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Overview

Combined provision of heat and power forms an integral part of the German and European power system. Governments have declared the extended use of Combined Heat and Power (CHP) Plants to be one of the cornerstones of the strategy for achieving the ambitious EU climate goals due to its more efficient use of resources compared to alternative technologies. In 2012, 18.0 % of the German net electricity production originated from CHP Plants. With a net heat generation of 218.4 TWh (in 2012), CHP Plants contributed substantially to covering the German heat demand (refer to the end energy consumption of heating applications of approx. 1374 TWh). Such high penetration of CHP Plants within a liberalized energy market bears an effect on the electricity wholesale market price. This is due the fact that, for each district heating grid, the available CHP Plants and Heat Plants have to ensure heat supply and, therefore, certain plants need to remain in operation (must-run) irrespective of the prevailing electricity prices. Such operational constraints tend to lower the wholesale market price of electricity. On the other hand, the electricity price is one key factor for revenues and contribution margins of CHP plants and, thus, impacts the sequence of dispatch of CHP Plants and Heat Plants for heat production. The present work assesses the interdependencies between CHP Plant operation and the electricity market. It thereby provides both analytical insights and a large-scale model application. This analysis thus contributes to an improved understanding of the electricity price formation and of the (sometimes unexpected) impacts of policies to support CHP usage. 
Methods

The above described assessment is based on an analytical derivation of the marginal costs of supplying heat to a district heating grid as function of the prevailing electricity price. This is done for various common types of CHP Plants and Heat Plants. Subsequently, the resulting marginal costs are translated to a merit-order-like depiction of heat extraction which can be used to approximate CHP Plant dispatch. These analytical insights allow for an improved modelling of CHP Plant operation in the framework of large-scale electricity market models. The corresponding methodology that is introduced with the present work – in contrast to traditional approaches – uses a sequential procedure which allows for more detailed modelling of the CHP plants and heating grids without increasing the optimization problem of the electricity market model. The sequence starts with an initial simulation of the electricity market, followed by the exogeneous determination of CHP Plant heat extraction and concludes with a further run of the electricity market model. The methodology is tested within the framework of the WILMAR Joint Market Model, which is a well-established fundamental electricity market model (cf. e.g. Meibom et al. (2011)). For the validation of the new approach, the backtesting year 2012 is chosen and results are compared to the so-far used conventional model configuration. 
Results

Preliminary analytical results indicate that the heat merit order tends to remain stable over a broad range of electricity prices. Only for rather extreme prices (compared to current market prices), the heat dispatch is changed. The performance of the numerical modelling alternatives is evaluated by comparing the model outputs to the historical market information of 2012. Therefore, the quantitative analysis includes the scrutiny of modelled and actual production quantities (electricity and heat production by fuel), base prices, hourly prices, etc. Secondarily, also aspects of model performance (calculation time, model flexibility, etc.) are taken into consideration and are discussed. 
Conclusions

The preliminary results allow to conclude that the newly-introduced methodology improves over existing approaches in terms of reproduction of the historical output figures and in terms of model performance. Beyond this direct validation, the analytical and numerical results provide answers to the following questions: How do constraints of CHP Plant operation affect electricity prices and to what extent? How do electricity prices contribute to the recent stagnation of production quantities of CHP Plants? And what are likely effects of CHP subsidies in terms of CHP production and electricity prices? Thus, the present work contributes to the understanding on market mechanisms in relation to CHP Plant operation and, thereby, provides orientation to market particpants and policy makers.
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