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[bookmark: _Toc220593685]Scope and objectives
Greenhouse gas (GHG) emissions from port activities represent a significant environmental challenge, particularly in the context of the European Union’s climate objectives and the maritime sector’s decarbonisation pathway. Establishing a robust carbon accounting framework enables ports to understand their emissions profile, identify mitigation opportunities, and align with national and international reporting standards. 
[bookmark: _Toc220593686]Carbon accounting and inventory structure
[bookmark: _Toc220593687]Introduction and motivation
Ports develop GHG inventories for a mix of strategic, regulatory, and operational reasons. They must comply with environmental regulations, including CSRD, the EU ETS, and Fuel EU, which require or encourage emissions reporting. Many ports also pursue sustainability and climate-neutrality goals aligned with EU strategies such as the Green Deal and Fit for 55. Inventories are needed to track progress toward these goals.
GHG inventories improve transparency with local communities, customers, and port stakeholders. They help identify emission hotspots, guide investments in low-carbon technologies, and support mitigation costs assesment. Inventories are also important for financing, as green funding opportunities may require them. Benchmarking emissions across ports allows knowledge sharing and helps replicate sustainable projects.
Despite international frameworks, multiple authorities at different levels influence rules for emissions, creating inconsistencies in source classification, data collection, and Scope 3 treatment. Port authorities have expressed the need for a harmonized framework to improve comparability, reduce inefficiencies, and support decarbonization efforts.
[bookmark: _Toc220593688]Basis of GHG emission quantification
GHG quantification relies on a structured approach that ensures consistency, transparency, and comparability. There are three main tasks, first defining the boundaries of the inventory, identification of the sources and finally calculation of the emissions.
Inventory boundaries are defined by clearly establishing the subject of the inventory and selecting an organizational approach (based on ownership, operational control or financial control) or geographical approach limited to the physical area of the port.
Emissions sources within these boundaries are then identified and classified into scope 1, 2 and 3. A significance analysis is performed to determine inclusion, considering factors such as emission magnitude, data availability and reliability, intended use of the inventory, and level of influence over the source. 
Once sources are defined, emissions are quantified using activity data and emission factors. Activity data (e.g. fuel consumption or electricity use) must be accurate, consistent, and traceable. Finally, emission factors are applied using recognized scientific databases or rigorously validated custom factors. Temporal consistency is essential to ensure reliable assessment of decarbonization progress.
[bookmark: _Toc220593689]Established inventory structure and rationale
Frameworks like GHG Protocol and ISO 14064-1 have been developed to assist companies in quantifying GHG emissions, both based on IPCC Global Warming Potential values. Initially voluntary, they have become relevant due to recent legislative measures, including the European Green Deal, the Fit for 55 package, the Corporate Sustainability Reporting Directive (CSRD), and the EU Emissions Trading System (ETS), which was extended to maritime transport in 2024. Tools like the Science-Based Targets initiative translate these into sector-specific goals (see Annex 1: Existing frameworks and considerations).
GHG inventories follow the three scopes of the GHG Protocol:
· Scope 1: includes direct emissions from sources owned or controlled by the port (e.g., port-owned vehicles, on-site fuel combustion).
· Scope 2: covers indirect emissions from the generation of purchased electricity, heat, or steam consumed by the port.
· Scope 3: includes all other indirect emissions across the value chain, both upstream and downstream, and typically represents the largest share of total emissions, despite being outside the direct control of the port authority. 
Scopes reflect different levels of operational control. Scope 1 and 2 emissions are directly managed by the port, while Scope 3 covers indirect emissions from third-party activities like shipping, logistics, and industrial operations.  Measuring Scope 3 is essential, as it often exceeds direct emissions and highlights opportunities for stakeholder engagement, procurement decisions, and coordinated decarbonization efforts.
Inventory boundaries must be clearly defined to ensure transparency. Ports may adopt:
· Operational control: accounting for emissions from activities they control.
· Financial control: based on financial ownership or responsibility.
· Geographical boundaries: focusing on emissions within the port’s physical perimeter.
The rationale behind this structure is to provide a comprehensive and flexible framework that accommodates the complexity of port operations while enabling comparability across different entities and jurisdictions.
[bookmark: _Toc220593690]Emissions
[bookmark: _Toc220593691]Sources of emissions
Port GHG inventories are complex because emissions come from a variety of stakeholders, including port authorities, internal staff, external companies, and local communities. Effective inventories require stakeholder mapping to assign responsibilities, gather accurate data, and ensure comprehensive coverage (see Annex 2: Sources of emissions).
Emission sources in ports include ships, port services, land transport, tenants, construction, and waste. Each source should be evaluated for significance to determine its inclusion in the inventory. Ports face challenges aligning emissions with GHG Protocol scopes because many activities are not directly controlled by the port authority.
Scope allocation depends on governance and operational control. For example, emissions from on-site waste treatment may fall under Scope 1 or 2, while emissions from third-party waste management are typically Scope 3. Alternative approaches include using territorial-based scopes or designing a port-specific inventory structure. A detailed mapping of emission blocks and their proposed scope allocation is provided in Annex 2: Sources of emissions. 
[bookmark: _Toc220593692]Quantification methodologies
The procedure of quantifying the emissions of an activity consists in data collection and its conversion through an emission factor into the number of CO2-equivalent tonnes emitted. Since port activities vary widely, data may be expressed in different metrics, such as distance travelled or money spent, and intermediate estimations may be needed to harmonize all values with energy- or fuel-based emission factors. The general formula is written as:

