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Overview
Climate targets compel wind power installations in order to improve the sustainability of the power sector. This variable source of power generation affects the operation of the electrical power system by increasing the need for operating reserves and fast-ramp thermal capacity in order to ensure the instantaneous system energy balance [1]. When minimizing operational costs, unit commitment models mainly focuses on flexibility offered at the supply-side of the system, neglecting the demand-side [2]. Conventional sources of flexibility are typically oil or gas fired combustion turbines or energy storage units. 
However, integration of smart grid technologies in the electric power system, for example though smart meters, creates opportunities to more efficiently balance supply and demand. These new sources of flexibility facilitate clearing the market at the demand-side. Demand-side opportunities must be treated on equal footing with supply-side sources when balancing supply and demand [3]. The integration of a short term price responsive demand-side in a long term investment planning model is discussed in [4], where consideration of short run own- and cross-price elasticities significantly alters generation investment. In this paper, a short term price elastic demand-side is included in a unit commitment model.
Methods
A reference Mixed Integer Linear Programming (MILP) model is developed. System operational costs include fuel costs, start-up costs and CO2 emission allowances. Those costs are minimized, accounting for ramp rate limits, minimum up- and down-times, and minimum and maximum output levels for the available technologies, respectively nuclear, coal, gas and oil fired power plants. Variable demand and wind power injections are considered for a 48 hour period; in the reference case, load is not price responsive.
Alternatively, fixed demand levels are replaced by elastic demand curves. A sensitivity analysis with different levels of price elasticity changes the slope of the elastic demand function, and accounts for load shifting through cross elasticities across different hours. In order to include the objectives of consumers and generators, respectively surplus maximization and cost minimization [4], the model is reformulated based on a market equilibrium methodology suggested by [5]. This approach has already been illustrated in the context of long term investment planning models in [4]. 
System costs, energy prices, CO2 emissions and amount of wind power curtailment for the reference unit commitment model are compared with those of the alternative unit commitment model, including different levels of short-term demand response. 


Results
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Model results show significant load responsive effects. The left-hand graph illustrates valley filling and peak reduction, compared to the initial load level. Consequently, hours with excess wind power injections can be reduced. Additionally, generation output levels of low cost base load (nuclear) increase, whereas output of more expensive CCGT power generation reduces. This is illustrated by the graph showing capacity factors for the respective technologies. Finally, also reductions in price volatility are observed with increasing levels of own price elasticity. When only own elasticity is considered, market efficiency improvements (in the form of increases in producer and consumer surplus) are significant. 
Conclusions

This paper quantifies the economic value of smart metering by considering how short run demand elasticity facilitates incorporation of variable wind. Unit commitment modeling must include short-term demand response to better account for such load response.
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