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RESUMO 
 

Swine farming is an activity that demands high water availability, being a cause for 
concern due to the current growing need for savings and rational use of water in 
production chains. The adoption of sustainable technologies that mitigate the impacts 
caused in the final disposal of solid and liquid waste from swine activities is essential. 
The present study evaluated the potential for generating biogas and carbon credits from 
“Oriente”, a swine farm at the Maranhão mesoregion, proposing a biodigester model, 
as well as the costs of its implementation, and the economic analysis of this project. It 
was evidenced the total of 250 animals generate an average of 5.45 m³ of manure/day. 
Followed by Volatile Solids (VS) analysis that resulted in an average 309 gVS/L. The 
Indian biodigester project applied to swine residues treatment demanded 200 m³ 
volume capacity. Furthermore, methanogenic potential (PrM) of the biodigester was 
estimated as 624 m³/day based on the mass balance of the organic matter measured 
using volatile solid analyses, resulting in a 4028 KWh/day energy production potential. 
The carbon capture potential (Mo) of 510 tonCO2/year was priced in R$ R$13260.00 at 
carbon credits market. Assessment of Nitrogen composition of the residue resulted in 
an average of 5.5 gN/kg of sludge, evidencing suitability to C:N ratio for biodigestion 
as well as biofertilizer further use. Economic feasibility analyses was done with energy 
gains and the Payback would take 32 days. 
 
Keywords: biodigestion; swine manure; biomethane; carbon capture; biofertilizer. 
 
ABSTRACT 
 
A suinocultura é uma atividade que demanda elevada disponibilidade hídrica, sendo 
motivo de preocupação devido à atual necessidade crescente de economia e uso racional 
da água nas cadeias produtivas. A adoção de tecnologias sustentáveis que mitiguem os 
impactos causados na disposição final dos resíduos sólidos e líquidos da atividade 
suinícola é essencial. O presente estudo avaliou o potencial de geração de biogás e 
créditos de carbono da Fazenda “Oriente”, uma granja de suínos localizada na 
mesorregião do Maranhão, propondo um modelo de biodigestor, bem como os custos 
de sua implantação, e a análise econômica deste projeto. Evidenciou-se que um total de 
250 animais geram em média 5,45 m³ de dejetos/dia. Seguido pela análise de Sólidos 
Voláteis (VS) que resultou em uma média de 309 gVS/L. O projeto indiano de 
biodigestor aplicado ao tratamento de resíduos suínos exigiu capacidade volumétrica 
de 200 m³. Além disso, o potencial metanogênico (PrM) do biodigestor foi estimado 
em 624 m³/dia com base no balanço de massa da matéria orgânica medido por meio de 
análises de sólidos voláteis, resultando em um potencial de produção de energia de 
4.028 KWh/dia. O potencial de captura de carbono (Mo) de 510 tonCO2/ano foi 
precificado em R$ R$ 13.260,00 no mercado de créditos de carbono. A avaliação da 
composição de nitrogênio do resíduo resultou em uma média de 5,5 gN/kg de lodo, 
evidenciando adequação à relação C:N para biodigestão, bem como para uso posterior 
de biofertilizante. Foram feitas análises de viabilidade econômica com ganhos de 
energia e o Payback levaria 32 dias. 
 
Palavras-chave: biodigestão; esterco de suínos; biometano; captura de carbono; 
biofertilizante.
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1.Introduction 
   

Swine production sector has been growing in Brazilian scenario, currently the 
country is considered the 4th largest producer of pork in the world, with approximately 
41.3 million heads per year (ABPA, 2017, USDA, 2024). During pork production 
process significant quantities of solid and liquid waste are generated, coming from 
manure, urine, drinking fountains, scraping, cleaning of stalls, cages and other facilities 
on the swine farm (DE LUCA and HUSSAR, 2017). 
 Swine farming is an activity that demands high water availability, being a cause 
for concern due to growing need for savings and rational use of water in production 
chains (ITO et al., 2016). It is estimated that the daily consumption of a pig in a full-
cycle conventional production system is 72.9 L/animal/day (FATMA, 2014), so the 
volume of water consumed by the animals has a direct relationship with the amount of 
waste generated during production. On average, an adult pig produces 0.27 m³ of 
waste/month. Sows in the lactation period can generate 18kg/day and produce 27 L of 
liquid waste/day (FERNANDES, 2012). The waste contains components with high 
agronomic and polluting potential such as Nitrogen (N), Phosphorus (P) and Heavy 
Metals such as Zinc (Zn) and Copper (Cu), which, when not properly managed, can 
damage the environment and human health. 
 Pig manure contains ammonium carbamate (H2NCOONH4) which dissociate 
into gases rich in ammonia (NH3) and carbon dioxide (CO2) (LOPES et al., 2016). In 
addition to these, Nitrous Oxide (N2O), Nitrogen (N2) and Ammonia (NH3) are 
generated from the decomposition of waste and are among the main gases causing the 
greenhouse effect (ITO et al., 2016). 
 In this matter, swine farming waste release causes eutrophication and 
nitrification of soil, in addition to eutrophication of water. Then, adoption of sustainable 
technologies that mitigate the impacts caused in the final disposal of solid and liquid 
waste from swine activities is essential. The implementation of anaerobic biodigesters 
is a viable and promising alternative to adequate animal waste treatment allied with 
renewable energy production (ALBUQUERQUE, 2022). It is an easy-to-implement 
technology, in which waste is subjected to a decomposition process in an environment 
without oxygen (anaerobiosis), generating a final product composed mainly of methane 
(CH4) and carbon dioxide (CO2), transforming the organic matter generated by animals 
into alternative energy such as natural gas (biogas) and biofertilizers. Various types of 
waste can be used in biodigesters: pigs, cattle, goats, poultry, therefore it can attend 
different types of rural producers (COLDEBELLA et al., 2006). 
 Furthermore, the adoption of an anaerobic system reduces the emission of 
methane into the atmosphere, which is considered an extremely polluting gas, being 
responsible for around 20% of global warming on the planet (CENBIO, 2008). Another 
positive aspect of this technology is the possibility of generating revenue through the 
sale of carbon credits resulting from the non-release of greenhouse gases into the 
atmosphere (MONTEIRO et al., 2015). Therefore, the use of biodigesters on rural 
properties and its consequent energy production combined with the sale of carbon 
credits can increase the income of rural producers, promoting greater sustainability in 
animal production and environmental conservation. 
 The present study evaluated the potential for generating biogas and carbon 
credits from a swine farm at the Maranhão mesoregion, proposing a biodigester model, 
as well as the costs of its implementation, and the economic analysis of this project. 
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2. Material and Methods 
 This is an exploratory descriptive study with a quantitative approach and 
qualitative bias as recommended by SHITSUKA, PARREIRA AND SHITSUKA 
(2018). The study was developed in six stages:  
� Stage I - Indian biodigester project applied to swine residues treatment; 
� Stage II - Methanogenic potential of the biodigester was estimated based on the mass 
balance of the organic matter measured using volatile solid analyses of the Oriente Farm 
collected samples; 
� Stage III – Energy potential was estimated using Stage II method of biogas 
production; 
� Stage IV - Carbon capture potential was priced in the carbon credits market; 
� Stage V - Kjeldahl Nitrogen and agronomic potential of biodigester sludge was 
assessed; 
�Stage VI - Economic feasibility analyses was realized. 
 

