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Abstract
Assessing carbon emissions has become an important way to measure and reduce the impact of the environment, especially in the seafood sector. In this article, we evaluate the methodologies and standards that assess the carbon footprint of seafood and seafood-based products. This article focuses on several key factors that impact the results of these calculations including 1) selection of the greenhouse gases to measure; 2) establishing the boundaries of the system for the analysis; 3) collecting the necessary data; and 4) monitoring the emissions from the products being evaluated. Included in our analysis are the major standards developed at both the organizational (ISO 14064; GHG Protocol) and product levels (PAS 2050; ISO 14047) used to measure the carbon footprint of seafood and related products. Furthermore, we discuss the major challenges in quantifying emissions throughout the seafood supply chain and stress the importance of improving the consistency, transparency, and comparability of the methodologies and standards used to evaluate carbon emissions as essential components of effective sustainability efforts and carbon reduction strategies for the seafood industry.
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1. Introduction
Every product or service has an ecological footprint, and it is imperative that the impacts of such products are reduced to help build a more sustainable future globally grappling with numerous challenges, including resource scarcity and air- and water-quality deterioration, and soil pollution, and climatic change. Greenhouse gas emissions continue to rise each year, causing an increase in global temperatures (Chang et al. 2017). The concept of a carbon footprint originates from the idea of an ecological footprint, which assesses the consumption of natural resources associated with particular activities (Wackernagel and Rees, 1998). Research on carbon footprints has been conducted worldwide across diverse fields and regions, encompassing national and economic levels (Munoz et al. 2022; Liang et al. 2022 ), cities and regions (Gao et al. 2010; Sovacool and Brown 2010; Wu et al. 2021; Fan et al. 2022),  households (Liao 2022), products (He et al. 2019; Huang et al. 2022), as well as agriculture and aquaculture (Brentrup et al. 2004; Brentrup et al. 2004; Chang et al. 2017).  
A carbon footprint quantifies the total greenhouse gas emissions produced throughout the entire life cycle of specific products and services, including raw material extraction, production, assembly, transportation, use, disposal, and waste management (Williams 2013). The European Commission (EC) has recognized LCA as the best framework for evaluating products (Perez-Lopez et al. 2017). LCA has been applied to intensive fish aquaculture systems, including onshore tanks (Aubin et al. 2006; Ayer and Tyedmers, 2009; Aubin et al. 2009; Jerbi et al. 2012; Iribarren et al. 2012; Samuel-Fitwi et al. 2013) and offshore sea cages (Ayer and Tyedmers 2009, Aubin et al. 2009; Pelletier et al. 2009; Garcia Garcia et al. 2016; Abdou et al. 2017). It is often noted that comparing LCA results should be avoided (Foster  et al. 2006; Desjardins et al. 2012; Röös et al. 2013; McAuliffe et al. 2016) due to variations in methodological approaches, functional units, and temporal or regional differences. The life cycle of a product or technology generally covers its entire existence, from production to disposal, including manufacturing, use, maintenance, and final disposal stages (Wang et al. 2019). 
This footprint can be quantified per use, per unit, or on an annual basis. Even a basic assessment of a product's carbon footprint can serve as a valuable tool in creating a strategy to cut emissions and improve efficiency, leading to cost savings and environmental benefits (Field and Simmns 2012). An individual's overall contribution to greenhouse gas emissions is significantly shaped by their dietary choices (Dey et al. 2007). Agricultural activities account for approximately 19% to 29% of all human-induced greenhouse gas emissions worldwide (Vermeulen et al. 2012). Moreover, it has been found that consumers exhibit a "moderately high level of concern" regarding the sustainability of food production (Grunert et al. 2014). Setting clear research objectives and parameters, which encompass core business activities and optional components, is essential (Scrucca 2021). Developing a clear process map that illustrates the flow of materials and energy helps in understanding and enhancing the system being studied (Lee 2011).
The main objective of this review involves applying standardized research methods including life cycle assessment (LCA) and process analysis and input-output models to perform a systematic evaluation of greenhouse gas emissions throughout the complete life span of products and organizations. Scientists will discover emission reduction strategies through this process of analysis.
Statement of novelty
The review presents a fresh approach which merges machine learning-based uncertainty assessment with immediate IoT data streaming into conventional LCA and IO frameworks to determine carbon footprint measurements. The system enables real-time emission monitoring while it develops forward-looking emission reduction plans. These surpass the capabilities of standard permanent solutions.