And, for instance, emissions from conveyance may be calculated as:

Uncertainty management and validation are essential. These can be achieved through invoices, supplier reports, or third-party audits, ensuring traceability and improvement of data quality.
[bookmark: _Toc220593693]Data gathering and emission factors
Accurate GHG inventories rely on reliable data covering all relevant operations within the defined boundaries. Data may come from the port authority, public databases, or tenants and other actors, depending on responsibilities and availability. Port should encourage transparency and collaboration, using standardized templates and clear guidance to improve consistency. 
Fuel and energy consumption data enables fast and precise emission calculations. When unavailable, estimations based on other metrics or sector averages are used. Main data categories include vessel operations, port services, land transport, construction, tenants’ activities, and waste management. Challenges include incomplete data, differing interpretations of activity scope, and confidentiality concerns, which sometimes require estimations or proxies.
Emission factors convert activity data into GHG emissions. Global factors (e.g., IPCC, EEA/EMEP, IMO) provide a baseline, while local factors enhance accuracy. Combining both ensures comparability and context-specific precision. For detailed data sources, collection methods, and parameters per emission block (see Annex 3: Methodologies & Emission factors).
[bookmark: _Toc220593694]Recommendations & Further Discussion
European ports face diverse challenges in developing GHG inventories due to differences in governance, traffic types, and methodologies. Key barriers include data availability and reliability, stakeholder engagement, and the time and resources required. Future developments should focus on improving collaboration with tenants and authorities, digitalizing data collection, and moving toward a standardized European framework for port-specific GHG accounting. These steps will enhance transparency, comparability, and efficiency in supporting decarbonization strategies (see Annex 4: Recommendations & Further discussion).

[bookmark: _Toc220593695][bookmark: _Ref220595146]Annex 1: Existing frameworks and considerations
[bookmark: _Toc220593696]Existing frameworks 
Various frameworks have been developed by different entities to assist companies in quantifying the GHG emissions generated by their activities. The data used to assess the impact of different gases comes from the Intergovernmental Panel on Climate Change (IPCC), which defined the 100-year Global Warming Potential (GWP) values in its Sixth Assessment Report. Among the most widely adopted frameworks are the GHG Protocol and the ISO 14064-1, and, while both share common foundation, they differ in the approach of the emissions categorization.
The GHG Protocol follows the scope structure previously commented, and, within scope 3, 15 categories are described. A complete overview of these categories and their classification is presented in Figure 1.
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[bookmark: _Ref211508903]Figure 1. Overview of GHG Protocol scopes categorization. Source: Figure 1.1 of Scope 3 standard (https://ghgprotocol.org/sites/default/files/standards/Corporate-Value-Chain-Accounting-Reporing-Standard-EReader_041613_0.pdf)
 
On the other hand, the ISO 14064-1 distinguishes six main emission sources categories, which are exposed in Table 1.
[bookmark: _Ref211509915]Table 1. Overview of ISO 14064-1 emission sources categorization.
	Direct emissions
	1. From infrastructure controlled or owned by the entity

