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ARTICLE INFO ABSTRACT

Article history: The GreenFeed® is used worldwide for individual methane (CH,) emission measurement without restrict-
Received 13 November 2025 ing animal behaviour. It enables a large number of spot gas samples per animal and can simultaneously
Revised 22 June 2026 measure emissions from up to 20-25 animals. However, robust analytical tools that can easily handle
Accepted 23 June 2026 large volumes of data generated in real time by this system remain limited. To address this shortcoming,
we developed an application that provides user-friendly functionalities (i.e., simple button-based opera-
tions) designed for inexperienced users in data analysis programming and large dataset management.
This software includes useful features for processing data (e.g., outlier elimination), basic descriptive
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Procedure

statistics and calculations (e.g., repeatability; REP), as well as data visualisation and reporting at different
levels (i.e., herd, animal, treatment) and different time intervals (e.g., hour, day). These descriptive sum-
maries provide valuable insights into which subsequent statistical analyses may be appropriate. To illus-
trate the functionality of GreenDA, we utilised data collected from 53 cows over a 105-day period using
two GreenFeed®. Animals were assigned to a 2 x 2 factorial design with two factors, including diet

Ruminant (Treatment 1) and breed (Treatment 2). After preprocessing the dataset using the default settings of
GreenDA, 124 out of 19 749 records were identified as outliers and subsequently removed. The CH4 emis-
sion data followed a normal distribution, and REP reached a plateau in 7 days per subgroup (REP = 0.62).
The CH,4 emission kinetics closely mirrored the intake pattern, which was not affected by treatment. The
total number of visits peaked at 0100 h and reached its lowest point at 0200 h; however, this daily pat-
tern differed between treatments. All of these analyses were conducted according to the analysis guide-
lines provided with GreenDA. GreenDA not only analyses large data sets collected by the GreenFeed® but
also provides the scientific community with comprehensive guidance for optimising analyses.
© 2026 The Author(s). Published by Elsevier B.V. on behalf of The animal Consortium. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Data format Data are presented in Excel files from C-
Lock, including a ReadMe sheet which
describes the different variables and a
sheet with the animal’s treatment

information.

GreenFeed® data were collected in an
experimental farm. The variables were
animal identification, machine
identification, visit time, visit duration,
hour of day, gas fluxes, airflow,
treatment 1, and treatment 2.

Parameters for
data collection

GreenFeed® data were collected in real
time with two machines from 53 cows
during 105 days. Animals were used in a
2 x 2 factorial design with two levels in
each factor, including diet (Treatment 1)
and breed (Treatment 2).

INRAE UE Herbipdle, 63820 Laqueuille,
France

45.637672, 2.745514
https://doi.org/10.15454/1.
5572318050509348E12

Repository name: Data.gouv

URL: https://www.data.gouv.
fr/datasets/greenfeed-result-data-set-
generated-from-bovine-experiment/

Description of
data collection

Data source
location

Data accessibility

Related research There is no related research article.

article

Introduction

In response to growing global concerns about climate change
and decarbonisation, research efforts in the livestock sector, partic-
ularly in ruminants, have increasingly focused on identifying effec-
tive strategies to mitigate enteric methane (CH4) emissions
(Beauchemin et al., 2020; Roques et al., 2024). For this purpose,
it is essential to quantify enteric CH4 emissions accurately. The res-
piration chamber method has long been regarded as the gold stan-
dard; however, it presents several limitations related to cost,
labour intensity, and the low number of animals that can be mea-
sured simultaneously (Bhatta et al., 2007; Hristov et al., 2015;
Tedeschi et al., 2022). Thus, alternative methods to quantify indi-
vidual CH4 emissions such as the head box chamber (Kelly et al.,
1994; Odongo et al., 2008) and sulphur hexafluoride tracer gas
(Zimmerman, 1993; Johnson et al., 1994) have been developed.
In response to this trend, C-Lock Inc. (Rapid City, SD, USA) devel-
oped the GreenFeed® (GF), a modified open-circuit respiration
chamber and head box system, that collects gases emission (i.e.,
CH,4, carbon dioxide (CO,), hydrogen (H,)) or consumption (i.e.,
oxygen (03)) by animals for 24-h while feed consumption at dis-
crete visits to the unit (Hristov et al., 2015; Jonker et al., 2016;
Doreau et al., 2018). This system is one of the powerful tools for
measuring individual CH, emission in large and small ruminants
without restricting animal behaviour; it has been used in various
environments, not only in confined systems but also in grazing sys-
tems (Waghorn et al., 2016). As a result, more than 900 units have
been exported to 48 countries since 2011 (C-Lock, personal com-
munication). However, the GF records in real time different types
of data from different sensors (i.e., gas concentrations such as
CO,, CHy, Hy, O, air flow, visit duration, animal identification,
etc.) at each individual visit, making it difficult to analyse collected
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datasets. To address this, Martinez-Boggio et al. (2025) developed
an R package called greenfeedr, which processes the data and gen-
erates reports. This package enables users to load data files directly
from the C-Lock server and provides functionalities such as outlier
removal, basic report generation, and simple descriptive statistics.
Nevertheless, its use assumes familiarity with GF data and basic
proficiency in the R statistical environment. Therefore, we aimed
to develop a user-friendly analysis program that guides all GF users
(experienced or novices) without R programming skills to manage
large GF datasets easily.