2. Carbon foot print

The carbon footprint associated with a product represents the quantity of greenhouse gases released generated or utilized over its entire lifecycle. This footprint can be described as conveyed either expressed annually or per use or dosage. It's important to acknowledge that no carbon footprint study can ever be perfect; they are always the best approximation of emissions at a specific moment in time, relying on available data (Field and Simmons 2014). The Carbon Footprint (CF) has emerged in the form of a widely adopted approach for assessing encompassing direct as well as indirect GHG emissions associated with creation and utilization (Wiedmann and Minx 2007; British Standards Institution 2008). This methodology in terms of greenhouse gases evaluation has garnered significant interest, particularly due to its alignment with international agreements. In 2008, a Human Development Report was published by the United Nations Development Programme (UNDP) for 2007–2008, emphasizing the requirement for worldwide solutions to confront climate change in the 21st century. An urgent need was felt necessary to confront the challenge of climate change by implementing effective policies to reduce greenhouse gas (GHG) emissions (Spash  2007). 
The UNDP report from 2008 indicated that it is not only essential for the world to reach a consensus on GHG emission limits but also to establish national strategies and detail plans for reducing carbon emissions.  Since then, global attention has been dedicated regarding climate change, promoting transitioning to low-carbon economies and environmentally friendly lifestyles. The goal is to achieve global sustainable development through these low-carbon approaches ( Li et al. 2019). In 2009, following discussions at the Copenhagen World Climate Conference regarding the post-Kyoto Protocol commitments, countries emphasized the primary focus on "shared responsibility." They also put forward a long-term global aim of curbing the a 2 °C increase over pre-industrial temperature baselines after the industrial revolution.
An article published in Nature by Burke and colleagues in 2018 proposed highlighting that if temperatures continue to rise could be restricted to just a rise of 1.5 °C above pre-industrial times, in contrast to the commonly mentioned 2 degrees Celsius, there would be a 75% likelihood targeting a reduction in economic losses of 60% likelihood of bringing in around 20 trillion dollars in economic value. The Paris Agreement became effective on November 4, 2016. This stands as the third significant legal framework at the international level in the context of mitigating climate change, following the precedents set by the UNFCCC and Kyoto Protocol. These legal tools have formed the foundation for steering international climate governance after 2020 but have also provided a direction for humanity to transition towards new lifestyles and modes pertaining to production. Since the adoption of these agreements, the application and promotion of Carbon Footprint (CF) have gained international recognition (Chambers et al. 2007; Mancini et al. 2016; Song et al. 2016).
Product carbon footprints (PCFs) are used by businesses to comprehend and control the environmental effects of their products and services (Bolwig and Gibbon 2009). They are motivated by both internal goals, like increasing design efficiency and cutting costs, and external goals, like satisfying customer expectations and enhancing brand image. PCF studies can be resource-intensive despite their benefits, necessitating the careful selection of products with adequate supply-chain visibility as well as precisely defined goals, system boundaries, and life-cycle stages (Mundt and Kemper 2024). Although boundary definitions such as cradle-to-grave or cradle-to-cradle may differ based on the particular objectives of the organization, assessments should ideally take account of the entire life cycle from raw material extraction through production, distribution, use, and end-of-life management. Multiple boundary frameworks, including cradle-to-grave and cradle-to-cradle approaches, may be considered (Figure 1).