2.1. Swine farm characterization 

The manure samples were collected in the rural establishment Oriente Farm, 
(5°02'28.7"S 44°29' 3 6.6"W), located in the municipality of Dom Pedro - central 
mesoregion of Maranhão State - Brazilian northeast (Figure 1). 

 
Figure 1. Oriente Farm locality 

 
 
The feed offered to the pigs is produced on the property, which has mixers, a 

corn grain crusher and a threshing machine. Animal feed composition is described in 
Table 1.  

Table 1. 500 kg of Oriente Farm animal feed composition 

Component Quantity (kg) 

Corn 360 
Soybean meal 50 
Babaçu meal 100 

Nucleus* 12.5 
Salt (NaCl) 1 

Supplement** 1 
*Combination of highly digestible fat, protein and lactose 
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**Combination of Mineral, Vitamin and Amino acid 
 Waste composition used to calculate waste production average value was based 
on Oliveira 2003 study. The farm has a rotation of 250 animals belonging to the Pietrain 
and Piau breed, swine herd is described at Table 2. Piglets are sold at the “Só Suinos” 
local butcher shop and confined production system was adopted by the property. The 
construction site has two masonry sheds, equipped with pacifiers to animals watering. 
 

Table 2. Average waste in different phases of production on swine farms 
(Oliveira 2003) applied to Oriente Farm swine herd 

Category Quantity Waste production 
(m³/animal . day) 

Waste production 
(m³/day) 

Swine (25 - 100 kg) 155 0.0270 4.1850 
Pregnant sows 30 0.0162 0.4860 

Sows and piglets 27 0.0270 0.7290 
Nursery piglets 38 0.0014 0.0532 

   Total: 5.4532 
 
2.2. Indian biodigester project 

According to FONSECA et al. (2009), for the appropriate dimensioning of the 
biodigester capacity, it is possible to use a practical calculation method (Equation I), as 
long as the daily load of organic matter placed in the digester and the retention time are 
considered: 

VB=VC x TRH     (Equation I) 
Where, 
VB = biodigester volume (m³); 
VC = daily afluent rate (organic matter + water ) (m³/day), 
TRH = hydraulic retention time (days). 
 
 The implementation of a continuous flow Indian model biodigester will be 
proposed, taking into account the large volume of organic matter load from swine 
activity. The Indian model biodigester can be described as a vertical cylinder, built with 
bricks and internally coated with waterproofing cement, with a longitudinal wall that 
divides it into two chambers. In one of these chambers, the biomass inlet tube is 
connected, and in the other, the outlet tube. This biodigester is characterized by having 
a floating bell as a gasometer made of steel sheet (NISHIMURA, 2009). 
 The Indian biodigester has its dome generally made of iron or fiber. The 
fermentation process is accelerated, as it takes advantage of the soil temperature, which 
varies little, favoring the action of bacteria. It also takes up little space and, as the 
construction is underground, it does not require the use of reinforcements, such as 
concrete straps. 
 

2.3. Specific biogas production potential using volatile solids analyses 

Five samples of swine waste were collected at Oriente Farm to realize solid 
concentration analyses and determine biogas potential of this specific residues. Samples 
identifications are described in Table 3. 
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Table 3. Identification of swine residues samples collected at Oriente Farm 

Sample Identification 
1 Collected from pregnant sows 
2 Collected from male swine – Pietran breed 
3 Collected from general swines category 
4 Mixture of samples 1, 2 and 3 
5 Collected from old sludge mixture disposed in soil 

 
Estimating the amount of gas from the reduced volatile solids (VS) 

concentration is a widely used method. The VS concentration varies according to the 
substrate, whether vegetable or animal, VS content in dairy cattle is 33.17% of fixed 
solids (Amaral et al., 2004). Thus, one ton of volatile solids is capable of producing an 
average of 400 m³ of CH4 (Bahr et al., 2006). The concentration of total volatile solids 
in the biodigester influent was measured according to APHA, 2012 and analyses was 
realized at Soil Laboratory and Maranhao State University (UEMA). 

Potential daily biomethane production was estimated using KUNZ AND 
OLIVEIRA (2006) methodology. Which involves the maximum production capacity of 
methane and volatile solids (respectively, B0 and VS) and the volume of waste produced 
daily, according to Equation II. The values for maximum theoretical methane 
production capacity used on this study (B0 = 0.37 m³ of CH4/kg) was obtained from 
CIbiogás – ER (2015). 

PrM = B0 x VS x Q     (Equation II) 
Where, 
PrM = Methane production (m³/day);  
B0 = Theorical maximum capacity of methane production from swine residues (m³/kg); 
VS = Volatile solids concentration (g/L); 
Q = total volume of waste produced (m³/day). 
 
 Additionally, using the conversion parameter of C°≈1,67 

it was also possible to estimate the biodigester Biogas 

Production (PrB) as described in Equation III (KUNZ AND 

OLIVEIRA, 2006): 
PrB = PrM x C°     (Equation III) 

Where, 
PrB = biogas production (m³/day); 
PrM = Methane production (m³/day);  
C° = Conversion coefficient (≈1,67). 
 
