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Overview

Policy measures aiming at reducing CO2 emissions are becoming increasingly widespread. In this respect the power sector plays an important role due to its notable share in total emissions (about 30% of European CO2 emissions comes from the power sector) and its considerable abatement potential.

Two main types of (direct) emission policies exist; a price instrument imposing a fixed payment per emitted unit (e.g., a CO2 emission tax) and a quantity instrument imposing an aggregated emission cap, possibly combined with a trade mechanism in emission allowances (e.g., a cap-and-trade mechanism). Both types of policy result in a cost of emitting CO2. A widely used tool to think about emission policy is the concept of marginal abatement cost curves (MACCs). A MACC plots the shadow price corresponding to an emission constraint of increasing severity against the quantity abated. A point on the MACC represents the marginal cost of abating an additional unit of greenhouse gas emissions [1]. As such, a MACC links emission abatement to an emission cost (being a CO2 tax or a CO2 price).

Although useful for indicating aggregated CO2 abatement, marginal abatement cost curves give little insight in the drivers of this abatement. They don’t reveal which technology is causing the abatement at a certain CO2 emission cost. Therefore there might be a need to break the aggregated MACC up in its different underlying abatement technologies.  

This contribution presents a new methodology to determine properly a detailed marginal abatement cost curve of the power sector, capturing a range of different drivers of CO2 abatement. The power sector is considered in detail on an hourly basis, including technical system effects within the power system. This innovative methodology allows policy makers and researchers to gain insight in the relation between a CO2 cost and OC2 emissions in the power sector. The presented methodology is applied to the Central Western European power system (Germany, France, the Netherlands, Luxembourg and Belgium).
Methods
Roughly speaking, two main methods are used to develop MACCs. The first method consists of a top-down approach based on macroeconomic models, most often in a general equilibrium framework. The second method uses a bottom-up approach, based on detailed optimization models or expert knowledge of a system, mostly in a partial equilibrium framework [2]. This contribution develops a detailed MACC of the power sector according to the bottom-up approach. To this end, a partial equilibrium model of the power sector is used, i.e., a market model (unit commitment model) formulated as a mixed-integer program [3].
This contribution presents a framework to reflect upon CO2 emissions and CO2 abatement in the power sector. According to this framework, the different determinants of CO2 emissions in the power sector can be classified in 3 main identified drivers: (1) determinants that impact the composition of the power plant portfolio, (2) determinants that affect the marginal generation costs of the power plants and (3) determinants that affect the residual electricity load (electricity demand minus renewables generation). Each of the 3 drivers of CO2 emissions can be influenced by a CO2 price. A CO2 cost might change the composition of the portfolio (e.g., retrofitting old emitting units), affect the generation costs (e.g., increasing the generation cost of emitting units) and impact residual demand (e.g., causing investments in renewable electricity generation). The impact of a CO2 cost on each CO2 driver can be determined, although this is not always straightforward as multiple effects occur which can be hard to quantify. 
Based on the insights in the CO2 emissions drivers, a detailed marginal abatement cost curve of the power sector can now be derived in three steps;
1. Quantify the relationship between a CO2 cost and each of the 3 drivers of CO2 emissions in the power sector. For example, the relationship between a CO2 cost and the marginal generation costs of power plants is given by a simple formula for generation costs. The relationship between a CO2 cost and the other emission drivers can be estimated based on knowledge of the power sector.     
2. Quantify the relationship between the CO2 emissions in the power sector and its 3 drivers. This relationship follows from the partial equilibrium model of the power sector.
3. Merge the information of the two previous steps to find the relationship between a CO2 cost and CO2 emissions in the power sector. This relationship leads to the marginal abatement cost curve.   

Results

This contribution presents a marginal abatement cost curve of the Central Western European power sector, derived according to the new methodology presented in the previous section. Two main abatement technologies are discussed;
(1) Fuel switching. Fuel switching is the dispatch of low-carbon units instead of high-carbon units caused by a CO2 emission cost. Fuel switching is a short-term operational abatement technology that impacts the CO2 emissions by changing the generation costs of the power units.

(2) Investments in wind capacity. High CO2 emission costs might trigger investments in wind generation capacity. This additional renewable generation reduces the residual load for conventional emitting units. Wind investments take place on a longer time scale and impact the CO2 emissions by reducing the residual load.
The methodology used to compose the presented marginal abatement cost curve can be used to extend the analysis to other abatement technologies in the power sector, e.g., carbon capture and storage.
Conclusions

This contribution presents a new methodology to gain insight in the CO2 cost-emissions relation in the power sector. The methodology is based on 3 identified drivers of CO2 emissions in the power sector; i.e., the composition of the power plant portfolio, the generation costs and the residual load. The relationship between the CO2 drivers and a CO2 cost on the one hand, and the CO2 drivers and the CO2 emissions on the other, leads to the correct abatement cost curve of the power sector. This methodology is applied to the Central Western European power system. This contribution makes use of a partial equilibrium market model of the power sector.
Future work includes refining the relationship between a CO2 cost and the three main CO2 drivers, including other abatement technologies not yet discussed in this contribution.
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