3. Quantification of carbon foot print

Greenhouse gas (GHG) emissions are quantified by their weight and transformed into carbon dioxide equivalent emissions through the utilization of 100-year Climate impact potential coefficients, as defined by the Intergovernmental Panel on Climate Change (IPCC). For instance, methane is assigned a GWP coefficient of 23, signifying that 1 kilogram of methane possesses the same global warming potential as 23 kilograms of carbon dioxide. Greenhouse gas emissions encompass at the level of a 'Product Unit,' which is defined as the item available for purchase by consumers. This 'Product Unit' encompasses the specific packaging used for the product's sale. For the purpose of facilitating comparisons among different products, carbon emissions can also be expressed as kilograms of CO2 per kilogram of the product (Du et al. 2024).
With respect to carbon footprint evaluation, "hotspots" pertain to the most significant factors or stages that impact resource and energy usage in a product's life cycle, particularly concerning its climate impact. These hotspots serve as valuable indicators for pinpointing critical areas that may require more detailed examination. Hotspots are identified within each life cycle stage (Field and Simmons  2014).  
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Figure 1: Study boundaries for the main categories of products' carbon footprints 

	It is advisable to develop a simple process diagram that illustrates the flow of materials and energy at each stage of the product's life cycle under evaluation. This process map serves as a visual representation, helping to clarify what is encompassed and omitted within the carbon emissions assessment. Moreover, it aids the carbon footprint analyst in gaining a better understanding of the system to be examined. Ensuring compliance with relevant standards and creating a visual depiction of the system right from the outset can be highly beneficial. Process maps also serve as valuable tools for identifying specific areas where system improvements are required (Figure 2).
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Figure 2: The product process map 
To determine the carbon footprint, the methodology outlined in PAS 2050 (British Standards Institution 2011) can been followed. Generally in case of fish farm PAS 2050 is adopted.  PAS 2050 provides a comprehensive greenhouse gas (GHG) assessment framework following ISO/TS 14067 guidelines (ISO/TS 14067, 2013). Additionally, PAS 2050 grants additional detailed guidance and technical details for conducting the assessment, which enhances the clarity and comprehensibility pertaining to the calculation of a product’s Carbon Footprint (CF).
The approach draws on the multiplication of the emission intensity factor associated with a particular material calculated from the amount used in the operation, as outlined in PAS 2050 "activity data." This calculation is represented by the subsequent equation:
CF = EF × MQ
Where:
CF: Carbon Footprint of the material (expressed in X kilograms of CO2 equivalent emissions)
EF: Emission Factor denoting emissions per unit of the material (expressed as X kilograms of CO2 equivalent emissions per 1 kilogram, 1 liter, 1 kilowatt-hour, etc.)
MQ: Quantity of the Material used to complete the entire operation (measured in kilograms, liters, kilowatt-hours, etc.) (Gao et al. 2013).