Material and methods
GreenDA development

GreenDA development was based on the Shiny app framework
in R (Cheng, 2012). The standalone program was created using
DesktopDeployR (Lee, 2016), which embeds R-portable (R version
4.2; Redd, 2022) within the application along with the required R
packages: chron, dplyr, DT, ggplot2, Ime4, openxlsx, plotly, psych,
readxl, shiny, shinyjs, shinyWidgets, and tibble. As a result, it
comes prepackaged with all necessary dependencies, requiring
no additional installation steps beyond installing the program
itself. Detailed instructions for using all functions are provided
within the integrated software manual. The schema of our applica-
tion is presented in Fig. 1.

Data file preparation

We strongly recommend using the validated final data file from
C-Lock®. This step involves removing data from sick animals, mal-
functioning machines, and adaptation periods of the animals to the
experimental conditions (e.g., diets, GF machines). These data must
be deleted from the data file before uploading to GreenDA.

Data processing

Outlier elimination is considered the first step in data analysis
(Sauvant et al., 2008).

Outlier elimination based on airflow

If the airflow is below a threshold, the unit may not capture
enough of the animal’s breath, which can result in an underestima-
tion of gas flux. Therefore, GreenDA incorporates a function to
exclude data based on an airflow criterion. Following the method
described by Gunter et al. (2017) for large ruminants, the default
threshold is set to 26 L/s, and all data recorded below this airflow
are removed. This threshold can be adjusted by the user.

Outlier elimination based on visit duration

In the C-Lock algorithm, data recorded for less than 2 min are
excluded to ensure the capture of at least one eructation event dur-
ing the measurement time. Therefore, GreenDA, along with the C-
Lock algorithm, defines 2 min (120 s) as the baseline visit duration.
This duration can be adjusted to be longer than two minutes,
depending on the user.

Outlier elimination according to the statistical approach

There are various methods available to identify and eliminate
extreme values. Among these, our application implements three
elimination methods: (1) one method based on SD, and (2) two
methods based on correlation between CO, and CHy.

The first method for outlier removal based on the SD, assuming
normal distribution, considers that any values falling outside the
range of the overall mean + the specified SD threshold are outliers,
which are then excluded from the dataset.
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Fig. 1. Workflow of GreenDA for GreenFeed® data analysis. In the statistical approach, (a) the SD-based method, values that deviate from the mean by more than + SD
(default: 3 SD) are considered to be outliers and are removed, (b) The correlation-based method follows the approach of Arbre et al. (2016) and Coppa et al. (2021), where
regression equations between carbon dioxide and methane (CH,4) are established, (c) Descriptive statistics include the average and variation of gas flux, as well as the total
number of visits, number of animals, and number of visits per animal. Hourly-based statistics additionally include the sum of visit durations.

OUT = {x; e X|x; < u— ko orx; > u+ ko}

where OUT is the set of outliers, x; denotes the ith measurement of
gas flux, X is the set of all observed gas flux points, p is the arith-
metic mean of X, k is the user-defined multiplier for the SD used
to determine the threshold (default: 3), and o is the SD of X.