2.4. Energy generation potential of biogas 

 Energy generation potential of biogas is approximately 6.45 KWh/m³ and for 
treated gases this value rises to 9.50 KWh/m³ (COLDEBELLA et al., 2008). To obtain 
the energy potential of biogas Equation IV was used: 

E = MG x 6.45     (Equation IV) 
Where, 
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MG = CH4 generated in the biodigester (m³/day); 
E = Energy generation potential (KWh). 
 

 Furthermore, considering the price of KW/h in Maranhao State of R$ 0.56091 
(Equatorial, 2019). In this matter, the money saved from energy cost reduction was 
estimated according to Equation V, as follows: 

EE = E x 0.56091     (Equation V) 
Where, 

EE = Energy saving (R$); 
E = Energy produced by biodigester (KWh/m³). 
 

2.5. Carbon credits sale potential 

 Carbon credit sales was estimated in accordance with BRAZIL 14590/2023 and 
the international stock market. In addition to the biodigester, the sale of credits that can 
be added when using the legal reserve that maintains vegetation in the transition area 
between Cerrado, Legal Amazon and Caatinga was also calculated. 
 The new quantitative model to estimate carbon credits in Brazilian swine 
farming was obtained using simple linear regression techniques and the physical ideal 
gas model of the Boyle and Gay-Lussac laws, which allowed the temperature and 
average pressure of the location to be taken into account. Thus, the following equation 
was obtained as a result, considering the climatic peculiarities of Brazilian northeast 
region. It is clear that Equation VI incorporates the principle of parsimony, since it use 
only three decision variables, two of which are related to the region's climatic 
conditions and easy monitoring (Duarte e Vieira, 2014).  

Mo = 90.7 x (Qe x P1/T1) (Equation VI) 
Where, 
Mo = Carbon dioxide (ton/year); 
Qe = Swine farm waste production (kg/day);  
P1 = Atmospheric pressure (atm); 
T1 = Temperature (K). 
 

2.6. Kjeldahl Nitrogen and agronomic potential of biodigester sludge 

 The concentration of total Kjeldahl Nitrogen in the biodigester influent was 
measured according to APHA, 2012 and analyses was realized at Soil Laboratory and 
Maranhao State University (UEMA). 
 
2.7. Economic feasibility 

 The economic analysis consisted of all expenses involved in initial investment, 
operation and maintenance estimation. Payback means return on investment, that is, 
how long it will take for the initially invested capital to be recovered. Payback was 
calculated for energy gains as described by Equation VII. 

PB = II/ΣFCyear     (Equation VII) 
Where, II = Initial investment (R$) and FC = cash flow per year (R$). 
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3. Results and discussion 
 
3.1. Indian biodigester project 

 In order to dimension the biodigester capacity, the practical calculation method 
was used (FONSECA et al. 2009), based on the organic matter load placed in the 
digester of 5.4532 m³/day (Table 2) multiplied by the retention time hydraulic system 
for 35 days reaching the required volume of 190,863 m³. Which, for security reasons, 
was approximated to a total volume capacity of 200 m³. 

VB = VC * TRH = 5.4532 m³/day * 35 days = 190.863 m³ ≅ 200 m³ 
 
3.2. Specific biogas production potential using volatile solids analyses 

 The composition of swine manure varies depending on the amount of water used 
in the facilities, type of food and age of the animals, with the most complete 
composition of liquid waste being in the growing and finishing phase (Tobias, 2002). 
The average solids concentration obtained in the samples collected at Oriente Farm are 
described in Table 5. The percentage of organic matter in total solids of swine manure 
ranged from 55 to 93%. It is important to highlight that the lower concentration of 
carbonaceous matter in sample 5 was expected, as it is an old residue that besides partial 
degradation, also suffered contamination from other sources when disposed in the soil. 
Furthermore, the highest concentration of carbonaceous matter was obtained in sample 
2, collected from breeding male animals. In general, the average of 78% carbonaceous 
matter of the residue indicates a satisfactory concentration to carry out the biodigestion 
of this type of substrate (MITO et al., 2018). 
 

Table 5 – Total and Volatile Solids results from swine residues samples 
collected at Oriente Farm 

Sample 
Total Solids -TS 

(g/L) 
Volatile Solids – VS 

(g/L) 
Volatile Solids – VS 

(%) 
1 379.67 312.33 82.26 
2 418.00 391.00 93.54 
3 397.00 286.67 72.21 
4 390.67 335.67 85.92 
5 401.67 222.00 55.27 

Average 397 ± 14 309 ± 62 78 ± 15 
 

 Using the average of 309 g/L of VS described on Table 5, average daily 
production of methane by the Indian biodigester was calculated as follows: 
 

PrM = B0xSVxQ = 0.37 m³CH4/kg x 309.5 g/L x 5.4532 m³/day = 624.47 m³/day 
 
 Derived from above estimative and considering that approximately 60% of 
biogas is composed by biomethane, average biogas production (PrB) was also 
estimated:  

PrB = PrM x C° = 624.47 m³/day x 1.67 =  1042.9 m3/day 
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3.3. Energy generation potential of biogas 

 Biogas has a high calorific value and, as it is a complete combustion process, it 
releases a large amount of energy. After eliminating all carbon dioxide, its calorific 
value can reach approximately 12kcal/m3 (Vieira et al., 2016). According to methane 
percentage, the average energy generation potential of biogas from swine manure 
biodigestion is 6.45 KWh/m3 (COLDEBELLA et al., 2008). On this study, with average 
Methane production of 624.47 m³/day, potential energy generation would be 
4027.83 KWh/day. It is important to notice that more accurate values for electricity 
production depend on the generator to be installed and the gas consumption for 
generation (DA SILVA et al., 2021). 

E = MG x 6.45 = 624.47 x 6.45 = 4027.83 KWh/day 
 Furthermore, the estimated reduction in energy bills was obtained multiplying 
the amount of energy produced by the Maranhão KWh price (R$ 0.56091), resulting in 
an estimated revenue of R$ 2259.26 in electrical energy generated. 