4. Life Cycle Assessment/ Life Cycle Analysis (LCA)

Life Cycle Assessment (LCA) is the endorsed methodology in line with international organizations like the EU Commission and the UN Environment Programme for aiding sustainability framework development. It quantitatively evaluates the ecological effects of a product across its full lifecycle. LCA studies are commonly employed by professionals in businesses, along with providing support of environmentally friendly product labeling programs and environmental performance declarations of products. The key benefit of LCA is its ability to help minimize trade-offs between comparable alternatives while preventing the transfer of environmental burdens from one stage or process of the product's lifecycle to another or from one environmental impact to another (Cucurachi et al. 2019). Life Cycle Assessment (LCA) entails collecting and assessment of information regarding the assets, outputs, and feasible environmental impacts of a product system throughout its entire lifecycle. Established procedures for conducting LCA are detailed in the ISO 14040 standard framework released by ISO. LCA consists of four cyclical stages: defining the purpose and scope, conducting an inventory analysis, evaluating impacts, and interpreting the results (Cucurachi et al. 2019).
	Despite of the availability of numerous completed Life Cycle Assessment (LCA) studies on food, the ability to make informed decisions regarding food impacts is a challenge. This is due to four main reasons. Firstly, there is a common assertion that comparing LCA results is problematic due to variations in methodology, functional units, and differences in time and location (Foster et al. 2006; Desjardins et al. 2012; Röös et al. 2013; McAuliffe et al. 2016). The second issue is the inadequacy of a single comprehensive review to sufficiently cover the wide range of fresh food options available to consumers and caterers. Thirdly, when studies compare results, they often present single values, which, according to Peters et al. (2010) and Röös et al. (2011), may not accurately represent the full range of environmental impacts. Lastly, a significant issue is the lack of publicly available and synthesized LCA data accessible to consumers for making informed decisions.
	In the initial stages in the context of a life cycle assessment, the analyst outlines the objectives and boundaries. This step involves framing the investigative question and providing the circumstances for responding it. The LCA study strategy is established with clarity and precision. The objectives in terms of the LCA, it should encompass its aimed purpose (e.g., product enhancement, tactical planning, or informing sustainability policies), the motivations behind conducting the assessment, the audience focus, and whether the findings are to be employed for contrastive purposes and made publicly available. In practical terms, the analyst establishes the criteria and suppositions that govern the validity of the study results, as these factors will influence subsequent phases. A crucial element of scoping is defining the quantified unit of service. Within LCA, all ecological impacts are associated with the function provided by the system being evaluated. The "functional unit" serves serving as a numerical characterization of the function and forms the fundamental framework for comparing different process chains. In order to instance, for food systems specifically, the primary function aims to accomplish the nutritional requirements of human biological functioning. As a result, common instances of functional units encompass descriptions tied to a food quantity, like the provision of 1,000 liters of milk intended for direct consumption.' Alternatively, functional units may also represent the quality or nutrient content of a food product, such as 'supplying the recommended dietary intake of vitamin C.' The functional unit can encompass one or more of these aspects (Cucurachi et al. 2019).

5. Extent of the assessed system

The relevant system boundaries applied to the carbon footprint study should be established once the comprehensive assessment of the product’s life cycle has been conducted. This analysis helps identify which specific unit processes should be incorporated into the evaluation of the product's climate impact in terms of CO₂-equivalents (Tao Gao et al. 2014). Sample system boundaries for a medium-sized fish fillet processing facility is given in figure 3 (Poernomo and Suryanto 2020). The raw materials used were sourced from the company’s own farms, including ponds and cages, as well as from external fish farmers. The resulting products were distributed to various cities. During the study, data regarding the quantities pertaining to raw materials and products were collected. To estimate the magnitude of CO2 emissions associated with activities within the defined system boundaries, factors translating electricity, fuel, and refrigerant usage into impact metrics in various stages, from originating at the farms and processing plant toward the final retail destination, were employed. Additionally, electricity consumption covering office AC units, office equipment, and lighting systems was computed using the daily mean usage times observed while the study period (Poernomo and Suryanto 2020).
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Figure 3.  System boundaries for carbon footprint calculation of pangasius fillet 

The study had specific exceptions and limitations in its CO2 analyses, like the analysis did not account for the refrigerant used in office air conditioning units. CO2 emissions related to ice production were calculated based on electricity consumption only based on assumption that a machine with a capacity of 6 tons/day was used. The calculation did not consider CO2 emissions generated by human labor involved in the production process. Regarding waste treatment, only the emissions from pumps serving liquid wastewater tanks were incorporated while CO2 emissions from liquid waste within the tank and solid waste were omitted. Fuel consumption for the transportation of raw materials along with product shipments to wholesalers in different cities was estimated determined according to the total distance traveled using conventional pick-up and refrigerated transport vehicles. Travel distances were approximated using Google Maps, and fuel efficiency data were obtained from the vehicle manual. The study did not track the distribution of products to retailers (Poernomo and Suryanto 2020).

