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Abstract. Small and medium-sized ports are important hubs in logistics chains
and support 90% of the world’s seaborne trade. It is therefore crucial to achieve the
decarbonization targets set by the European Union through the European Green
Deal, as well as other EU transport policy objectives.

The main objective of this work is to develop a web calculator of greenhouse
gas (GHG) emissions related with the different transport modes to/from/in the
ports of Aveiro and Figueira da Foz, located in the Centre region of Portugal.
The calculator will follow the EMEP/EEA emissions calculation methodology,
which is based on the energy consumption of transport and relates it to vehicle
and fuel emission factors, thus providing reliable values for the GHG emissions
released by vehicles during port operations. The calculator will be integrated into
the website of the Port Administrations of these ports to be easily accessible to
different types of users and to raise awareness of the consequences of the logistics
and operational processes that take place in these ports.

Keywords: Green Port - Greenhouse Gas Emissions - Web calculator

1 Introduction

The movement of goods is essential for the modern global economy. However, this
essential function comes at a significant environmental cost, as the transport sector is
a major contributor to greenhouse gases (GHG) emissions. Among the different modes
of transport, maritime transport is highlighted as it accounts for more than 80% of the
world’s trade in goods [1]. These ports serve as crucial connectors between maritime and
land-based transport modes, ensuring the efficient distribution of goods and reducing
road congestion. However, these activities also contribute to GHG emissions, making it
essential to address the emissions associated with these ports to achieve decarbonization
goals. The transport sector itself, including port-related activities, accounts for nearly
25% of all GHG emissions in Europe [2]. Achieving the decarbonization targets outlined
in the European Green Deal and other EU transport policy objectives is imperative to
effectively tackle climate change.
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As a result of the innovation and ambition of Port of Aveiro, despite being a small
and medium port, in 2019 was considered the national port with the highest growth,
which shows its potential. Being aware of the need to develop the energy transition
and decarbonization specific targets, the Port Authority had started to implement some
measures, but a more comprehensive plan involving all the port community had to be
addressed to achieve this goal. So, small and medium-sized ports have unique challenges
themselves, setting the stage for the need for a GHG emissions calculator.

This paper presents a comprehensive GHG emissions calculator capable of assessing
GHG emissions across a spectrum of transport modes to, from, and within the small-
medium ports of Aveiro and Figueira da Foz, located in the Centre region of Portugal. It
places particular emphasis on the unique challenges faced by small and medium-sized
ports in terms of emissions and sustainability. This calculator is in line with these goals,
offering a solution to quantify and reduce emissions associated with the transport of
goods to, from, and within these ports. The specific objectives of this work are:

1. To promote sustainable choices and to provide information to the users of the ports
regarding the optimal and most eco-friendly vehicle and fuel options available to use. This
approach encourages individuals and businesses to make environmentally responsible
transport choices. To achieve this, the GHG emissions calculator incorporates data on a
wide range of fuel options available on the market, including their production pathways,
to empower users with the knowledge they needed to choose the most sustainable and
environmentally friendly alternatives.

2. Toraise environmental awareness: a key objective is to raise awareness of the envi-
ronmental impact of the logistics and operational processes that take place in these ports.
By doing so, this work aims to inspire and encourage environmentally conscious prac-
tices among stakeholders and port users. The calculator not only quantifies emissions,
but also provides insight into the environmental impact of different fuel and transport
choices, thereby fostering a greater understanding of the need for sustainable practices
in port operations.

This work is part of the project “A-AAGORA - Blueprint for Atlantic-Arctic Agoraon
cross-sectoral cooperation for restoration of marine and coastal ecosystems and increased
climate resilience through transformative innovation” funded by Horizon Europe, whose
main objective is to restore the marine ecosystems and increase climate resilience in the
Arctic and Atlantic basin. By addressing these objectives, the project strives to contribute
to the reduction of GHG emissions associated with port operations and to promote
sustainability within the transport sector while simultaneously enhancing the Social
Readiness Level (SRL) by empowering users with information and raising awareness of
eco-friendly options.

