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Model Predictive Control for Energy Efficient Cooling and Dehumidification
Tea Zakula, Leslie Norford and Peter Armstrong

Jiang  (2007) and Armstrong (2009) proposed a system that integrates hydronic radiant cooling, variable-speed drive motors for a compressor and auxiliary fans and pumps, a thermal energy storage, dedicated outside air system, and night precooling control strategy. Promising results shown both using simulations and experimental measurements (Jiang , 2007, Armstrong, 2009a and 2009b, Katipamula, 2010 and Gayeski, 2012) were a motivation to develop a more detailed simulation model of this technology. Furthermore, while the previous work was mainly focused on sensible cooling, there was a need for a more thorough analysis of dehumidification strategies. 
The model predictive control algorithm developed for a building with a TABS and/or VAV system optimizes cooling rates for the lowest energy consumption. Based on the predicted weather forecast and building loads, the optimization function finds the optimal sequence of hourly cooling rates for each of the following 24 hoursover the future control horizon. The optimization function uses the inverse model for a building dynamic response, after which the optimal values are applied on the "virtual" building, represented with the more accurate model in TRNSYS. The TRNSYS building model is also used to find the appropriate coefficients for the inverse building model. The total power consumption is calculated as a sum of the heat pump power, and transportation power.  The heat pump optimization is performed using the model presented in Zakula (2012), and is decoupled from the building optimization.  The computational time to optimize one day (24 cooling rates) is approximately 1 minute.
Several different dehumidification strategies are analyzed, including a typical DOAS, DOAS with a condenser placed in the supply stream, DOAS with parallel condensers, as well as DOAS with a run-around heat pipe.
To assess the energy saving potential, the comparison between the proposed system and VAV system with and without night precooling will be presented for a typical office, across different US climates. 
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