6. Sourcing of data 

Gathering data poses a key difficulty, and at times, a barrier, particularly at the time that calculating a measure of CO₂-equivalent emissions for a product that requires observations throughout accounting for the supply chain rather than only within the organization’s operations. It is necessary to pinpoint individuals within the organization “having access to the needed data and making sure they are ready to gather or compile it. If data from external sources is required, such as supply chain partners, it's essential to ascertain whether they are willing to cooperate and share the necessary information (Field and Simmons 2012).
Data used for product carbon footprint assessment can be categorized into two primary groups according to Field and Simmons 2012 is given in table 1. 

Table 1. Categories of data used for product carbon footprint
	Primary data
	Secondary data

	Measurements and records obtained first hand
	Emission factors

	Typically, this pertains to in-house activities or operations
	Sourced from external origins, such as third-party databases

	For example, quantities like liters of fuel or kilowatt-hours (kWh) of electricity emissions per unit.
	For instance, kilograms of CO2 per kilogram of feed at the farm



Primary data comprises tangible data directly associated with the specific product under examination. Archival data encompasses approximations and postulates derived from recognized industry benchmark or average information. This category also includes emission factors, which play a role in calculations to determine greenhouse gas (GHG) (Field and Simmons 2012). 

[bookmark: _TOC_250011]6.1 Primary data

Collecting empirical data for computations of carbon emissions is often formidable because direct measurement is typically not feasible extracted from financial documentation or purchasing specifications. The information needed for this evaluation includes metrics such as weight, distance, and energy consumption, whereas routine documentation primarily focus on fiscal aspects (Field and Simmons 2012).
Validated data collection necessitates a firm dedicating time and personnel allocated to the data collection process. Primary data commonly tends to be sourced from multiple divisions of the organization, hence, it is advisable to designate a facilitator to oversee the sequence of steps. Data collection may occur over a specific time frame, typically spanning a year, to mitigate the impact of seasonal fluctuations in the data (Field and Simmons 2012). 

6.1.1 Utilities

Information pertaining to electricity usage in kilowatt-hours (kWh), the utilization of natural gas in kilowatt-hours (kWh) or cubic meters (m³), and water drawn for use in litres (l) can be sourced from the utility invoices or meter readings. Occasionally, consumption figures can be obtained from sub-metering systems for processes specific to the product, if such systems are in place (Field and Simmons 2012). 
6.1.2 Transport

Information regarding Inbound and outbound freight transportation is able to be acquired from expense reports, fleet records and fuel details, card records, or structured questionnaires. For estimating Inter-location distances, desk research is often beneficial. Expense claims can be explicitly linked to fuel expenses and, consequently, fuel consumption. Assuming the vehicle types are identified, you can multiply mean fuel consumption rates adjusted according to known distances to determine the Cumulative fuel use. Fuel use can likewise be computed by conducting surveys of the fleet operations over a representative period. Despite the availability of fuel consumption data which provides greater accuracy, There exists publicly accessible secondary data from Defra that captures the structure of the UK freight system. These data can be utilized to calculate the greenhouse gas impact of transportation when the distance covered is known (Field and Simmons 2012). 

6.1.3 Materials

Materials utilized in the fabrication process encompass more than merely the raw materials employed in crafting not only the product but additionally supplementary supplies directly associated with the product's production. These auxiliary materials may encompass items like product packaging, fuels that are not included in utility expenses, cleaning agents, and so forth (Field and Simmons 2012).
Data pertaining to the constituent parts and mass of these materials is recommended and may typically be acquired from the product specifications, inventory sheets or invoices. In situations where collecting physical data is impractical or impossible, financial data can serve as an alternative source. This involves Being informed of the materials’ pre-VAT price purchased and then applying factors that link emissions of greenhouse gases in relation to industry sector expenditures. These factors are referred to as Input-Output (I/O) emission factors (Field and Simmons 2012).

