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Response to the Reviewer
Comment 1
[bookmark: _Hlk234444585]"COD levels ranging from 104 to 105 mg/L" in the Introduction has lost its superscripts: it should read 10⁴–10⁵ mg/L. As printed, the range is wrong by four orders of magnitude. Check the whole manuscript for other dropped superscripts.

Response:
Thanks for pointing out the formatting error. The superscripts have been restored in the whole of the manuscript. The COD range in the Introduction was adjusted to 10⁴–10⁵ mg/L and the entire manuscript was checked carefully for consistency in the presentation of all superscripts and scientific notations.

Page 1, section 1:
Recent research reported that vinasse typically has COD levels ranging from 10⁴–10⁵ mg/L, along with high BOD, melanoidin pigments, phenolics, sulfides, and dissolved salts that can seriously harm aquatic ecosystems if exposed to the environment (do Vale Borges et al., 2025; Eng et al., 2022; Farfán et al., 2024; Otieno & Apollo, 2021).

Comment 2
The abstract reports final pH as 8.2, but the body gives 8.1 ± 0.28 after the electrochemical step, 8.24 for the 6 g/L run, and the pH trail passes through 8.2 (aerobic) then 7.7 (sedimentation) and 8.1 (final). Please make the single reported final value consistent. "coefficient of variant" should be "coefficient of variation."

Response:
Thank you for the observation. The reported final pH has been confirmed to be 8.2. The terminology has also been corrected from "coefficient of variant" to "coefficient of variation."

Page 1, Abstract:
Vinasse from bioethanol distillation contains high levels of organic matter, suspended solids, color, sulfides, and acidity, requiring an integrated treatment beyond biological methods. This study tested a sequential system comprising anaerobic digestion, aerobic oxidation, sedimentation, and electrochemical oxidation, using a Ti/RuO2 anode and a stainless-steel cathode, at different NaCl concentrations. The system reduced pollutants in 10% diluted vinasse, lowering COD by 97.9%, BOD by 99%, TSS by 93.6%, eliminating sulfide, and increasing pH to 8.2. The electrochemical step polished water by generating hydroxyl radicals and reactive chlorine species. 6 g/L NaCl gave optimal water quality, with high color removal, turbidity reduction, sulfide removal, and pH stabilization. The GWP of four resource-recovery techniques was assessed in a life cycle study. Sludge and biogas recovery produced the least climatic impact, according to Monte Carlo statistical analysis, which revealed GWP emissions of 0.842–1.125 kg CO2 eq/kg treated water across four suggested scenarios with ≤3% coefficient of variation and a tiny standard error of mean. All things considered, this system combines pollutant removal, water recovery, sludge valorization, and environmental impact assessment to provide an efficient, circular method for vinasse treatment.

Comment 3
The novelty claim that "no previous study has integrated biological-physical-electrochemical treatment…" is slightly overstated relative to your own Table 1, where Vilar et al. (2018) already combines anaerobic + aerobic + sedimentation + electrochemical (all four ticked). The genuine novelty is the addition of LCA to that full train.

Response:
We appreciate this feedback. The novelty statement has been revised to avoid overstatement. The manuscript now emphasizes that the primary novelty lies in integrating LCA with the biological–physical–electrochemical treatment train and evaluating resource recovery strategies, rather than claiming the treatment configuration itself is entirely unprecedented.

Page 2, Section 1:
The main novelty of this study is the integration of a multi-stage biological–physical–electrochemical treatment system with life cycle assessment (LCA) to evaluate both treatment performance and the environmental implications of sludge and biogas resource recovery. To position the present work within the existing literature, Table 1 summarizes representative studies selected according to three criteria: (i) treatment of real or synthetic vinasse wastewater, (ii) application of one or more biological, physical, or electrochemical treatment processes, and (iii) evaluation of treatment performance and/or environmental sustainability. This comparison highlights the current research gap regarding the integration of resource recovery with life cycle assessment in vinasse treatment systems.

Comment 4
Table 1's comparative matrix is a good idea, but state the selection criteria for the eight studies so it does not read as cherry-picked to make the last row unique.

Response:
Thank you for the great recommendation. A statement has been revised in the manuscript explaining that the studies included in Table 1 were selected based on their relevance to vinasse wastewater treatment, the use of processes, and/or the inclusion of environmental assessment, thereby providing a representative comparison of existing treatment approaches.