The second method used for outlier elimination in GreenDA is
based on the significant correlation between CO, and CH, fluxes
according to the approach of (1) Arbre et al. (2016) and (2)
Coppa et al. (2021). Arbre et al. (2016) proposed a method to
remove data points that deviate significantly from the regression
line between CO, and CH,4. The Pearson correlation coefficient (r)
between CH4* and CO,* was calculated and used in the outlier
detection criterion.

_abs(CH; —CO;)

dist
V2

with CHZ = (CH4 — MeanCH4)/SDCH4 and CO; = (COZ — Meancoz)/
SDco,. If dist > 3 x +/1—r, where r is the correlation coefficient
between CH, and COj3, the data points are considered as outliers.
Coppa et al. (2021) proposed an outlier detection method based
on a simple linear regression equation between CO, and CH, fluxes.
Specifically, regression equations are constructed to predict CO,
from CH,4 and vice versa using observed data. Based on these equa-
tions, predicted values for CO, and CH, are calculated, and residuals
are obtained by subtracting the predicted values from the observed
values. The SD of the residuals of both CO, and CH, is then com-
puted. A data point is considered an outlier if the absolute value
of either residual divided by its corresponding SD exceeds 3
(15| > 3),

In GreenDA, three of the outlier elimination methods are appli-
cable to CH4 and CO, fluxes, and the entire data line is discarded if
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an outlier is detected in either CH4 or CO, data. However, for H,
and O, fluxes, only the SD-based outlier removal method can be
applied, and if an outlier is found in either of the 2 gases, only
the specific outlier value is removed.

Diurnal variation adjustment

Individual CH4 emission is depending on the timing of each ani-
mal’s visit to the GF. To prevent potential under- or over-
estimation of individual CH,4 emissions, we applied the method
proposed by Fresco et al. (2023) that accounts for the overall
hourly emission pattern.

yhij:H+H/1+ai+€fj

where yj; is the measured raw CH4 emission for the ith animal at
the hth hour on the jth observation, p is the overall mean of CH,4
emissions of the herd, Hy, is the fixed effect of the hour of the day
(0 to 23 h, 1-h intervals) to account for diurnal variation, g; is the
random effect of ith animal, and e; is the residual error term,
assumed to be normally distributed. The reference time for estimat-
ing the effects of hour of the day was set to the time closest to the
overall herd average. The adjusted CH; measurement was calcu-
lated as:

adeH4mj = yhU - Hh

where adfCH44,,,-, is the adjusted CH4 emission for the ith animal at
the hth hour on the jth observation.

Data filtration

Once data cleaning is completed, users can select the specific
datasets for subsequent analysis. This selection includes the animal
list, the GF machine list, and the date range, all of which are auto-
matically generated based on the uploaded file. Users may exclude
specific animals or machines, and they can also define a continuous
date range to be included in the analysis. However, any problem-
atic data should have been processed before this step. This step
is intended for cases where the data itself are valid, but filtering
is desired (e.g., analysis by specific GF machines). In particular,
when selecting the date range, users can check both the total dura-
tion of data and the number of days per subgroup used for repeata-
bility (REP) calculation (i.e., divider). If REP estimation is desired,
the selected date range should be adjusted to ensure that the num-
ber of dividers is at least two.

Analysis and report

Enteric methane data distribution

The user can check the distribution graph of enteric methane
data. The distribution graph is available for the entire dataset as
well as for each treatment.

Repeatability calculation of enteric methane data

To calculate the REP of CHy, the total duration of the experiment
will be regrouped into multiple subgroups of equal length of day
(Fig. 2). GreenDA automatically computes all feasible subgroups
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based on the user-defined date range by grouping together the
lines corresponding to consecutive days. For example, if the total
experimental duration is 10 days, the possible subgroup lengths
include 1 day/subgroup (ten subgroups), 2 days/subgroup (five
subgroups), and 5 days/subgroup (two subgroups).

In GreenDA, we estimated the REP for each subgroup using the
following model with the Ime4 package in R (Bates et al., 2015):

Yig = M+ P+ a; + e

where yj; is the average CH,4 emission for animal i in subgroup k at
replicate j, u the overall mean, Py ~ N(0, 63) the random subgroup
effect of the subgroup k with o2 the subgroup variance,
a; ~ N(0, ) the random animal effect with ¢ the animal vari-
ance, e; ~ N(0, o2) the random residual effect and c? the residual
variance.