6.1.4 Waste

[bookmark: _TOC_250010]The necessary waste data comprises the material category, quantity of waste by weight, and the method of refuse management employed (e.g., landfill or recycling). This information is generally obtainable from records maintained by waste contractors. In cases where such records are unavailable, a waste survey can be conducted over a representative timeframe to ascertain the waste type, weight, and how it is managed (Field and Simmons 2012).

6.2 Secondary data
Collecting secondary data for carbon Footprint computation includes conducting research for assembling the required information pertaining to the Product Carbon Footprint (PCF) (Field and Simmons 2012).

6.2.1 Category

 Secondary data can be categorized into two main types:

6.2.1.1 Secondary Activity Data: This data pertains regarding the quantity required energy, materials, or expenses to execute a specific technique. Examples include the number of kilowatt-hours (kWh) of natural gas needed to produce 1 kilogram of glass or the quantity of kilograms of feldspar required to manufacture 1 kilogram of glass (Field and Simmons 2012).

6.2.1.2 Emission Factors: These data provide information that allocates a particular per-unit environmental impact of a product or activity. For instance, it includes data on the amount of greenhouse gases (GHGs) in kilograms expelled into produce 1 kilogram glass content or the quantity of GHGs in kilograms released when conveying 1 kilogram of glass for 1 kilometer.
In the case of secondary data, this information is not directly collected from a specific production process; instead, industry averages and approximations are utilized (Field and Simmons 2012).

Emission factor sources

· To conduct Product Carbon Footprint assessments, it is often necessary to rely on secondary sources, particularly using third-party conversion factors to assess and compute emissions resulting stemming from a particular activity. For instance, an enterprise might have data on the quantity of diesel used (activity data), but to ascertain the quantity of carbon emissions generated from burning that diesel, a third-party emission factor is essential (Field and Simmons 2012).
· Numerous publicly accessible databases that clarify these emission factors are available, often made available by government departments or international bodies. A valuable preference of these databases can be found on the GHG Protocol’s online platform. This digital portal offers recommendations concerning the process of selecting an appropriate emission factor and provides features of each database, including data type, supported languages, and geographic scope (Field and Simmons 2012). 
· The GHG Protocol website highlights databases offering open and accessible resources, such as those from sectoral and national databases, including Plastics Europe, the European Aluminium Association (EAA), Danish Food LCA, and DEFRA emission factors for the UK. Additionally, through the ELCD database, the European Commission Joint Research Centre supplies freely accessible data from business associations and other sources (Field and Simmons 2012).
· However, it's important to note that some widely used and comprehensive databases, like Ecoinvent and the BUWAL packaging database, are not freely accessible (Field and Simmons 2012).
6.2.2 Secondary sources of data
Reliable secondary sources can be acquired from industry organizations, government reports, regional and national statistical sources, peer-reviewed research, Environmental Product Declarations, databases, verified carbon footprint assessments, Life Cycle Assessments (LCAs), and published data from various other reputable sources (Field and Simmons 2012).

7. Instruments and reference materials

Including both domestic and international organizations have formulated carbon emissions accounting standards grounded in a comprehensive life-span perspective. These standards outline the scope, boundaries, and data prerequisites for conducting carbon footprints, while also stipulating the need for consistent and succinct accounting of outcomes, the enactment of emissions cutback measures, and the substantiation process. However, as this document assumes that its users are newcomers to the subject and may not be consulting standards at this juncture, it does not delve into the specific details of these standards. For more information on product footprint standards, you can visit the following websites: BSI, ISO, and GHG Protocol (Field and Simmons 2012).