	Indirect emissions
	2. From imported energy

	
	3. From transportation

	
	4. From goods used by the organization

	
	5. From goods produced by the organization

	
	6. From other sources



Initially introduced as voluntary procedures, they have earned relevance due to the implementation of new legislative measures. The European Green Deal set ambitious goals for the decarbonization of European industries, under the umbrella of the European Climate Law and supported by a series of mechanisms, such as the Fit for 55 legislative package, the Corporate Sustainability Reporting Directive (CSRD) and the EU Emissions Trading System (ETS). The CSRD requires companies to disclose information on social and environmental matters and their impact, allowing their sustainability assessment. Meanwhile, the EU Emission Trading System (ETS) established a market for the GHG emissions, organized by sectors and strengthened in 2024 to include the maritime with the Fit for 55 initiative.
A relevant tool to apply these protocols is the Science-Based Targets initiative (SBTi), which aims at helping business to calculate and reduce the GHG emissions formulating certain goals in short-term or long-term timeframes. Carbon budgets estimations for each sector are defined by IPCC and targets should be envisioned accordingly. A common methodology has been developed, as well as sector-specific criteria, such as the maritime, where the carbon intensity targets are disaggregated by vessel type and size. Nevertheless, values from Tank-to-Wake (TtW) or Well-to-Wake (WtW) are presented in databases depending on the source under consideration. It is of upmost importance to understand the data that is being collected to avoid introducing incorrect assumptions into subsequent analysis. However, adjustments may be made to transition from one system to the other when necessary. 
In order to build the inventories, a structured and reliable emission factor repository is also required to acknowledge for the differences in intensity among activities. Emission factors are expressed in terms of concrete metrics, ranging from time period or energy consumed to cargo throughput or activity-specific units. The election of metric will vary according to available data or intended use. Numerous organizations have developed their own repository at different applicability areas, i.e., regional, national or international, being geographically binded and varying in the methodology behind their calculation. These organizations may be supranational bodies like the European Commission JRC, or national agencies like ADEME in France and the National Atmospheric Emissions Inventory in the UK. This variety states the non-trivial task of choosing a repository. An analysis must be done to ensure that the area, year and sector of application correspond to the activities under study, besides that the relevant GHG are included. Furthermore, a combination of various repositories is often needed to grant the completeness of the data.