If the inclusion of an additional fixed effect in the REP estima-
tion is desired, this can be achieved by defining the contemporary
group within the application. The contemporary group is defined
as the subset of the herd subject to the same treatment or environ-
mental conditions. Accordingly, when the objective is to account
for treatment effects in the calculation of REP, the treatment
should be specified as the contemporary group. So, when an addi-
tional fixed effect is included in Bates et al. (2015) model, the equa-
tion is as follows:

Yig = H+Ti+Pe+ai+ e

where T, is the fixed effect of the contemporary group L
The REP was estimated according to the following formula:

S

repeatability = ———% ——
P y G2 + G} + G2

Daily kinetic analysis (herd, animal, and treatment level)

GreenDA allows daily kinetic analysis for the number of visits
and daily CH4 emissions. The total number of visits is calculated
for each 1-h interval of the day between 0 and 23 h. Average CH,
emissions and their variation (SD or SEM) across the day can also
be calculated. If the user performed diurnal variation adjustment,
the user can check the smoothed CH,4 kinetic results through the
adjusted graph.

Descriptive statistics (herd, animal, and treatment level)

GreenDA provides basic descriptive statistics to support further
analyses. Data can be aggregated by whole experimental period,
day, hour, hour within each day, or REP subgroup. For each analy-
sis, the average and SD of gas fluxes (i.e., CO,, CHy, adjCHy4, Hy, and
0,), along with the number of visits, number of animals, and num-
ber of visits per animal, are provided. Additionally, visit duration is
included in the hourly analysis and hourly within-the-day analysis.

Demonstration of GreenDA functioning with a bovine case study

A total of 56 bovines from an experimental farm were pheno-
typed indoors for their CH4 emissions over a 105-day period during

Days/subgroup Subgroup
Daily statistii
MLYatarREG 1 12]s|a]s|e]|7]8]s |10
Repeatability subgroup 2 1 2 3 4 5
based statistics
5 1 | 2
Whole period statistics 10 1

Fig. 2. Time scale for repeatability calculation and descriptive statistics.
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the winter of 2024 using two GF. The study was conducted accord-
ing to a 2 x 2 factorial design comprising two diets without addi-
tives (A and B; treatment 1) and two suckling cow breeds (C and
D; Treatment 2). Animals were raised in free-stall and fed forage-
based diets distributed once daily at 0830 h as ad libitum. Three
animals exhibiting feed intake problems were excluded from the
example dataset analysis (n = 53).

Two GF machines (GF 111 and GF 112) provided bait to attract
animals to visit GF and were calibrated to distribute 6 drops of 40 g
every 30 s per animal and per visit at minimum 3-h intervals (i.e.,
1 920 g maximum of concentrate delivered per day and per cow).
In total, 19 749 measurements were obtained, with an average of
3.5 = 1.18 visits per day per animal. The animals stayed at the
machine for an average of 3 min 11 s (£ 41 s).

The dataset used in this article to demonstrate the functionality
of GreenDA did not influence the development of its functions.
Therefore, GreenDA can be applied to analyse other datasets with-
out limitation, including those generated from experimental
designs different from the one used in this study.

Results
Data processing

In our dataset, a total of 33 records (0.17%) were obtained at an
airflow below 26 L/s, with no significant differences in CO, and CH,4
fluxes between measurements recorded below and above this
threshold (Table 1). But with an airflow below 27 L/s, 131 records
(0.66%) were recorded, and significant differences were observed
in CO, and CHy4 fluxes (Table 1). The three methods of outlier elim-
ination according to the statistical approach, included in GreenDA,
were applied to our dataset cleaned with airflow (26 L/s) and visit
duration (2 min). A total of 91 records (0.5%) were removed based
on the 3 SD criterion, 104 records (0.5%) according to the Arbre
et al. (2016) method, and 170 records (0.9%) according to the
Coppa et al. (2021) method. In our dataset, the R? between CO,
and CH4 fluxes was 0.47 (P < 0.01). The results of the completed
diurnal correction can be found in the adjusted CH,4 results of
CH4 kinetics (Fig. 3).

