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Highlights: A major limitation for using organic Rankine cycle (ORC) power units, for waste 

heat recovery in automotive applications, is the difficulty to guarantee the optimal and safe 

operation of the unit for different driving cycles. In this study, it is illustrated that Model 

Predictive Control (MPC) can successfully satisfy these conditions for three typical driving 

conditions as encountered in heavy duty trucks. 
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EXTENDED ABSTRACT 

Introduction 

Implementing organic Rankine cycle (ORC) systems to recover waste heat from exhaust gases, 

is a promising technology which could enable us to reduce fuel consumption and gas emissions. 

A possible limitation is however the challenge of keeping the cycle operating safely and 

optimally during different cycle conditions [1]. In this regard, Model Predictive Control (MPC) 

appears as a natural solution since it can handle multivariable constrained problems in a very 

efficient manner [2]. 

 

Process description 

A reliable dynamic simulation model is implemented in Amesim for the Rankine cycle 

configuration in Fig.1a, where waste heat is recovered from exhaust, while using ethanol as 

working fluid. Three driving cycle conditions are chosen as typical examples of conditions 

encountered on long-haul truck applications: flat, rolling hill and hilly driving cycles [3]. Strong 

variations in the exhaust temperature and mass flow are expected, thus endangering the system 

safety and therefore representing the main challenge for the control strategy.  

 

Model Predictive Control (MPC) 

MPC refers to a family of control approaches, which makes explicit use of a model of the 

process to optimally obtain the control signal by minimizing an objective function:  

min     𝐽 = ∑ [𝑟(𝑡 + 𝑘|𝑡) − 𝑦(𝑡 + 𝑘|𝑡)]𝑄
2𝑁2

𝑘=𝑁1
+ ∑ [𝛿𝑢(𝑡 + 𝑘|𝑡)]𝑅

2𝑁𝑢−1
𝑘=0    

 (1) 

where r(t+k|t) represents the reference, y(t+k|t) the predicted output, and δu(t+k|t) the decision 

variable. The main tuning parameters of the MPC controller are the prediction horizons N2, N1, 

the control horizon Nu, and the weighting factors Q and R. 

The Extended Prediction Self-Adaptive Control (EPSAC) approach to MPC, is here selected 
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since it uses input/output models for prediction, thus avoiding the need of using state estimators. 

Discrete-time transfer functions representing the dynamics from inputs: pump speed Npp and 

expander speed Nexp to outputs: superheating ΔTsh and expander inlet pressure pexp,in, are 

identified. The effect of the temperature, Thf, and mass flow, mhf, of the waste heat hot fluid on 

the outputs are also identified, and further used by MPC as measured disturbances to enhance 

closed-loop performance The main target for the controller is to operate as close as possible to 

the maximum expander inlet pressure, to maximize the net output power Wexp,net, while keeping 

superheating into the safe limits. Output constraints ΔTsh > 5 °C and pexp,in < 32 bar are 

considered in the MPC formulation, to guarantee safe operation. Results obtained for a rolling 

hill driving cycle are depicted in Fig.1b. 

           

a) Waste heat ORC system architecture b) Control performance rolling hill driving cycle 

Fig. 1. Waste heat ORC system architecture and MPC performance for a typical driving cycle 

Conclusions 

In this study a Model Predictive Control (MPC) strategy is designed and implemented in order 

to guarantee optimal and safe operation of an organic Rankine cycle power system mounted on 

a heavy duty truck. Simulation results on three typical driving cycles suggest that the proposed 

strategy is able to maximize the output power by operating close to the maximum expander 

inlet pressure, while keeping the cycle in safe conditions. Future work includes the development 

of a control strategy for parallel configuration, where the exhaust gas recirculation (EGR) is 

also considered. 
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