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Overview

Physical and financial markets for electricity do not present adequate incentives for the development of investments in new generation capacity, in particular for risky investment in peaking units.  Electricity is an essential good and therefore, interruptions are hardly acceptable politically and socially. Different approaches have been proposed and implemented around the world to ensure a sufficient level of generation capacity by creating incentives for investment in generation capacity and stabilizing generators’ income. These approaches fall into three general categories: 1) Energy-only markets with various degrees of backstop measures 2) Mechanisms based on capacity remuneration through direct capacity payment or capacity markets, and 3) Centralized procurement of generation resources by the system operator or designated agent charge by the regulator (for an overview, see De Vries, 2007 and Finon and Pignon, 2008).While most of these mechanisms designated mainly at national perspective, generation adequacy is interdependent in regional electricity markets and subject to regional transmission constraints. Thus, the lack of homogenization and coordination between local markets regarding long-term market designs may lead to regulatory policies with undesirable side effects. 

Considering interactions in regional power systems is particularly important due to three factors. Firstly, generation adequacy policies are mainly set up at the national level even in regional electricity markets. Differences between regulatory policies and markets designs may distort the normal functioning not only of national markets but may lead to undesirable effects at regional level. Thus, the lack of coordination between electricity markets, in terms of market designs for adequate generation capacity, could lead to a situation where consumers of a country may pay for the adequacy provided to consumers in the neighboring countries in a long term perspective. Secondly, the type and size of the adequacy problem in each system could vary depending upon the type of generation units with their differences of exposure to specific random events and, their flexibility on one side and the patterns of consumptions on the other side. This second point is particularly important in Europe given the differences in technology portfolios among European countries and in electrical heating market share. Thirdly, given that between electricity markets, interconnections may be limited in capacity, transmission constraints need to be considered. 

The main aim of this work is to investigate the effects of market design asymmetries on investments in new generation facilities in regional electricity markets. We tested the efficiency of different approaches, such as energy-only market with price cap policy, capacity payments and operating reserve pricing, which interact with an energy-only market. We describe a bottom-up simulation model developed to evaluate the long-term evolution of two markets when they are linked by a transmission interconnection.
Methods

The model has been developed using systems dynamics, which is a branch of control theory applied to economic and management systems. System dynamics methodology has been extensively used in electricity market modeling to aid capacity expansion planning. The model developed in this paper bases on De Vries and Heijen (2008) model and adds some modifications. The model allows addition of base-, middle- and peak-load generation units according to their profitability calculated relying on a NPV assessment. Another important feature is the modeling of optimal power flow by allowing to take into account interdependencies with adjacent electricity markets as well as transmission constraints. Furthermore, we introduce short-term correlated uncertainties on demand between electricity markets, outage generation units and schedule maintenance. 
The evolution of the generation capacity, the reserve margins, reliability indices and the electricity prices are modeled taking into account the market behavior of the generation companies. In order to investigate the effectiveness of different market designs the model tests several cases, differentiated by the capacity mechanism of adjacent markets. Using a case with two energy-only markets as a benchmark case, the influence of the interconnection is revealed as well. The model simulates the development of the two linked electricity markets for a long period of time (30 years). The time resolution in the model is one year, using the simplifying assumption that investment decisions can only be made at the beginning of each year. Two hundred scenarios, of 30-years period each, were generated as part of the Monte Carlo method. As a result, capacity mechanisms were consequently evaluated in exactly the same uncertain environment, which means that differences in their performances were exclusively due to differences in their designs.
Results

First, in the long run, all market designs that were evaluated lead to about the same annual average electricity price in the reference market (energy-only market) while differences in the adjacent market with capacity mechanisms are more significantly. 
Second, with respect to the reliability index, capacity payment and operating reserves pricing improve reliability in the adjacent market while the energy-only approach with price cap policy reduces generation adequacy. Besides adequacy improvement, increasing transmission capacity under asymmetric market designs could create several concerns about externalities.
Third, regarding both price and reliability in the adjacent market, all the alternatives perform better than a competitive energy-only market. Operating reserves pricing improves reliability, but increases price level and dampens volatility only to a limited degree, while capacity payments reduces both price volatility and the risk of shortages. These results are not totally extrapolable to the reference market, in which the energy-only-market with a price cap policy and operating reserve pricing are more effective than the capacity payment mechanism.
Conclusions

Differences between regulatory policies and markets designs may distort the normal functioning not only of a market party at a national level but of a regional electricity market. Therefore, regulators at the regional level should integrate into their rules, practices and decisions an overview of regional generation adequacy. These measures should take into account the compatibility between capacity mechanisms of local markets and, the fact that interconnection capacity can create asymmetric effects in each local market even if the whole system benefits.
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