Analysis and reports

Both graphs from the entire dataset and from each treatment
showed a normal enteric CH, distribution shape (Fig. 4). The data-
set collected over a 105-day period was subdivided into subgroups
of 1, 3,5, 7,15, 21, and 35 days to calculate REP. As the number of
days per period increases, variation among subgroups decreases,
resulting in a tendency for REP to increase until reaching a plateau
(Fig. 5; 0.62 at 7 days/subgroup). The kinetics of the total number
of visits enables a visual assessment of temporal patterns in animal
visit behaviour, revealing periods of high and low activity (Fig. 6;
Supplementary Figure S1). In our dataset, the CH, emission pattern
showed a sharp increase at 0900 and 1600 h (Fig. 3). Additionally,
this daily pattern, unlike the visit pattern, did not show differences
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according to treatments (Supplementary Figure S2). Descriptive
statistics were provided for the entire dataset across five-time
scales (i.e., whole period, daily, hourly, hourly within the day,
and REP subgroup periodically) and five grouping criteria (entire,
by animal, by treatment 1, by treatment 2, and by treatment
1 x treatment 2). The corresponding output files can be found in
Supplementary Material S1.

Author’s points of view
Data processing

Outlier elimination based on airflow

Data collected at an airflow of 20 L/s or less for large ruminants
are excluded during C-Lock’s data preprocessing procedure (C-
Lock, personal communication). Gunter et al. (2017) reported that
CO, and CH; emission estimates decreased as airflow rate
decreased below 26 L/s for large ruminants in a GF. In contrast,
McGinn et al. (2021) and Christodoulou et al. (2025) proposed
exclusion of data recorded at airflow rates below 27 L/s. So,
although the default airflow threshold of GreenDA is set at 26 L/
s, it can be adjusted to other values (e.g., 27 L/s) depending on
the user’s dataset.

Outlier elimination based on visit duration

Most of the gases emitted through respiration consist of CO,,
whereas CHy, is primarily released in the form of eructation events
occurring at 1- to 2-minute intervals (Van Soest, 1982). Thus, a
minimum visit duration is required to ensure that at least one
eructation event is captured while the animal is at the machine.
In GreenDA, a default threshold of visit duration is 2 min for data
cleaning in alignment with C-Lock’s algorithm, but this value could
be adjusted based on the user’s experimental design. The fre-
quency of eructation per minute varies depending on factors such
as cattle breed, physiological stage, and diet (Garnsworthy et al.,
2012; Velazco et al., 2016; Bell et al., 2018). Nevertheless, it has
been reported that setting the visit duration threshold at 3 min,
rather than 2 min, generally requires fewer data points to reach
the desired level of REP (Arthur et al., 2017; Beck et al., 2024). In
our dataset, when we applied 3 min threshold, we deleted 40% of
the total records. Thus, this threshold should be determined
according to the experimental design and dataset. For instance,
in an upland grazing system where the number of data points is
limited compared to indoors (Bouchon et al., 2024), discarding vis-
its shorter than 3 min may be problematic, as a considerable pro-
portion of the records could fall below this threshold.

Outlier elimination according to a statistical approach

The removal of outliers based on the 3 SD is a commonly used
approach in the processing of ruminant nutrition data (Fischer
et al., 2020; Martinez-Boggio et al., 2025). However, the applied
SD range may vary depending on the study (Cottle et al., 2015;
Renand and Maupetit, 2016). Considering this, a default threshold

-ll).?fl;:ferelces in carbon dioxide (CO,, g/day) and methane (CH,, g/day) fluxes in cattle according to the airflow threshold of the GreenFeed®.
26 L/s! 27 LJs? P-value
Lower Higher SEM Lower Higher SEM 26 L/s 27 L/s
CO, 11 385 11 834 304.0 11 290 11 837 152.9 0.14 <0.01
CHy 413 409 22.3 387 409 9.1 0.85 0.01

T Average gas flux classified as lower (<26 L/s; n = 33) and higher (>26 L/s; n = 19 716) when the optimal airflow criterion was set at 26 L/s.
2 Average gas flux classified as lower (<27 Lfs; n = 131) and higher (>27 L/s; n = 19 618) when the optimal airflow criterion was set at 27 Ls.
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Fig. 3. Average methane (CH,4) emission in cattle across the day: (a) hourly average CH4 emission for the entire herd, (b) hourly average CH4 emission for the entire herd

adjusted for diurnal variation. Time zone refers to the average of data at 1-h intervals.
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Fig. 4. Distribution of methane (CH4) emission data for the entire herd of cattle.