EE = E x 0.56091 R$/KWh = 4027.83 KWh/day x 0.56091 R$/KWh = 2259.25 
R$/day 

 
3.4. Carbon credits sale potential 

 Swine farm waste production in kg/year (Qe) was estimated using total waste 
production of 5.4532 m³/day described in Table 2 multiplied by VS average 
concentration described on Table 5 of 309.5 g/L = 309500 g/m³. Therefore, 
 

Qe = 5.4532 m³/day x 309500 g/m³ = 1687765 g/day ≅ 1689 kg/day     (Equation 
VIII) 

 
 The Brazilian National Institute of Meterology (INMET) database was used to 
collect information such as annual average temperature and atmospheric pressure in the 
city of Dom Pedro-Maranhao-Brazil (Table 6). The amount of carbon dioxide not 
released to atmosphere was 186108 tonCO2/year as follows: 

 
Mo = 90.7 x (Qe x P1/T1) = 90.7 x (1689 x 0.999753/300.15) ≅ 510 tCO2/year 

 
Table 6: INMET environmental parameters and volume of carbon dioxide not 

released to atmosphere 
Swines  
(Units) 

Waste 
(kg/day) 

Anual Average Temperature 
(K) 

Pressure 
(atm) 

Mo  
(tCO2/year)  

250 1689 300.15 0.999753 510 
 
 Currently, the average value of a ton of carbon credit according to the Brazilian 
Carbon and Methane Credit Association (Abcarbon) is US$5, around R$26.00 and can 
vary between US$1.20 - 40, in specific circumstances. Therefore, based on the 
estimated values for Mo of 510 tonCO2/year, it amounts to an equivalent R$13260.00 
in credits annually. 
 
3.5. Kjeldahl Nitrogen and agronomic potential of biodigester sludge 

 Nitrogen composition of swine residues was evaluated for two reasons: (a) as it 
influences on biodigestion efficiency such is a macronutrient and (b) the sludge 
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generated after decomposition is a potential biological fertilizer to replace synthetic 
products. Table 7 describes values obtained for Nitrogen concentration on swine 
residues samples collected at Oriente farm. The production of manure per day for the 
Oriente farm was evaluated at ~1690 kg/day (Equation VIII), taking into account that 
for 1 kg of sludge would contain ~5.5 g of Nitrogen, the total waste per day would be 
approximately 9 kg of Nitrogen.  
 
 
 
 
Table 7: Nitrogen concentration on swine residues samples collected at Oriente Farm 

Sample Nitrogen (g/kg) 
1 5.33 
2 5.89 
3 5.39 
4 5.25 
5 0.93 

 
 Swine manure presents 40 to 70% of the total Nitrogen in the ammonium form 
(Scherer et al., 1996). Samples 1,2,3,4, being collected directly from swine bays, 
present high N availability (average 5.5g/kg). A factor associated with higher N values 
is the volume of plant residues that are not digested by the animals, promoting higher 
levels of organic carbon, which in turn imply greater availability of Nitrogen 
(DORTZBACH, et al. 2013).  
 In sample 5, where the manure was collected directly from the soil, Nitrogen 
concentration value was lower (0.93g/kg) when compared to the other four samples 
(5.25-5.89 g/kg). Probably, the Nitrogen, in its ammonia form, was easily lost through 
ammonia volatilization. Furthemore, as an “old” residue, it was susceptible to microbial 
transformations of nitrification and immobilization, increasing possible losses through 
leaching. The volatilization of NH3 has several negative effects on the environment, 
with emphasis on soil and water acidification, eutrophication of water sources and 
indirect emission of nitrous oxide (MORAES et al., 2014). 
 The biofertilizer quality is determined by the amount of organic and inorganic 
matter contained in substrates. Anaerobic microorganisms consume only organic matter 
in the biodigestion process. Inorganic matter, such as nitrogen, becomes available in 
the biodigester, and is converted into ammonium and nitrates, which remain in the 
biodigester until the end of the biodigestion process. Therefore, the biofertilizer has 
ammonium and nitrogen compounds directly available, providing a better rate of 
nitrogen fixation by some soil microorganisms and solubilized nutrients for absorption 
by plants (MUKHUBA et al., 2018). 
 Noteworthy, anaerobic biodigestion effluents as biofertilizer in agricultural 
areas will only be appropriate and/or accepted if health safety is guaranteed. In general, 
the application of biofertilizer must follow the established fundamental principles of 
fertilizer management and soil fertility, for a significant reduction of pathogens, such 
as resolution no. 375/2006 of the National Environmental Council - CONAMA. 
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3.6. Economic feasibility 

 
Table 8 – Indian biodigester implementation costs according to total volume 
(Source: CALZA et al. 2015)  

Capacity (m³) Cost (R$) 
20 5065.70 
40 7099.30 
60 9440.20 
80 11047.90 
100 12486.30 
120 14178.60 

 

 Considering total capacity of 200m³ required by Oriente Farm swine residues, 
as described in item 3.1, the implementation of two Indian biodigesters with a capacity 
of 100 m³ will be suggested, which has an approximate cost of 2*12,486.30 = 24972.60 
~R$25000.00. 
 According to the biogas generation capacity, it was proposed to use a diesel 
cycle motor generator for electrical generation, due to its robustness, lower maintenance 
costs and ease of adaptation to feed with biogas. 
 To calculate the depreciation of this biodigestion and energy generating plant, 
a rate of 10% p.a was applied, in accordance with SRF° Normative instruction no. 162, 
of December 31, 1998. (RECEITA FEDERAL DO BRASIL, 2012). For energy gains, 
according to Simple PayBack, the initial investment for the biodigester and motor 
generator plant takes 32 days. Besides, for discounted PayBack, 35 days. 

4. Conclusion 
 The results obtained highlight that investment in anaerobic biodigestion 
treatment systems for swine waste generates important opportunities for generating 
revenue and increasing the income of rural producers together with the treatment of 
polluting waste through environmental and social benefits. 
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promotes equal opportunities. Authors should ensure their work uses inclusive language throughout and

contains nothing which might imply one individual is superior to another on the grounds of:

age

gender

race

ethnicity

culture

sexual orientation

disability or health condition

We recommend avoiding the use of descriptors about personal attributes unless they are relevant and

valid. Write for gender neutrality with the use of plural nouns ("clinicians, patients/clients") as default.

Wherever possible, avoid using "he, she," or "he/she."

No assumptions should be made about the beliefs of readers and writing should be free from bias,

stereotypes, slang, reference to dominant culture and/or cultural assumptions.

These guidelines are meant as a point of reference to help you identify appropriate language but are by no

means exhaustive or definitive.

