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Number and title of chapter: Add this paragraph in Section 5.2.1 (Impact of Temperature on

Syngas Composition)

Page, incorrect text: Page (44) add this paragraph at the end of this chapter

Page, corrected text: Page (44)

It should be noted that, in this simulation, the gasification temperature was adjusted
independently by changing the heat duty of the RGibbs reactor, thus implicitly assuming that
there is external heating available. For a real (no external heating) adiabatic gasifier, higher
gasification temperature would lead to higher air flow rate (higher ER) which will add more
N2 and favour combustion reactions resulting in higher CO: and lower H> and CO production
beyond a certain temperature. Prins et al. (2007) proposed the carbon boundary temperature:
that is, the temperature at which all solid carbon is only just fully converted to gas. At this
temperature, an adiabatic system will need extra oxygen, leading to gasification inefficiencies
(Magtoto et al., 2023), as the process will move towards combustion. Likewise, Ptasinski et al.
(2007) have shown that the carbon boundary temperature is below the carbon boundary
temperature for coal for biomass fuels with higher O/C ratio and that the maximum
thermodynamic efficiency of biomass gasification occurs in the vicinity of this carbon
boundary temperature (Rey et al., 2024). So, the temperature changes that happen above 900°C
in Figure 9 above might not be realistic in practice without further energy added to the system

like electrical heating or plasma assisted gasification.



Number and title of chapter: Add this paragraph in Section 5.2.6 (Effect of Temperature on
Efficiency and CO: Emissions)

Page, incorrect text: Page (50) add this paragraph at the end of this chapter

Page, corrected text: Page (50)

However, it is important that these results are based on the assumption that the temperature of
the gasification can be controlled independently using the heat stream of the RGibbs reactor.
In an adiabatic gasification system, the temperature is determined by the energy balance
between the exothermic oxidation reaction and endothermic gasification reaction. To attain
greater temperatures, the flow rate of the air needs to be raised significantly, thereby increasing
the dilution by N2 and CO: and decreasing the production yield of H> (Magtoto et al., 2023;
Rey et al., 2024), or additional external heating in the form of electrical or plasma heating
sources is required. Prins et al. (2007) demonstrated that the optimum thermodynamic
efficiency is found near the carbon boundary temperature and that biomass gasification is
thermodynamically less efficient when operated above the carbon boundary temperature in an
adiabatic system as this requires more oxygen to be present than is needed (Magtoto et al.,
2023). Therefore, it is not likely that the predicted CO: emissions for the above value of 1200°C
can be realized in a realistic adiabatic air-blown gasifier because of the amount of additional
air required to operate at such high temperatures, which will produce significant amounts of

CO: from combustion reactions.



Number and title of chapter: Add this paragraph in Section 5.2.3 (Equivalence Ratio on Syngas
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Note that in this sensitivity analysis the gasification temperature was fixed at 750°C and only
the equivalence ratio was changed. This was done by means of the heat stream of the RGibbs
reactor, which could be either heat added to or subtracted from as required to keep the desired
temperature. In an actual real adiabatic gasifier with no external heating, one could expect that
an increased air flow rate would either increase or decrease the gasification temperature, but it
would also increase the gasification temperature because of the exothermic combustion
reactions. This coupled effect of ER and temperature is not accounted for in this analysis. On
the other hand, a reduction of the air flow will result in a decrease in temperature and may
result in incomplete gasification. The results in this analysis are presented as separated
parameters and are thus useful for understanding the separate contribution of each parameter
but should be interpreted subject to the understanding that in practice the ER is an
interdependent variable in an adiabatic system with temperature (Magtoto et al., 2023; Rey et
al., 2024). To simulate a more realistic situation, the ER should also be correlated with the
resulting adiabatic temperature, leading to an optimum ER for maximum hydrogen efficiency

at a point other than the one simulated here.
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The optimized gasification temperature of 1000°C is selected, assuming that there is external
heating available to the gasifier. This temperature would require to be raised by increasing the
equivalence ratio in an adiabatic air-blown system, which would be offset by the increase of
N: dilution and combustion loss benefits obtained by raising the temperature. Magtoto et al.
(2023) showed that the carbon boundary temperature in biomass gasification is in the range of
800 to 900° C, depending on the O/C ratio of the biomass gasification feedstock. Thus, it is
possible that the optimum temperature for an adiabatic air-blown MSW gasifier is closer to
800-900°C than 1000°C, and that alternative approaches to increasing the temperature without

increasing the air flow are possible, such as oxygen-blown gasification, indirect (allothermal)

gasification, or electrical/plasma heating (Rey et al., 2024).




Number and title of chapter: Section 5.4 (Maximized-Output Case Results)

Page, incorrect text: Page (51) add this paragraph at the end of this page

Page, corrected text: Page (51)

The gasifier outlet temperature of 3083°C is a result of the simulation run that the RGibbs
reactor is operated with a set heat duty instead of adiabatically. It is not physically realistic for
any existing gasifier and is a major drawback of the existing simulation method. The gasifier
temperature in an adiabatic system would be significantly lower and would be dependent on
the energy balance. The thermal NOx (1.30 mol%) and residual O (2.35 mol%) already formed
at this extreme temperature further emphasise the unfeasibility of this operating point. A future
study would involve the simulation of the gasifier in an adiabatic mode, with the temperature
being generated as a result of the energy balance instead of being an input, to get more

physically relevant results (Magtoto et al., 2023; Rey et al., 2024).

Number and title of chapter: 6 Conclusions

Page, incorrect text: Page (55) add this paragraph at the limitation section of the conclusions

Page, corrected text: Page (55)

One important aspect identified is that the sensitivity analyses on both gasification temperature
and equivalence ratio were done by altering one of the two parameters at a time while setting
the other at a constant value via the heat stream in the RGibbs gasifier. This is done without
taking into account the external heat source and not as adiabatic gasification conditions. The
temperature and airflow rate in a real adiabatic gasifier are correlated, and at a certain boundary
temperature, the amount of air increases with temperature, causing the process to shift from
gasification to combustion, as reported by Magtoto et al. (2023) and Rey et al. (2024). The
gasifier should be made truly adiabatic, in which the temperature is given by the energy
balance, in future work, which would allow more realistic predictions of the optimal operating

conditions and achievable hydrogen yields.
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