[bookmark: _Toc220593697]Ports GHG Inventories complexity: Beyond Organizational Boundaries
Even though a common international regulatory framework exists for decarbonization, multiple authorities at different levels influence the rules and standards that apply to each emissions category. International, supranational, national, regional and local bodies may regulate simultaneously, adding further complexity to an already intricate issue. Some cross-cutting sectors, such as transportation, are relatively well-defined and easier to extrapolate. However, areas such as waste management often relies on the national or regional level and discrepancies are easily found among ports.
The results of the inventories are meant to be useful for organizations to adhere with these diverse legislations. Nevertheless, there is a lack of clarity regarding the identification of sources and their classification, data gathering, data validation and results calculation.
All of this translates into inconsistencies among port authorities’ inventories, since interpretations of their responsibilities in terms of pollution deeply vary. Depending on the port, emissions from tenants or vessels within the geographic delimitation usually either fall under scope 3 or are not considered at all, but a common consensus is not found. In some interviews with PAs, they expressed their desire for a more specific, harmonized and robust framework to avoid the lack of transferability and reduce the inefficiencies in the preparation of these inventories. Moreover, they want to partake in these discussions, raise awareness and stimulate decarbonization to help companies meet the emissions reduction goals.
[bookmark: _Toc220593698]Key aspects of an inventory
The emissions accounting under the GHG Protocol and ISO 14064-1 is continuously being redefined, however, both frameworks were originally developed by stakeholders from a wide range of disciplines and founded on the following core principles:
· Relevance: The accounting reliably reflects the GHG emissions of the company and supports informed the decision-making
· Completeness: All relevant emission sources are accounted for
· Consistency: Methodologies that allow meaningful comparisons over time are applied
· Transparency: The process is based on a clear audit trail and discloses relevant assumptions and data sources in a clear, factual and understandable manner
· Accuracy: The accounting is systematically accurate and aims to minimize uncertainties
In the ongoing reinterpretation of the inventories, a better-defined framework is thought necessary by PAs to achieve the standardization of the process with an actionable, transversal and compatible methodology, irrespective of the characteristics of the port. 
There are several interrelated reasons for developing these emissions assessments that steer the action route of the maritime environments. The main one expressed was the identification of the principal sources of GHG emissions serves as a powerful tool to set a decarbonization strategy and achieve a net-zero port activity in the long-term. This is carried out both as a necessary step to comply with the international and national regulations and as a means of positioning the organization as innovative and forward-looking. Moreover, PAs see the GHG monitoring as a way to engage stakeholders, support the implementation of energy efficiency measures and enhance port operations, often leading to financial benefits.
[bookmark: _Toc220593699][bookmark: _Ref220595165][bookmark: _Ref220595179]Annex 2: Sources of emissions
[bookmark: _Toc220593700]Port actors regarding GHG emissions
Numerous stakeholders may contribute to GHG emissions within the port territory, as well as participate in developing the GHG inventory. These parties are highly diverse in terms of sector, size, and governance structure. For some entities, port operations represent only a portion of their activities, whereas others may operate across multiple ports. In certain cases, management is located in other ports or central offices within the same country or even at a European level, making stakeholder engagement increasingly challenging.
This complexity in stakeholder composition underscores the importance of conducting a thorough stakeholder mapping exercise prior to inventory development. By systematically identifying the various actors—ranging from port authorities and internal staff to external companies and organisations—who either generate emissions or hold data crucial for quantification, port authorities can streamline the process of assigning responsibilities and gathering accurate information. Such mapping not only clarifies the roles and influence of each stakeholder but also supports effective engagement strategies, ensuring that all relevant contributors are involved and that the resulting GHG inventory is both comprehensive and reliable.
Table 2 Actors involved in the GHG inventory
	Stakeholder category
	Stakeholder category
	MLP layer
	

	Internal stakeholders
	Port authority
	Regime
	Subject of the inventory

	
	Employees
	Regime
	Commuting

	
	Harbourmaster
	Regime
	Port calls information

	
	Port services
	Regime
	Information on tugboats, pilots, etc

	
	Regional government
	Landscape
	Transportation data around the port

	
	Local authorities
	Landscape
	Transportation data around the port and elated activities such as neighbouring industries

	
	Regional transport authority
	Regime
	Transportation data around the port, registers of buses and metro lines eneting the port

	
	Global Regulatory Bodies
	Landscape
	Emission factor provision

	Businesses
/
Operators
	Shipping company/agency
	Regime
	Activity data, emissions

	
	Cruise lines
	Regime
	Passenger information

	
	Terminal operator
	Regime
	Cargo data, consumption and or emissions

	
	Rail operator
	Regime
	Services provided data

	
	Logistic operator
	Regime
	Activity data, emissions

	
	Trucking company
	Regime
	Activity data, emissions

	
	Energy trader
	Regime
	Bunkering data

	
	Industrial company
	Regime
	Activity data, emissions

	
	Towing service provider
	Regime
	Information on tugboats

	
	Public transport service
	Regime
	Transportation data around the port, registers of buses and metro lines eneting the port

	
	Waste management
	Regime
	Activity data, emissions

	
	Cobntractors and service providers
	Regime
	Construction and maintenance data

	Communities
/Local Neighbour-hoods
	City leisure activities
	Landscape
	

	
	Academic and research institutions
	
	data validation and methodology development




[bookmark: _Toc220593701]GHG emission blocks
The Greenhouse Gas (GHG) Protocol identifies 15 distinct emission blocks, as outlined in chapter 3. In this section, the primary emission sources typically observed within port environments are identified. These emission blocks can be associated with various categories depending on the operational context. A significance evaluation of the emissions sources within each block should be performed to assess which of them are relevant for the construction of the inventory.
A table is provided below that lists these emission blocks alongside proposed categories for classification. It should be noted, however, that these category assignments are not definitive. The categorisation remains subject to further discussion, as several port activities do not align neatly with the corporate structure established by the GHG Protocol. This challenge becomes particularly evident when Port Authorities attempt to include emissions generated within their territories into their official inventories.
Table 3 Port GHG emission sources blocks
	GHG emission blocks
	sub
	Location of emissions
	GHG Protocol Scope 3 category