Reporting sex- and gender-based analyses
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There is no single, universally agreed-upon set of guidelines for defining sex and gender. We offer the

following guidance:

Sex and gender-based analyses (SGBA) should be integrated into research design when research

involves or pertains to humans, animals or eukaryotic cells. This should be done in accordance with

any requirements set by funders or sponsors and best practices within a field.

Sex and/or gender dimensions of the research should be addressed within the article or declared as a

limitation to the generalizability of the research.

Definitions of sex and/or gender applied should be explicitly stated to enhance the precision, rigor and

reproducibility of the research and to avoid ambiguity or conflation of terms and the constructs to

which they refer.

We advise you to read the Sex and Gender Equity in Research (SAGER) guidelines and the SAGER checklist

(PDF) on the EASE website, which offer systematic approaches to the use of sex and gender information in

study design, data analysis, outcome reporting and research interpretation.

For further information we suggest reading the rationale behind and recommended use of the SAGER

guidelines.

Definitions of sex and/or gender

We ask authors to define how sex and gender have been used in their research and publication. Some

guidance:

Sex generally refers to a set of biological attributes that are associated with physical and physiological

features such as chromosomal genotype, hormonal levels, internal and external anatomy. A binary sex

categorization (male/female) is usually designated at birth ("sex assigned at birth") and is in most cases

based solely on the visible external anatomy of a newborn. In reality, sex categorizations include

people who are intersex/have differences of sex development (DSD).

Gender generally refers to socially constructed roles, behaviors and identities of women, men and

gender-diverse people that occur in a historical and cultural context and may vary across societies and

over time. Gender influences how people view themselves and each other, how they behave and

interact and how power is distributed in society.

Jurisdictional claims
Elsevier respects the decisions taken by its authors as to how they choose to designate territories and

identify their affiliations in their published content. Elsevier’s policy is to take a neutral position with

respect to territorial disputes or jurisdictional claims, including, but not limited to, maps and institutional

affiliations. For journals that Elsevier publishes on behalf of a third party owner, the owner may set its own

policy on these issues.

Maps: Readers should be able to locate any study areas shown within maps using common mapping

platforms. Maps should only show the area actually studied and authors should not include a location

map which displays a larger area than the bounding box of the study area. Authors should add a note

clearly stating that "map lines delineate study areas and do not necessarily depict accepted national

boundaries”.  During the review process, Elsevier’s editors may request authors to change maps if these

guidelines are not followed.

Institutional affiliations: Authors should use either the full, standard title of their institution or the

standard abbreviation of the institutional name so that the institutional name can be independently

verified for research integrity purposes.

Writing and formatting

File format
We ask you to provide editable source files for your entire submission (including figures, tables and text

graphics). Some guidelines:

Save files in an editable format, using the extension .doc/.docx for Word files and .tex for LaTeX files. A

PDF is not an acceptable source file.
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Lay out text in a single-column format.

Use spell-check and grammar-check functions to avoid errors.

We advise you to read our Step-by-step guide to publishing with Elsevier.

Title page
You are required to include the following details in the title page information:

Article title. Article titles should be concise and informative. Please avoid abbreviations and formulae,

where possible, unless they are established and widely understood, e.g., DNA).

Author names. Provide the given name(s) and family name(s) of each author. The order of authors

should match the order in the submission system. Carefully check that all names are accurately

spelled. If needed, you can add your name between parentheses in your own script after the English

transliteration.

Affiliations. Add affiliation addresses, referring to where the work was carried out, below the author

names. Indicate affiliations using a lower-case superscript letter immediately after the author's name

and in front of the corresponding address. Ensure that you provide the full postal address of each

affiliation, including the country name and, if available, the email address of each author.

Corresponding author. Clearly indicate who will handle correspondence for your article at all stages of

the refereeing and publication process and also post-publication. This responsibility includes

answering any future queries about your results, data, methodology and materials. It is important that

the email address and contact details of your corresponding author are kept up to date during the

submission and publication process.

Present/permanent address. If an author has moved since the work described in your article was

carried out, or the author was visiting during that time, a "present address" (or "permanent address")

can be indicated by a footnote to the author's name. The address where the author carried out the

work must be retained as their main affiliation address. Use superscript Arabic numerals for such

footnotes.

Abstract
You are required to provide a concise and factual abstract which does not exceed 250 words. The abstract

should briefly state the purpose of your research, principal results and major conclusions. Some guidelines:

Abstracts must be able to stand alone as abstracts are often presented separately from the article.

Avoid references. If any are essential to include, ensure that you cite the author(s) and year(s).

Avoid non-standard or uncommon abbreviations. If any are essential to include, ensure they are

defined within your abstract at first mention.

Keywords
You are required to provide 1 to 7 keywords for indexing purposes. Keywords should be written in English.

Please try to avoid keywords consisting of multiple words (using "and" or "of").

We recommend that you only use abbreviations in keywords if they are firmly established in the field.

Highlights
You are required to provide article highlights at submission.

Highlights are a short collection of bullet points that should capture the novel results of your research as

well as any new methods used during your study. Highlights will help increase the discoverability of your

article via search engines. Some guidelines:

Submit highlights as a separate editable file in the online submission system with the word "highlights"

included in the file name.

Highlights should consist of 3 to 5 bullet points, each a maximum of 85 characters, including spaces.
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We encourage you to view example article highlights and read about the benefits of their inclusion.

Graphical abstract
You are encouraged to provide a graphical abstract at submission.

The graphical abstract should summarize the contents of your article in a concise, pictorial form which is

designed to capture the attention of a wide readership. A graphical abstract will help draw more attention

to your online article and support readers in digesting your research. Some guidelines:

Submit your graphical abstract as a separate file in the online submission system.

Ensure the image is a minimum of 531 x 1328 pixels (h x w) or proportionally more and is readable at a

size of 5 x 13 cm using a regular screen resolution of 96 dpi.

Our preferred file types for graphical abstracts are TIFF, EPS, PDF or MS Office files.

We encourage you to view example graphical abstracts and read about the benefits of including them.

Units, classifications codes and nomenclature
This journal requires you to use the international system of units (SI) which follows internationally

accepted rules and conventions. If other units are mentioned within your article, you should provide the

equivalent unit in SI.

Tables
Tables must be submitted as editable text, not as images. Some guidelines:

Place tables next to the relevant text or on a separate page(s) at the end of your article.

Cite all tables in the manuscript text.

