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Future Work

(1) Derive Control-Oriented System Model

1. Develop tools to estimate reach sets of hybrid systems with 
complex state-dependent switching

2. Increase complexity of system by considering control of micro-
CHP when coupled with additional electricity sources and sinks

This material is based upon work supported by the National Science Foundation 
under Award No. DGE-1333468. Any opinions, findings, and conclusions or 
recommendations expressed in this material are those of the author(s) and do not 
necessarily reflect the views of the National Science Foundation.

Potential Impact of Research

• The optimal control strategies developed in this research may 
increase the economic viability of micro-CHP systems

• Generalization of the validated modeling and control methodologies 
could be translated to other complex thermal systems

• Distributed energy resources (DER) have the potential to increase
robustness to blackouts and increase overall efficiency of
electricity generation and distribution

• Micro-CHP (Combined Heat and Power) systems are DERs that
combine controllable (non-renewable) electricity generation with
waste heat recovery methods

• However, the operation of micro-CHP systems is limited by their
synchronous generation of heat and power while tasked with
meeting asynchronous loads

• Current control methods only aim to meet a single load and
often operate in a state of full on or off (e.g. thermostat
control)

Research Objective:
Develop optimal control strategies for micro-CHP systems to 
improve demand response and economic viability 

Hybrid switched system model used to capture nonlinear temperature 
inversion dynamics within Domestic Hot Water (DHW) Tank

(2) Controller Design for Demand Response
Model Predictive Control (MPC) used to track a prescribed electricity
demand while maintaining a desired domestic hot water (DHW) supply
temperature

(3) Field Testing of Real-Time Control in DC-House
Integrate experimental testbed with DC
nano-grid and additional electricity
sources (e.g. solar PV) for real-time
testing of optimal control strategies in a
residential setting

micro-CHP DC Nano-Grid

Solar

Validation of System Models 

Model Predictive Control

MPC

Nonlinear simulation model validated against experimental platform.

Normalized to nominal values

The controller is able to regulate the fuel cell temperature and 
current to track a prescribed electrical power demand
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coil heat exchanger under three operation modes,” Applied Energy 2017 
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𝑥𝑥 𝑘𝑘 + 1 = 𝐴𝐴𝜎𝜎𝑥𝑥 𝑘𝑘 + 𝐵𝐵𝜎𝜎𝑢𝑢 𝑘𝑘 + 𝑊𝑊𝜎𝜎𝑣𝑣 𝑘𝑘 + 𝑓𝑓𝜎𝜎

𝜎𝜎 𝛾𝛾 :ℝ𝑛𝑛−1 → [1,⋯ ,𝑚𝑚]

𝛾𝛾𝑗𝑗 = �10
if 𝑇𝑇𝑗𝑗+1 > 𝑇𝑇𝑗𝑗
otherwise 

Displaced cool water

Rising warm water

𝑇𝑇𝑗𝑗

𝑇𝑇𝑗𝑗+1

𝑇𝑇1
𝑇𝑇2
𝑇𝑇3
⋮

𝛾𝛾1
𝛾𝛾2 Hybrid switched linear model approximates nonlinear dynamics

- Nonlinear
-- Hybrid

- Model
-- Experiment
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