of 3 SD is used in GreenDA, but the value can be adjusted according
to the user’s preference. In addition, particularly when analysing
experimental data using a treatment that may affect CH; emis-
sions, the user must check the dataset distribution in advance,
and if the distribution differs significantly depending on the treat-
ment group, the dataset must be divided for outlier elimination.
The two methods based on correlation are applied under the
assumption that CO, and CH, fluxes exhibit a strong correlation

(Aubry and Yan, 2015). These methods are not the most suitable
for our dataset given the low correlation between CO, and CH,.
Thus, users should be checking the significance of correlation
between the two gases before applying correlation-based methods.
In addition, certain additives may reduce CH, emission without
affecting CO, flux levels (Kim et al., 2020; Melgar et al., 2020).
Therefore, user should select an appropriate elimination method
according to their experimental conditions.
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Fig. 5. Repeatability of methane emission in cattle during the experimental period (105 days) divided into several subgroups.
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Fig. 6. Total number of visits across the day for the entire herd of cattle. Time zone refers to the average of data at 1-h intervals.

Diurnal variation adjustment

Recently, several studies have suggested the necessity of con-
sidering diurnal variation when analysing gas flux data from the
GF (Manafiazar et al., 2017; Fresco et al., 2023; Beck et al., 2024).
This diurnal pattern is known to be associated with feeding pat-
terns on the farm. Methane emissions typically increase immedi-
ately after feed allocation and then gradually decline until the
next allocation (Bell et al., 2018; Fresco et al., 2024). It has been
reported that adjusting for such variation can improve model per-
formance in estimating daily CH4 emissions (Fresco et al., 2024).

But for the diurnal correction to function effectively, it is neces-
sary to have a distribution of visits throughout the day at the herd
level. Although more recent models, such as that proposed by
Fresco et al. (2024), incorporate farm-level effects, GreenDA
assumes that datasets from different farms should be analysed
separately. Therefore, GreenDA does not consider farm effect.

Analysis and reports

Repeatability calculation

When animal biological data are collected over multiple days,
REP reflects the consistency of repeated measurements within
the same animal (Wolak et al., 2012; MacNeil and Waterman,
2025). Thus, in CH,4 data analysis using GF, calculating REP is one
of the essential steps to determine the minimum number of days
required to ensure robust data. Users can identify the point at
which REP reaches a stable plateau through the graphical output,
thereby determining when the data become stabilised. However,
if there are few visit points during the experimental period or

the variation of the data fluctuates greatly, there are cases where
a plateau is not reached. High REP does not necessarily prove data
accuracy, but if REP is low or unstable, results should be inter-
preted with caution, taking into account within-animal variation.
It is important to note that, for REP calculations, it is also important
to have data points for every possible date for each animal. Other-
wise, differences in residual variance may occur, which could lead
to misinterpretation of the data.

Daily kinetic analysis (herd, animal, and treatment level)

Using the GF, it is important to verify that the daily kinetics of
CH,4 emission are related to the intake pattern, as is the case in
our dataset (data not shown). Examining the patterns of CH, emis-
sion and visit frequency is particularly essential in studies using
feed additives. In particular, when using GF, evaluating the kinetic
patterns is essential in studies involving compounds that specially
suppress CH4 emission following major feeding events (e.g. nitrate
and 3-nitrooxypropanol). If the visit patterns do not align with the
intake pattern, CH, emissions may be over- or under-estimated
(Doreau et al., 2018).

Conclusion

We have developed an R-based user-friendly software tool,
GreenDA, for analysis of large datasets generated by automated
head chamber systems such as GreenFeed®. This software includes
different functionalities for preprocessing data, basic descriptive
statistics and calculations, as well as data visualisation. In addition,
GreenDA provides a useful procedure for the scientific community
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to analyse datasets collected with the GreenFeed®. GreenDA is
freely available and will be continuously improved based on feed-
back from GreenFeed® users. In addition, although the software
was designed to be broadly applicable across all ruminant species,
its functionality for small ruminants could not be validated due to
the lack of available datasets. Thus, we were unable to test its per-
formance in small ruminants or propose appropriate default
parameter values for their use. This will be evaluated once addi-
tional data become available.

Peer Review Summary and Supplementary material

Peer Review Summary and Supplementary material for this
article (https://doi.org/10.1016/j.anopes.2026.100151) can be
found at the foot of the online page, in Appendix A.
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