Number tables consecutively according to their appearance in the text.

Please provide captions along with the tables.

Place any table notes below the table body.

Avoid vertical rules and shading within table cells.

We recommend that you use tables sparingly, ensuring that any data presented in tables is not duplicating

results described elsewhere in the article.

Figures, images and artwork
Figures, images, artwork, diagrams and other graphical media must be supplied as separate files along

with the manuscript. We recommend that you read our detailed artwork and media instructions. Some

excerpts:

When submitting artwork:

Cite all images in the manuscript text.

Number images according to the sequence they appear within your article.

Submit each image as a separate file using a logical naming convention for your files (for example,

Figure_1, Figure_2 etc).

Please provide captions for all figures, images, and artwork.

Text graphics may be embedded in the text at the appropriate position. If you are working with LaTeX,

text graphics may also be embedded in the file.

Artwork formats
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When your artwork is finalized, "save as" or convert your electronic artwork to the formats listed below

taking into account the given resolution requirements for line drawings, halftones, and line/halftone

combinations:

Vector drawings: Save as EPS or PDF files embedding the font or saving the text as "graphics."

Color or grayscale photographs (halftones): Save as TIFF, JPG or PNG files using a minimum of 300 dpi

(for single column: min. 1063 pixels, full page width: 2244 pixels).

Bitmapped line drawings: Save as TIFF, JPG or PNG files using a minimum of 1000 dpi (for single

column: min. 3543 pixels, full page width: 7480 pixels).

Combinations bitmapped line/halftones (color or grayscale): Save as TIFF, JPG or PNG files using a

minimum of 500 dpi (for single column: min. 1772 pixels, full page width: 3740 pixels).

Please do not submit:

files that are too low in resolution (for example, files optimized for screen use such as GIF, BMP, PICT or

WPG files).

disproportionally large images compared to font size, as text may become unreadable.

Figure captions
All images must have a caption. A caption should consist of a brief title (not displayed on the figure itself)

and a description of the image. We advise you to keep the amount of text in any image to a minimum,

though any symbols and abbreviations used should be explained.

Provide captions in a separate file.

Color artwork
If you submit usable color figures with your accepted article, we will ensure that they appear in color

online.

Please ensure that color images are accessible to all, including those with impaired color vision. Learn

more about color and web accessibility.

For articles appearing in print, you will be sent information on costs to reproduce color in the printed

version, after your accepted article has been sent to production. At this stage, please indicate if your

preference is to have color only in the online version of your article or also in the printed version.

Generative AI and Figures, images and artwork
Please read our policy on the use of generative AI and AI-assisted tools in figures, images and artwork,

which can be found in Elsevier’s GenAI Policies for Journals. This policy states:

We do not permit the use of Generative AI or AI-assisted tools to create or alter images in submitted

manuscripts.

The only exception is if the use of AI or AI-assisted tools is part of the research design or methods (for

example, in the field of biomedical imaging). If this is the case, such use must be described in a

reproducible manner in the methods section, including the name of the model or tool, version and

extension numbers, and manufacturer.

The use of generative AI or AI-assisted tools in the production of artwork such as for graphical

abstracts is not permitted. The use of generative AI in the production of cover art may in some cases be

allowed, if the author obtains prior permission from the journal editor and publisher, can demonstrate

that all necessary rights have been cleared for the use of the relevant material, and ensures that there

is correct content attribution.

Supplementary material
We encourage the use of supplementary materials such as applications, images and sound clips to

enhance research. Some guidelines:
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Cite all supplementary files in the manuscript text.

Submit supplementary materials at the same time as your article. Be aware that all supplementary

materials provided will appear online in the exact same file type as received. These files will not be

formatted or typeset by the production team.

Include a concise, descriptive caption for each supplementary file describing its content.

Provide updated files if at any stage of the publication process you wish to make changes to submitted

supplementary materials.

Do not make annotations or corrections to a previous version of a supplementary file.

Switch off the option to track changes in Microsoft Office files. If tracked changes are left on, they will

appear in your published version.

We recommend you upload research data to a suitable specialist or generalist repository. Please read our

guidelines on sharing research data for more information on depositing, sharing and using research data

and other relevant research materials.

Video
This journal accepts video material and animation sequences to support and enhance your scientific

research. We encourage you to include links to video or animation files within articles. Some guidelines:

When including video or animation file links within your article, refer to the video or animation content

by adding a note in your text where the file should be placed.

Clearly label files ensuring the given file name is directly related to the file content.

Provide files in one of our recommended file formats. Files should be within our preferred maximum file

size of 150 MB per file, 1 GB in total.

Provide "stills" for each of your files. These will be used as standard icons to personalize the link to your

video data. You can choose any frame from your video or animation or make a separate image.

Provide text (for both the electronic and the print version) to be placed in the portions of your article

that refer to the video content. This is essential text, as video and animation files cannot be embedded

in the print version of the journal.

We publish all video and animation files supplied in the electronic version of your article.

For more detailed instructions, we recommend that you read our guidelines on submitting video content to

be included in the body of an article.

Research data
We are committed to supporting the storage of, access to and discovery of research data, and our research

data policy sets out the principles guiding how we work with the research community to support a more

efficient and transparent research process.

Research data refers to the results of observations or experimentation that validate research findings,

which may also include software, code, models, algorithms, protocols, methods and other useful materials

related to the project.

Please read our guidelines on sharing research data for more information on depositing, sharing and using

research data and other relevant research materials.

For this journal, the following instructions from our research data guidelines apply.

Option C: Research data deposit, citation and linking

You are required to:
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Deposit your research data in a relevant data repository.

Cite and link to this dataset in your article.

If this is not possible, make a statement explaining why research data cannot be shared.

Data statement
To foster transparency, you are required to state the availability of any data at submission.

Ensuring data is available may be a requirement of your funding body or institution. If your data is

unavailable to access or unsuitable to post, you can state the reason why (e.g., your research data includes

sensitive or confidential information such as patient data) during the submission process. This statement

will appear with your published article on ScienceDirect.

Read more about the importance and benefits of providing a data statement.

Data linking
Linking to the data underlying your work increases your exposure and may lead to new collaborations. It

also provides readers with a better understanding of the described research.

If your research data has been made available in a data repository there are a number of ways your article

can be linked directly to the dataset:

Provide a link to your dataset when prompted during the online submission process.