	Ships
	Anchoring
	Anchoring area
	4/9

	
	Navigation
	External or between anchoring area and port basin.
	4/9

	
	Manoeuvres 
	Manoeuvres required to reach allocated berth.
	4/9

	
	Hotelling
	Internal: at berth
	4/9

	Port services
	Tugboats
	Internal
	2

	
	Bunkering barges
	Internal
	3

	
	Pilots
	Internal
	2

	Land transport
	Trucks
	Internal and/or external
	4/9

	
	Trains
	Internal and/or external
	4/9

	
	Workers mobility
	Internal and/or external
	7

	
	Passengers mobility
	Internal and/or external
	6

	Tenants
	Terminals
	Internal
	4/9

	
	Industry
	Internal and/or external
	11

	
	Logistics
	Internal
	4/9

	
	Port city
	Internal
	13

	Construction
	Materials
	External
	1

	
	Transport
	Internal and/or external
	4

	
	Yard consumption
	Internal
	8/13

	
	Waste
	Internal and/or external
	5

	Waste
	Transport
	Internal and/or external
	12

	
	Treatment
	Internal and/or external
	12



[bookmark: _Toc220593702]Scope allocation
Alignment Challenges Between Port GHG Inventories and the GHG Protocol: A key challenge in aligning port greenhouse gas (GHG) inventories with the GHG Protocol for organisations lies in the fact that the primary activities within ports are often not conducted by the port authority (PA) itself. This fundamental misalignment leads to complexities in correctly attributing emissions to the appropriate scopes.
Scope Allocation Based on Governance and Operational Control: The allocation of emission sources—whether to Scope 1, Scope 2, or Scope 3—depends heavily on the governance structure of the port and the degree of operational control exercised by the port authority. For example, emissions resulting from waste treatment carried out on-site by the port could be allocated to Scope 1 or 2. In contrast, emissions from waste managed externally or by third parties would typically be categorised under Scope 3. It is essential that these allocations reflect the specific governance arrangements in place. To ensure clarity and consistency, validation through stakeholder interviews is recommended. This supports a structured approach to Scope 1, 2, and 3, enabling transparent allocation of emission blocks and robust reporting according to internationally recognised frameworks.
Alternative Approaches to Scope Definition: An alternative method involves including all emissions generated within the port territory in Scope 1 and 2, while reserving Scope 3 for upstream and downstream activities associated with the various operations present in the port.
Another possibility is to apply a purely geographical delimitation, where Scope 1 and 2 cover all emission sources inside the port, and a secondary category encompasses emissions related to port activities but occurring outside the port boundaries.
Finally, it is also possible to design an entirely new inventory structure specifically tailored to the port ecosystem, reflecting its unique operational realities.

[bookmark: _Toc220593703][bookmark: _Ref220595194]Annex 3: Methodologies & Emission factors
[bookmark: _Toc220593704]Quantification methodologies
The procedure of quantifying the emissions of an activity consists in data collection and its conversion through an emission factor into the number of CO2-equivalent tonnes emitted. Since the range of activities in ports varies significantly, information may be presented in terms of several metrics, such as distance travelled by a vehicle or money invested in the activity under consideration. Hence, emissions factors should be chosen accordingly, however, they are often found in databases in relation to energy or fuel consumed, so intermediate estimations may be necessary to harmonize all data. The general formula is written as:

And, for instance, emissions from conveyance may be calculated as:

Uncertainty management and validation are essential components of the methodology as well. They can be implemented through various mechanisms such as invoices, supplier reports or third-party audits, ensuring traceability and sustained improvement of data quality.
[bookmark: _Toc220593705]Data gathering
In order to develop a robust and accurate inventory with its uncertainties as minimized as possible, reliable data that covers all relevant operations within the defined inventory boundary must be gathered. These values are directly measured by the PA, collected from public databases or provided by the tenants and other actors, depending on the responsibility delimitation of the activity and the availability of the data. It is measure differently depending on the stakeholder’s interpretation of the activity scope and on the tracked units. Hence, ports should foster a culture of transparency and collaboration, encouraging all actors to participate and clarify the details of the data acquisition. A process of uniformization is often necessary so structured mechanisms to collect energy and activity data, like annual requests, supported by standardized templates and clear guidance, can improve consistency. 
Data from fuel or energy consumption is valuable since it allows a fast and accurate calculation of the emissions, however, it is not always available, and estimations are made considering other measured values. For each of the building blocks previously stated, different ones are collected. 
Ships data is collected from Automatic Identification Systems (AIS) reports, port call information and harbour control logs, which capture vessel arrival, berthing times and departure. These complements with technical specifications, such as main and auxiliary engine power rating, fuel types and load factors, sourced from Lloyd’s Register, EMEP/EEA databases or other maritime registries.
Port services include engine hours, fuel types used, number of manoeuvres, standby hours and records of docking or undocking activities. These are often reported by service companies or obtained from licensing requirements.
Land transport sources include OCR camera systems at port gates, vehicle classification databases from traffic authorities, terminal logs and mobility surveys. Main data gathered is the number of trips, distances travelled, idling times and vehicle types. For rail emissions cargo tonnage statistics, specifications and movement logs are collected. Worker and passenger mobility is more uncertain, relying on survey-based information.
Construction includes volumes of material delivered, transport distances, fuel or electricity usage on-site and machinery operating hours. These parameters are collected from contractor’s environmental reports, invoices or project completion documents.
Tenants encompass a wide range of operations each with distinct emission profiles. Data included energy consumption, fuel use, renewable energy generation, refrigerant use. vehicle use or equipment electrification. It is often provided to PAs in annual reports.
Waste includes waste volume by type, collection frequencies, transport distances, fuel consumption, treatment methods and their energy consumed, methane capture rates and energy recovery efficiency. Data comes from waste management companies or public authorities, although they are sometimes incomplete or aggregated at regional scales.
Nevertheless, smaller tenants or service providers may lack detailed consumption records or incentives to share them, and some datasets are not publicly available. Information on external actors often requires estimation based on proxy data or sectorial averages. Additionally, confidentiality concerns and the absence of standardized digital infrastructures make it difficult to integrate data across systems.
[bookmark: _Toc220593706]Local and global emission factors
Emission factors represent the conversion coefficients that link activity data to GHG emissions, and their consistent application is vital for comparability and credibility. They portray the emissions per unit of activity and may be global, derived from international sources with applicability among nations, or local, tailored to the specific port or region under study. Global factors provide a baseline for data which is independent on the geographic considerations, useful in transversal areas such as transportation, represented by the emission per unit of fuel. Databases like the IPCC Guidelines, EEA/EMEP emission inventories and IMO MARPOL Annex VI for marine fuels are reliable sources. These factors are updated periodically to reflect technological and regulatory changes, such as shifts from HFO to LNG or the integration of alternative fuels. Meanwhile, local factors include the nuances from the concrete case, enhancing accuracy, but requiring data collection and validation. Waste management, for instance, needs these values to account for the differences in regulation among countries or regions. Combining global consistency with local specificity ensures that inventories are both comparable and contextually accurate, supporting the transition toward standardized and data driven decarbonization strategies.
[bookmark: _Toc220593707][bookmark: _Ref220595214]Annex 4: Recommendations & Further discussion
Last chapter reserved to provide experience from ports that perform such inventories and reflection on how these inventories could evolve and advance towards harmonization.
The heterogeneity of European ports — in terms of governance models, types of traffic, and geographical contexts — leads to different lessons learned from the PIONEERS ports and the other interviewed port authorities. These differences also stem from the lack of a common European framework for calculating the GHG emissions of ports, which are complex ecosystems composed of diverse public and private entities. As a result, European ports that have begun developing GHG inventories, driven by various goals and motivations, have created their own methodologies, defining what to include in the inventory and how to set the boundaries of the analysis.
[bookmark: _Toc220593708]Lessons learned and port’s points of reflection
Provide lessons learned from ports for the construction and quantification of ghg emissions and main reflections gathered through the interviews and literature.
