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Abstract:   A central issue in meeting renewable portfolio standards (RPS) for smart grid is 
the integration of wind energy, which is challenging due to the high variability and difficult-
to-control dynamics of wind generation. Building on the key insight that historical data 
collected at wind farms contains rich statistical information, we take a data analytics 
perspective to explore rigorous approaches in modeling, optimization, and control of wind 
generation integration. We first investigate short-term forecast of wind farm generation by 
applying spatio-temporal analysis to extensive measurement data collected (over two 
consecutive years)  from a large wind farm where a  number of wind turbines are installed 
over an extended geographical area . Departing from conventional approaches based on wind 
speed forecast,   we devise graph models to capture the spatial dependence structure across 
wind turbines’ power outputs.  Then, graph-learning based spatial analysis  is carried out  to 
characterize the statistical distribution of the overall wind farm generation  and time series 
analysis is used to quantify the level crossing rate. Built on these characterizations, finite-state 
Markov chains are constructed for each epoch of three hours, which account for the diurnal 
non-stationarity and the seasonality of wind generation. Exploiting the Markovian property of 
the forecast model, we then cast the joint optimization of economic dispatch (ED) and 
interruptible load management as a Markov decision process (MDP) problem. A greedy 
policy is developed to reduce the complexity therein.   
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