For some data repositories, a repository banner will automatically appear next to your published

article on ScienceDirect.

You can also link relevant data or entities within the text of your article through the use of identifiers.

Use the following format: Database: 12345 (e.g. TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN).

Learn more about linking research data and research articles in ScienceDirect.

Research Elements
This journal enables the publication of research objects (e.g. data, methods, protocols, software and

hardware) related to original research in Elsevier's Research Elements journals.

Research Elements are peer-reviewed, open access journals which make research objects findable,

accessible and reusable. By providing detailed descriptions of objects and their application with links to

the original research article, your research objects can be placed into context within your article.

You will be alerted during submission to the opportunity to submit a manuscript to one of the Research

Elements journals. Your Research Elements article can be prepared by you, or by one of your collaborators.

Article structure
Article sections

Divide your article into clearly defined and numbered sections. Number subsections 1.1 (then 1.1.1, 1.1.2,

...), then 1.2, etc.

Use the numbering format when cross-referencing within your article. Do not just refer to "the text."

You may give subsections a brief heading. Headings should appear on a separate line.

Do not include the article abstract within section numbering.

Glossary

Please provide definitions of field-specific terms used in your article, in a separate list.

Acknowledgements

Include any individuals who provided you with help during your research, such as help with language,

writing or proof reading, in the acknowledgements section. Acknowledgements should be placed in a
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separate section which appears directly before the reference list. Do not include acknowledgements on

your title page, as a footnote to your title, or anywhere else in your article other than in the separate

acknowledgements section.

Author contributions: CRediT

Corresponding authors are required to acknowledge co-author contributions using CRediT (Contributor

Roles Taxonomy) roles:

Conceptualization

Data curation

Formal analysis

Funding acquisition

Investigation

Methodology

Project administration

Resources

Software

Supervision

Validation

Visualization

Writing – original draft

Writing – review and editing

Not all CRediT roles will apply to every manuscript and some authors may contribute through multiple

roles.

We advise you to read more about CRediT and view an example of a CRediT author statement.

Funding sources

Authors must disclose any funding sources who provided financial support for the conduct of the research

and/or preparation of the article. The role of sponsors, if any, should be declared in relation to the study

design, collection, analysis and interpretation of data, writing of the report and decision to submit the

article for publication. If funding sources had no such involvement this should be stated in your

submission.

List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy]; the Bill &

Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes of Peace [grant

number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants, scholarships and

awards. When funding is from a block grant or other resources available to a university, college, or other

research institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, it is recommended to include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-

profit sectors.
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Appendices

We ask you to use the following format for appendices:

Identify individual appendices within your article using the format: A, B, etc.

Give separate numbering to formulae and equations within appendices using formats such as Eq. (A.1),

Eq. (A.2), etc. and in subsequent appendices, Eq. (B.1), Eq. (B. 2) etc. In a similar way, give separate

numbering to tables and figures using formats such as Table A.1; Fig. A.1, etc.

References
References within text

Any references cited within your article should also be present in your reference list and vice versa. Some

guidelines:

References cited in your abstract must be given in full.

We recommend that you do not include unpublished results and personal communications in your

reference list, though you may mention them in the text of your article.

Any unpublished results and personal communications included in your reference list must follow the

standard reference style of the journal. In substitution of the publication date add "unpublished

results" or "personal communication."

References cited as "in press" imply that the item has been accepted for publication.

Linking to cited sources will increase the discoverability of your research.

Before submission, check that all data provided in your reference list are correct, including any references

which have been copied. Providing correct reference data allows us to link to abstracting and indexing

services such as Scopus, Crossref and PubMed. Any incorrect surnames, journal or book titles, publication

years or pagination within your references may prevent link creation.

We encourage the use of Digital Object Identifiers (DOIs) as reference links as they provide a permanent

link to the electronic article referenced.

Reference format

This journal does not set strict requirements on reference formatting at submission. Some guidelines:

References can be in any style or format as long as the style is consistent.

Author names, journal or book titles, chapter or article titles, year of publication, volume numbers,

article numbers or pagination must be included, where applicable.

Use of DOIs is recommended.

Our journal reference style will be applied to your article after acceptance, at proof stage. If required, at

this stage we will ask you to correct or supply any missing reference data.

Reference style

All citations in the text should refer to:

Single author: the author's name (without initials, unless there is ambiguity) and the year of

publication.

Two authors: both authors' names and the year of publication.

Three or more authors: first author's name followed by 'et al.' and the year of publication.

Citations can be made directly (or parenthetically). Groups of references can be listed either first

alphabetically, then chronologically, or vice versa. Examples: "as demonstrated (Allan, 2020a, 2020b; Allan

and Jones, 2019)" or "as demonstrated (Jones, 2019; Allan, 2020). Kramer et al. (2023) have recently shown".
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The list of references should be arranged alphabetically and then chronologically if necessary. More than

one reference from the same author(s) in the same year must be identified by the letters 'a', 'b', 'c', etc.,

placed after the year of publication.

Abbreviate journal names according to the List of Title Word Abbreviations (LTWA).

Examples:

Reference to a journal publication:

Van der Geer, J., Handgraaf, T., Lupton, R.A., 2020. The art of writing a scientific article. J. Sci. Commun. 163,

51–59. https://doi.org/10.1016/j.sc.2020.00372.

Reference to a journal publication with an article number:

Van der Geer, J., Handgraaf, T., Lupton, R.A., 2022. The art of writing a scientific article. Heliyon. 19, e00205.

https://doi.org/10.1016/j.heliyon.2022.e00205.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in a book:

Mettam, G.R., Adams, L.B., 2023. How to prepare an electronic version of your article, in: Jones, B.S., Smith,

R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281–304.

Reference to a website:

Cancer Research UK, 2023. Cancer statistics reports for the UK.

http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2023).

Reference to a dataset:

Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak wilt disease and

surrounding forest compositions [dataset]. Mendeley Data, v1. https://doi.org/10.17632/xwj98nb39r.1.

Reference to software:

Coon, E., Berndt, M., Jan, A., Svyatsky, D., Atchley, A., Kikinzon, E., Harp, D., Manzini, G., Shelef, E., Lipnikov,

K., Garimella, R., Xu, C., Moulton, D., Karra, S., Painter, S., Jafarov, E., & Molins, S., 2020. Advanced Terrestrial

Simulator (ATS) v0.88 (Version 0.88) [software]. Zenodo. https://doi.org/10.5281/zenodo.3727209.

