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Waste-to-Energy (WtE) plants operate under competing objectives: complying with increasingly stringent
emission regulations while minimizing reagent consumption to maintain economic efficiency. Achieving this
balance is challenging due to the highly nonlinear, time-varying, and uncertain nature of combustion and flue-gas
treatment processes, particularly in acid gas abatement systems. In this context, Model Predictive Control (MPC)
has emerged as a promising strategy (Bacci di Capaci et al., 2023), as it enables explicit constraint handling and
systematic trade-offs between performance and resource usage. However, MPC performance is strongly dependent
on the accuracy of the underlying process model, which is difficult to guarantee in WtE applications due to variable
waste composition, plant aging, changing operating conditions, and strong interactions among subsystems.

Traditional physics-based models (e.g., Antonioni et al., 2011), while offering mechanistic insight, are often
limited to isolated components of the process and rely on simplifying assumptions that restrict accuracy and
generalizability (Giraud et al., 2022; Han et al., 2024; Hou et al., 2024). In addition, sparse sensor availability
hampers model validation and limits real-time applicability. These challenges have motivated the adoption of data-
driven modeling approaches to capture the complex input-output behavior of acid gas abatement systems across
different plant configurations (Ozgen et al., 2025). Nevertheless, many conventional data-driven methods rely on
statistical assumptions that are frequently violated in closed-loop operation, leading to model mismatch and
degraded control performance.

To address these limitations, a learning-based MPC framework integrating Set-Membership (SM) data-
driven identification is proposed for the regulation of hydrogen chloride (HCI) emissions in a WtE plant (Wu et
al., 2026). The SM approach assumes unknown but bounded disturbances and constructs a set of models consistent
with measured data, providing robustness to uncertainty without relying on restrictive noise assumptions. Online
SM-based model adaptation is embedded within the MPC scheme, enabling the controller to accommodate time-
varying dynamics arising from operational changes or equipment aging. The control formulation further
incorporates average-based emission constraints over a regulatory time window, reflecting realistic environmental
compliance practices rather than instantaneous limit enforcement.

The proposed approach is validated using experimental data from a full-scale WtE facility (Figure 1).
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Figure 1. Temporal segmentation of the collected dataset into training (blue) and validation (orange) periods.
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Real-time experimentation on operating Waste-to-Energy plants is often infeasible due to safety concerns,
stringent regulatory requirements, and the risk of disrupting continuous plant operation. To overcome these
constraints, a simulation model is employed to reproduce the plant’s dynamic behavior and to allow offline
evaluation of the proposed control strategy. For this purpose, a Hammerstein—-Wiener (HW) model structure is
adopted, as it is well suited for capturing the nonlinear input—output relationships characteristic of WtE processes,
as demonstrated in Ozgen et al. (2025).
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Figure 2. MPC Simulation scheme.

The results show that, once an appropriate model structure is identified offline, online learning reduces the
effort required for MPC tuning and deployment while improving closed-loop performance. Specifically, the
proposed approach achieves reductions of up to 33.3% in the Mean Integral Absolute Error and 58.8% in the Mean
Integral Squared Error with respect to FF+FB (feed-forward - feed-back) control, together with a 3% decrease in
average bicarbonate consumption. Some performance degradation is observed at low concentration levels, which
can be attributed to limitations in the available dataset for those operating regimes. The formulation of average-
based emission constraints within the MPC optimization problem enables regulatory limits, defined over
compliance time windows, to be enforced directly at the control level, a feature not explicitly supported by
conventional controllers based on instantaneous constraints. Future work will focus on practical implementation
aspects of the proposed control framework in industrial WtE plants and on evaluating its transferability to facilities
with similar acid gas abatement configurations.
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