Table 2.  The carbon footprint associated with seafood products
	Products
	Carbon Footprint
(kg CO2eq/kg product)


	References


	Frozen cod fillet
	2.5
	Ziegler et al. (2016)

	Frozen salmon fillet
	2.4
	Ziegler et al. (2016)

	Canned fish
	1.1
	Asakereh et al. (2010)

	Canned sardines
	7.6
	Almeida et al. (2015)

	Mahi-mahi, snapper, and wahoo (frozen fillet)
	0.6 g/kg
	Sofiah et al. (2018)




8. Constraints of the analysis

As this methodology is designed for practical industry applications rather than academic research, it prioritizes key supply chain steps and permits the utilization of secondary data when collecting primary data directly from the supply chain is not feasible (Du et al. 2024).
Since the primary aim of this methodology is to measure GHG emissions from the main sources, it does not facilitate:
· A detailed comprehension of GHG emissions from each raw material or specific process (Du et al. 2024).
· The identification of GHG emissions from activities that are not typically part of the supply chain process flow, such as activities required only in exceptional cases (Du et al. 2024).
· The calculation of variations in GHG emissions resulting from all possible alternative supply chain options. This type of analysis is conducted as a secondary step and focuses on the process map for the most common supply chain used by a company for the specific product (Du et al. 2024).
· The exclusion of emissions related to a product's use is a limitation of this methodology, and its impact varies depending on the type of product. In all cases, these emissions are influenced by how consumers choose to use the product, making it challenging to incorporate them into a carbon footprint figure. However, for products that neither consume energy nor directly produce emissions, the uncertainty associated with estimating in-use emissions may be greater than the value of including them. On the other hand, for products like energy-consuming appliances, in-use emissions can be substantial and are a significant factor driving consumer choices. Information about energy use for such appliances is often available through other labeling schemes. As for fuels, in-use emissions are highly relevant, but this methodology does not currently cover fuels. Addressing in-use emissions from transport fuels is being handled at the EU level (Du et al. 2024).
· The methodology can calculate emissions for from cradle to grave stages of a product. However, in practice, any emissions occurring after the carbon footprint value has been printed on a product label will be average estimates. Different product types will be transported to various retail locations, stored, and displayed in stores with varying heating, cooling, and lighting requirements. Additionally, consumers will dispose of the product in different ways. As a result, the methodology and label will not account for variations in practices among retail stores or differences in consumer disposal choices, limiting their ability to drive emissions reductions in these areas. It should be emphasized that the methodology used in the pilot projects so far does not include emissions at the retail store, but this aspect will be addressed in future methodology development (Du et al. 2024).

9. Future scope

Research needs to advance carbon footprint assessment by developing better methods which will expand life cycle assessment to cover both cradle-to-grave analyses and regional emission factors. Organizations can track their emissions through direct and indirect methods by using advanced data collection tools which include IoT sensors and smart meters and geospatial techniques. The combination of hybrid LCA models with artificial intelligence and machine learning systems enables organizations to decrease their prediction errors while they gain the ability to forecast how emissions will change over time. The establishment of standardized frameworks together with scenario analysis and sensitivity analysis will enable better assessment of different options which will help decision makers choose suitable policies that support sustainable development and climate change mitigation efforts.

10. Conclusion

[bookmark: _Hlk146998544]This manuscript primarily emphasizes the research methodology procedures employed in conducting studies related to various types of carbon footprints in relation seafood and seafood products. Additionally, the review explores the objectives, guiding principles, calculation methodologies, data selection processes, and other relevant aspects pertaining to organizational footprints and product carbon footprints. Various standards exist, including Organizational Carbon Footprint Assessment Standards such as ISO 14064 and the Greenhouse Gas (GHG) Protocol, as well as Product Carbon Footprint Assessment Standards like PAS 2050, TSQ0010, ISO 14047, and the Product and Supply Chain GHG Protocol. The most critical components of such study pertains to the selection of greenhouse gases (GHGs), system configurations, quantification and assessment of carbon footprints, date selection, and the treatment of specific releases. These aspects are of utmost significance in the evaluation of carbon footprints for both organizations and products. While existing assessment standards provide guidelines on these matters, there is room for further enhancements and refinements. This paper focuses on the appraisal of the carbon footprint of the seafood in particular and is an overview for conducting seafood carbon footprint. 
Carbon footprint studies are aimed at mitigating the carbon footprint of the seafood from farm to fork, offering a foundation for potential future research endeavours in this area.
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