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Abstract: The intermittency and fluctuations in direct normal irradiance (DNI) can cause methanol
conversion in a solar methanol decomposition reactor to deviate from its target, reduce system
efficiency, and even lead to catalyst overheating and sintering. To address these issues, an integral
model predictive control (IMPC) strategy incorporating extended Kalman filter (EKF) -based state
estimation is proposed. First, a one-dimensional dynamic model and its state-space representation are
established for the reactor. Next, an EKF-based state estimator uses temperature measurements to
correct the reactor states in real time, enabling online estimation of the species mass fractions. On this

basis, an IMPC controller with integral compensation is developed to track methanol conversion, and
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receding-horizon optimization is used to determine the optimal methanol feed flow rate under
irradiance disturbances. Results show that, when a 2% deviation in optical efficiency is introduced,
the mean estimation error of the methanol mass fraction is only 0.06%. Under cloud-cover
conditions, the proposed IMPC limits the maximum deviation in methanol conversion to 0. 41%,
compared with 1.85% for standard MPC and 6.87% for PI control. The average methanol
conversion reaches 94. 97% , the settling time decreases from 400 to 300 s, and the solar-to-chemical
exergy efficiency increases from 16.59% to 18.11%. No catalyst overheating occurs throughout the

process. These results demonstrate that the proposed strategy enables efficient, safe, and stable
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operation of the solar methanol decomposition reactor under solar irradiance disturbances.

Keywords: solar energy; methanol decomposition; dynamic characteristics; model predictive

control; operational strategy
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Fig. 2 Comparison between experimental and simulated

results of solar-driven methanol decomposition reactor
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Fig. 10 Comparison of dynamic responses of different control
strategies for solar-driven methanol decomposition

reactor under cloud recovery conditions
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