Page 2, Section 1:
To position the present work within the existing literature, Table 1 summarizes representative studies selected according to three criteria: (i) treatment of real or synthetic vinasse wastewater, (ii) application of one or more biological, physical, or electrochemical treatment processes, and (iii) evaluation of treatment performance and/or environmental sustainability. This comparison highlights the current research gap regarding the integration of resource recovery with life cycle assessment in vinasse treatment systems.

Comment 5
Raw vinasse was "stored at room temperature prior to laboratory processing." For wastewater with this organic/sulfide load, room-temperature storage risks fermentation and sulfide generation before baseline analysis, which may bias the raw values in Table 2. Please state storage duration and justify, or refrigerate/preserve per standard methods.

Response:
Thank you for this technical comment. We apologize for the ambiguity in our wording. The phrase "stored at room temperature" referred only to the transportation of the raw vinasse from the bioethanol plant to our laboratory, where it was contained in a sealed vessel under ambient conditions. The wastewater was not intentionally stored for an extended period prior to analysis or treatment. To avoid misunderstanding, we have clarified that the raw vinasse was transported directly from the bioethanol plant to the laboratory in a sealed container at ambient temperature and processed upon arrival.

Page 2, section 2.1:
The raw vinasse was collected from the bioethanol plant and transported to the laboratory in a sealed vessel under ambient conditions, where it was processed immediately upon arrival.

Comment 6
Color and turbidity are analyzed, reported (Figure 5e–f: 99.1% color, 90.2% turbidity), and included as factors in the ANOVA, but the "Analytic Methods" section describes standard methods only for pH, TSS, COD, BOD₅, and sulfide. Add the methods/instruments for color and turbidity.

Response:
Thank you for pointing out this omission. The Analytical Methods section has been updated to include the method and instruments used for turbidity and color measurements.

Page 4, Section 2.3:
Additionally, color testing was performed using the platinum–cobalt (Pt-Co) method with a UV–Vis spectrophotometer (HACH DR2800, USA), and turbidity was measured with a turbidimeter (HACH 2100Q, USA).

Comment 7
The electrochemical experiments used only 2 replications, yet a two-way ANOVA is built on them. Justify the replicate number, and describe how TS/VS or dilution ratios were fixed.

Response:
We sincerely thank the reviewer for this valuable feedback. The primary objective of the electrochemical experiments we conducted was to evaluate the effect of [NaCl] on treatment performance. Therefore, all experiments were conducted using the same batch of 10%vol diluted vinasse and a fixed dilution ratio to ensure that wastewater characteristics remained consistent across all treatments, allowing [NaCl] to be the only experimental variable. However, TS/VS measurements were not included because they were beyond the scope of this study. In addition, the two-way ANOVA was performed as an exploratory statistical analysis to assess the effects of [NaCl] and water-quality parameters under pilot-scale conditions. 

Comment 8
The dilution is internally inconsistent. For a "10% diluted vinasse," every parameter should be ~10% of the Table 2 raw value, but the diluted-to-raw ratios are: TSS 4.6%, COD 6.7%, BOD 70.5%, sulfide 75.4%. TSS and COD are roughly consistent with a ~5–10% dilution, but the diluted BOD (4,126 mg/L) is 70% of raw BOD (5,854), and diluted sulfide (525.2) is 75% of raw sulfide (696.8). This implies the raw BOD and raw sulfide in Table 2 are wrong (implied raw values would be ~41,000 mg/L BOD and ~5,250 mg/L sulfide at 10%). This is reinforced by the raw COD:BOD ratio of 37:1, which is implausible for vinasse (typically 2–3:1). Please reconcile Table 2 with the diluted baselines used throughout Section 3; as it stands the entire removal baseline is unreliable.

Response:
Thank you for this important observation. We would like to clarify that the characteristics of raw vinasse in Table 2 is mistype and the diluted vinasse presented were obtained from independent laboratory measurements rather than from theoretical values derived by dilution. Because vinasse is a highly heterogeneous wastewater, parameters such as BOD and sulfide may not decrease proportionally with dilution due to matrix effects, suspended solids, and analytical variability associated with separate measurements of undiluted and diluted samples. The 10%vol dilution was established based on preliminary trials to obtain an appropriate COD/BOD range for biological treatment and to avoid inhibitory conditions in the laboratory-scale system. Since the treatment process was conducted exclusively using the measured diluted vinasse, all removal efficiencies and subsequent discussions were calculated using the diluted wastewater characteristics as the experimental baseline.