The experience of the PIONEERS ports and other interviewed port authorities has provided several lessons learned and barrier faced, into the development of GHG inventories. The main driver for initiating such inventories has been the need to design and monitor more effective decarbonization strategies, often encouraged or required by national and European regulations. Establishing a reliable GHG inventory allows ports to identify their principal emission sources, set reduction priorities, and assess progress toward achieving climate neutrality objectives.
However, the process of developing a port-wide GHG inventory and not limited to the Port Authority as a single entity, remains complex and challenging. One of the most frequently reported issues concerns the reliability and availability of data. Ports are ecosystems composed of numerous public and private stakeholders, including terminal operators, logistics companies, and service providers. The stakeholder engagement of some tenants—whether due to confidentiality concerns, lack of awareness, or misaligned priorities—often results in incomplete datasets. This, in turn, affects the overall robustness and accuracy of the emission estimates.
Even when data are accessible, ensuring their quality and consistency across sources and reporting periods is another major challenge. Differences in data formats, measurement methods, or reporting timelines can compromise comparability, making it difficult to maintain a coherent and verifiable inventory over time. This highlights the importance of establishing clear internal data management protocols and validation procedures to improve the credibility of the results.
In some cases, the process is also recognized as highly time- and resource-intensive. Collecting data, verifying information, and performing calculations demand substantial human and technical effort, which many port authorities may struggle to sustain, particularly in the absence of dedicated staff with expertise in carbon accounting. Streamlining and digitalizing data collection processes could therefore significantly reduce the administrative burden and improve long-term efficiency.
A further methodological limitation lies in the absence of a standardized European framework or tool for port-specific GHG accounting. Each port currently defines its own approach—deciding individually which activities to include, how to set system boundaries, and which emission factors to apply. For example, some ports adopt the geographical boundaries strategy, other just include in the inventory the activity under operational control. This last point is mainly use for separating the activities among Scope 1 and 2, and Scope 3. This heterogeneity undermines the comparability of results across ports and hampers the development of common benchmarks and sectoral targets. The establishment of a harmonized European methodology would thus represent a crucial step towards more consistent, transparent, and effective GHG management across the port sector.
· Difficulty in defining system boundaries Geographical, economic control
[bookmark: _Toc220593709]Future developments
Envision potential developments and propose developments considered beneficial by the partner ports.
Building on the lessons learned from the experiences of the PIONEERS ports and the other interviewed port authorities, several future developments have been identified as essential to strengthen and harmonize GHG accounting practices across European ports. These proposed directions aim to enhance data quality, improve process efficiency, and promote collaboration at both national and European levels, ensuring ports can effectively calculate their GHG inventory.
Since ports are complex ecosystems involving a wide range of public and private actors, the collaboration of tenants, operators, and local authorities is fundamental to the completeness and reliability of GHG inventories. Establishing structured communication channels, awareness campaigns, and data-sharing agreements could foster greater cooperation and commitment from all stakeholders. Moreover, involving stakeholders early in the process can help build a shared understanding of decarbonization goals and ensure that emission reduction measures are collectively supported and effectively implemented.
One of the most significant opportunities for improvement concerns the digitalization of data collection and processing. The development of dedicated digital tools or integrated platforms could substantially streamline the process of gathering, validating, and processing the data required for GHG inventories. Automated data flows between port authorities and tenants would reduce manual workload, minimize the risk of human error, and allow for more frequent and accurate updates. Such tools could also facilitate the visualization and analysis of emissions trends, supporting more informed decision-making for decarbonization planning and monitoring.
Finally, there is a strong consensus among European ports on the need for a standardized framework for port-related GHG accounting. The creation of Working Group, possibly coordinated through international organization, such as the European Sea Ports Organisation (ESPO), could play a pivotal role in developing a harmonized methodology and a standardized digital tool for GHG inventories tailored to port authorities. This initiative could draw inspiration from the existing GHG Protocol for Cities, adapting its geographical approach. A “GHG Protocol for Ports” would not only improve consistency and comparability across the sector but also provide a common reference for policymakers and financial institutions, facilitating the alignment of ports with European and international climate objectives.
In conclusion, the future of GHG inventory development in European ports lies in the convergence of digital innovation, stakeholder collaboration, and methodological standardization. By advancing these areas collectively, European ports can move towards a more transparent, efficient, and impactful approach to decarbonization, strengthening their role as key enablers of the green transition in the transport and logistics sector.
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