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Solar reactor for syngas production

A solar spouted-bed gasifier has been conceived by hsorsae-dl - Aol
Bellouard et al. [1], and its hybrid solar-autotherma L / : "-‘“"""‘"\%
operation has been investigated by Boujjat et al. |2 :_}factor . o\é&b\

and Curcio et al. [3]. N —~~~=--- window | &

This work aims at conciliating the solar-autothermal
hybrid control strategy of a gasifier with the efficient
implementation of a model-based predictive control
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Solar reactor modeling Model-based predictive controller
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The model also includes the thermal balance of the reactor walls, and a model M
thermodynamic calculation using the open-source library Cantera [4]. |
T Reactor’'s temperature T

MPC strategy 1: maintain the reactor’'s temperature at any cost.
Reference controller

n
Oxygen flow rate Is controlled by an adaptive proportional integral minimize Z (T(t+ k) — Sp)2
derivative (PID) controller with optimized gains. Dlotvgen 42 |
Defocussing factor i1s controlled by a rule-based controller as follows: where T (t+1) = M(D(t), fc;gygen(t)' T(t))
1, if DNI(t) < 800Wm™2 and T(t) < 1473K subject to 0 < D(t+ k) <1 and 0 < fog, gen(t + k) <2
D(t) = 300 .
() DNI(t) if DNI(t) > 800Wm™* and T (t) > 1473K MPC strategy 2: maintain the reactor's temperature, while minimizing O,
consumption and maximizing solar energy use.
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- DNI forecasts: perfect forecasts, smart persistence forecasts, and
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eactor's temperature proposed Image-based forecasts.

Simulation results over one week and case studies

MPC strategy 1 MPC strategy 2
. Performance  Perfect Image-based Smart persistence (image-based forecasts) (image-based forecasts)
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Performance metrics: root mean squared error (RMSE), O, s 1o Il
consumption, and average temperature variation (ATV). S ! | u’| | VWWWW |Hﬂ |
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he MPC controller, with all forecast models, outperforms the <3 0| 1 1 1 e 1 1 1
reference controller at the cost of an O, consumption increase. 000 ¢ \ \ \ - \ \ \
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consumption should be minimized.
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