Page 5, Table:
Table 2. Raw vinasse wastewater properties
	No
	Parameter
	Value
	Standard*
	Unit

	
	
	Mean
	±(SD)
	
	

	1
	TSS
	30,075.50
	24.50
	100.0
	mg/L

	2
	pH
	4.00
	0.00
	6.0-9.0
	-

	3
	COD
	217,132.00
	49,471.00
	300.0
	mg/L

	4
	BOD5
	51,699.00
	7,281
	100.0
	mg/L

	5
	Sulfide
	696.80
	10.40
	0.5
	mg/L


*)based on Regulation of the Minister of Environment Number 5 of 2014 concerning Wastewater Quality Standards (KLH, 2014).

Comment 9
"As shown in Figure 1, the integrated treatment system exhibited a progressive… elimination pattern…" Figure 1 is the process-flow diagram, not a performance chart. The removal data are in Figure 3. Correct the cross-reference.

Response:
Thank you for identifying this error. The figure citation has been corrected from Figure 1 to Figure 3.

Page 5, Section 3.2:
As shown in Figure 3, the integrated treatment system exhibited a progressive and synergistic elimination pattern across the anaerobic, aerobic, sedimentation, and electrochemical stages. Sedimentation removed suspended and particulate contaminants, biological treatment primarily removed biodegradable organic matter, and electrochemical oxidation refined the effluent by breaking down sulfur species and refractory organics using hydroxyl radicals and reactive chlorine species. Overall, the combined methods changed the pH from acidic to stable neutral–alkaline conditions while reducing COD, BOD, TSS, and sulfide by 97.9%, 99.0%, 93.6%, and 100%, respectively.

Comment 10
In the LCA, biogas composition and methane yield are taken from a different study (Harihastuti et al., 2021: 0.53 m³ CH₄/kg COD·d), yet the Conclusion states "the low methane yield observed in this study." Clarify whether methane was measured here or borrowed from literature; these two statements contradict each other, and the LCA biogas credit depends on which is true.

Response:
We appreciate this important comment. The manuscript has been revised to clarify that the methane yield and biogas composition used in the LCA inventory were adopted from the literature due to the absence of direct biogas measurements in the present study. Accordingly, the conclusion has been modified to avoid implying that methane yield was experimentally determined in this work.

Page 12, Section 4:
[bookmark: _Hlk234451755]This suggests that sludge recovery has a greater potential to reduce global warming impacts. However, the environmental benefit of biogas recovery was limited by the relatively low methane yield assumed in the inventory, which reduced its capacity to substitute for fossil-based energy. Future LCA studies should incorporate full-scale operational data, assess additional impact categories, evaluate the sensitivity of electricity sources and recovery efficiency, and validate the environmental credits from fertilizer and biogas utilization.

Comment 11
Because the biogas credit rests on literature values and pilot-scale inventory, the headline LCA outcomes (GWP 0.842–1.125 kg CO₂-eq/kg TW; "25% reduction with sludge+biogas vs 0.44% with biogas alone") should be presented with that dependency stated explicitly, not as measured system performance.

Response:
We appreciate the reviewer's concern. However, the reported GWP values were explicitly presented as results derived from the proposed LCI and Monte Carlo simulation, rather than as direct measurements from the experimental system. The proposed inventory inherently incorporates the assumptions, literature-derived parameters (including the biogas scenario), and system limitations described in the Goal & Scope, LCI, and Limitations sections. Therefore, we believe the statement appropriately reflects the modeled nature of the LCA results. Nevertheless, to further improve clarity, we have revised the corresponding sentence to explicitly emphasize that these GWP reductions represent scenario-based outcomes of the proposed inventory rather than experimentally measured environmental performance.

Page 12, Section 4:
Based on the proposed LCI scenarios evaluated by Monte Carlo simulation (10,000 iterations), the median GWP results indicated that incorporating both sludge and biogas recovery reduced GWP emissions by approximately 25%, whereas biogas recovery alone reduced GWP by only 0.44%.

Comment 12
The Conclusion cites TSS starting at 1,380 mg/L and sulfide at 525.2 mg/L — carry through whatever corrections result from comment #8 so the abstract, Table 2, Results, and Conclusion all agree.

Response:
Thank you for the notice. Following verification of the original experimental data (see Comment 8), no significant revisions to the reported TSS and sulfide values were necessary. We have confirmed that the Abstract, Table 2, Results and Discussion, and Conclusion consistently report the same values throughout the manuscript.

Comment 13
In-text/reference year mismatch: "Regulation of the Minister of Environment Number 5 of 2014" is cited as "(Permen LH No. 5 Tahun 2014, 2012)." Fix the year.

Response:
Thank you for pointing out this inconsistency. The citation has been corrected to 2014 throughout the manuscript and reference list to ensure consistency with the official regulation.

Page 14, Reference:
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