Web references

When listing web references, as a minimum you should provide the full URL and the date when the

reference was last accessed. Additional information (e.g. DOI, author names, dates or reference to a source

publication) should also be provided, if known.

You can list web references separately under a new heading directly after your reference list or include

them in your reference list.

Data references

We encourage you to cite underlying or relevant datasets within article text and to list data references in

the reference list.

When citing data references, you should include:

author name(s)

dataset title

data repository
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version (where available)

year

global persistent identifier

Add [dataset] immediately before your reference. This will help us to properly identify the dataset. The

[dataset] identifier will not appear in your published article.

Preprint references

We ask you to mark preprints clearly. You should include the word "preprint" or the name of the preprint

server as part of your reference and provide the preprint DOI.

Where a preprint has subsequently become available as a peer-reviewed publication, use the formal

publication as your reference.

If there are preprints that are central to your work or that cover crucial developments in the topic, but they

are not yet formally published, you may reference the preprint.

Reference management software

Most Elsevier journals have their reference template available in popular reference management software

products. These include products that support Citation Style Language (CSL) such as Mendeley Reference

Manager.

If you use a citation plug-in from these products, select the relevant journal template and all your citations

and bibliographies will automatically be formatted in the journal style. We advise you to remove all field

codes before submitting your manuscript to any reference management software product.

If a template is not available for this journal, follow the format given in examples in the reference style

section of this Guide for Authors.

Submitting your manuscript

Submission checklist
Before completing the submission of your manuscript, we advise you to read our submission checklist:

One author has been designated as the corresponding author and their full contact details (email

address, full postal address and phone numbers) have been provided.

All files have been uploaded, including keywords, figure captions and tables (including a title,

description and footnotes) included.

Spelling and grammar checks have been carried out.

All references in the article text are cited in the reference list and vice versa.

Permission has been obtained for the use of any copyrighted material from other sources, including the

Web.

For gold open access articles, all authors understand that they are responsible for payment of the

article publishing charge (APC) if the manuscript is accepted. Payment of the APC may be covered by

the corresponding author's institution, or the research funder.

Suggest reviewers
To support the peer review process, we ask you to provide names and institutional email addresses of

several potential reviewers for their manuscript. Some guidelines:

Reviewers should not be colleagues or have co-authored or collaborated with you during the last three

years.

Do not suggest reviewers with whom you have competing interests.

Suggest reviewers who are located in different countries or regions from yourself. This helps to provide

a broad and balanced assessment of your work and to ensure scientific rigor.
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Consider diversity in your reviewer suggestions, such as gender, race and ethnicity and career stage.

Do not suggest members of our Editorial Board.

The journal editors will take the final decision on whether to invite your suggested reviewers.

After receiving a final decision

Article Transfer Service
If your manuscript is more suitable for an alternative Elsevier journal, you may receive an email asking you

to consider transferring your manuscript via the Elsevier Article Transfer Service.

The recommendation could come from the journal editor, a dedicated in-house scientific managing editor,

a tool-assisted recommendation or a combination.

If you agree with the recommendation, your manuscript will be transferred and independently reviewed by

the editors of the new journal. You will have the opportunity to make revisions, if necessary, before the

submission is complete at the destination journal.

Publishing agreement
Authors will be asked to complete a publishing agreement after acceptance. The corresponding author will

receive a link to the online agreement by email. We advise you to read Elsevier's policies related to

copyright to learn more about our copyright policies and your, and your employer’s/institution’s, additional

rights for subscription and gold open access articles.

License options
Authors will be offered open access user license options which will determine how you, and third parties,

can reuse your gold open access article. We advise that you review these options and any funding body

license requirements before selecting a license option.

Open access
We refer you to our open access information page to learn about open access options for this journal.

Permission for copyrighted works
If excerpts from other copyrighted works are included in your article, you must obtain written permission

from the copyright owners and credit the source(s) within your article using Elsevier’s permission request

and license form (Word).

Proof correction
To ensure a fast publication process we will ask you to provide proof corrections within two days.

Corresponding authors will be sent an email which includes a link to our online proofing system, allowing

annotation and correction of proofs online. The environment is similar to Word. You can edit text,

comment on figures and tables and answer questions raised by our copy editor. Our web-based proofing

service ensures a faster and less error-prone process.

You can choose to annotate and upload your edits on the PDF version of your article, if preferred. We will

provide you with proofing instructions and available alternative proofing methods in our email.

The purpose of the proof is to check the typesetting, editing, completeness and correctness of your article

text, tables and figures. Significant changes to your article at the proofing stage will only be considered

with approval of the journal editor.

Share Link
A customized Share Link, providing 50 days free access to the final published version of your article on

ScienceDirect, will be sent by email to the corresponding author. The Share Link can be used to share your

article on any communication channel, such as by email or on social media.

For an extra charge, you will be provided with the option to order paper offprints. A link to an offprint order

form will be sent by email when your article is accepted for publication.
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A Share Link will not be provided if your article is published gold open access. The final published version of

your gold open access article will be openly available on ScienceDirect and can be shared through the

article DOI link.

Responsible sharing
We encourage you to share and promote your article to give additional visibility to your work, enabling

your paper to contribute to scientific progress and foster the exchange of scientific developments within

your field. Read more about how to responsibly share and promote your article.

Resources for authors

Elsevier Researcher Academy
If you would like help to improve your submission or navigate the publication process, support is available

via Elsevier Researcher Academy.

Elsevier Researcher Academy offers free e-learning modules, webinars, downloadable guides and research

writing and peer review process resources.

Language and editing services
We recommend that you write in American or British English but not a combination of both.

If you feel the English language in your manuscript requires editing to eliminate possible grammatical or

spelling errors and to conform to correct scientific English, you may wish to use the English Language

Editing service provided by Elsevier’s Author Services.

Getting help and support

Author support
We recommend that you visit our Journal Article Publishing Support Center if you have questions about the

editorial process or require technical support for your submission. Some popular FAQs:

How can I track the status of my submitted article?

When will my article be published?

All content on this site: Copyright © 2024 Elsevier B.V., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar technologies. For all open access content, the

relevant licensing terms apply.
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