2 Calculator Architecture

To create a calculator that accurately represents the CO, emissions from mobility
to/from/in the Port of Aveiro and Port of Figueira da Foz, an architecture was developed
that divides the analysis of transport according to complexity (Fig. 1). Three levels of
analysis have been created where the complexity of the data required for the calculation
increases in parallel. However, any user will have access to all levels of analysis and this
division was made to make the use of this tool as comprehensive as possible.
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The first level is designed to assess a vehicle, piece of equipment, or vessel indi-
vidually. This level includes passenger cars, light cargo vehicles, heavy cargo vehicles,
trains, ships, and any type of port cargo handling equipment. It will be the simplest to
perform and will require the minimum amount of user input, as the analysis is intended
for use by a citizen or port worker.

The second level calculates the emissions of a fleet performing a stage of the logistics
chain for a commodity. At this level, only cargo vehicles and equipment are counted,
as this level of analysis is aimed at transport companies and entities with a physical
presence in the ports. Tier 3 is used for all modes of transport, whereas at the first level,
Tier 2 was defined for road and rail transport to simplify the use of this calculation tool.

The third level is the most comprehensive of all and aims to simulate a complete
logistics chain. It is possible to add all types of vehicles, equipment, and ships to quantify
CO» emissions during the transport of a commodity. The results can be saved, compared,
and exported to Excel. This level is intended for logistics companies and port authorities.

First level analysis Second level analysis Third level analysis
=i ( & ) |
e[ - )
e OQ__, .R..

Fig. 1. Schematics of the calculator’s architecture

To further assist the correct use of the tool, an information section was created with
the description of the levels and some recommendations for the inputs. Finally, and to
complement the development of the tool, users are asked to answer a short survey of
3 questions after using the calculator. This will serve to assess the Societal Readiness
Level (SRL) of the web calculator to perceive the real extent to which this tool will be
integrated into everyday society and port community needs.

3 Calculation of GHG Emissions

In this section, we will explore the methods and methodologies employed to quantify
GHG emissions, with a particular focus on the direct CO, emissions associated with the
different modes of transport within ports. The methodology chosen is EMEP/EEA emis-
sion inventory, developed by the European Environment Agency [3], and has successive
updates according with the European transport and environmental policies.

It was necessary to collect the emission coefficients of the most common types of
fuel, and the alternatives available on the market, with special attention to biofuels and
their blends, electricity, ammonia, methanol, and hydrogen. Ammonia and methanol
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were only considered for ships. The ones that are powered by methanol use a mixture
of methanol and marine diesel. The same applies to ships using ammonia [4].

Emissions factors for biofuel blends are calculated using the fossil emission reduction
values provided by the Renewable Energy Directive II (RED II) [5] and considering
that biodiesel is produced from used cooking oil and that ethanol is produced from
maize straw. To quantify the CO, emissions from electric or plug-in hybrid vehicles,
the CO, emission factor related with the electricity production (g/lkWh) in Portugal in
2021 was considered [6]. Indirect CO, emissions regarding the electricity or hydrogen
consumption were not considered.

The maritime mode encompasses the operational aspects of ships and vessels, with
the latter category encompassing pilot boats, tugboats, and fishing vessels. Pilot boats
serve the vital function of transporting on-duty pilots within the port, facilitating their
boarding and disembarkation from ships to facilitate port maneuvers. Tugboats, on the
other hand, play a crucial role in assisting ships during their entry and exit from the port,
aiding in navigation and facilitating ship docking procedures.

To quantify CO, emissions resulting from maritime activities in both ports, we
employed Tier 2 and 3 [3]. At the third level the user has the possibility of providing
the direct fuel consumption of each ship. For the sake of variable substitution, emission
factors specific to CO; for each fuel were sourced from EMERGE dataset [4]. Nowa-
days,ships powered by methanol use a mixture of methanol and marine diesel. This is
also true for ships powered by ammonia. It is important to note that in ammonia propul-
sion systems, the source of COj is the portion of marine diesel [7]. For systems where
the energy source is green hydrogen, it is considered that the fuel cells have an efficiency
of 53.8% [7].

The road mode encompasses activities associated with passenger cars, light com-
mercial vehicles, and heavy commercial vehicles. Users may input details on vehicle
classification, fuel type, travel distance, and load. The tool accommodates a variety
of fuels including gasoline, diesel, compressed natural gas (CNG), liquified petroleum
gas (LPG), and electricity, allowing accurate evaluations according to different types of
automobiles. To achieve a user-friendly calculator the Tier 2 was used in the first level
of the tool, in which the fuel consumption used was the typical value provided by the
methodology [3].

The rail mode encompasses locomotive operations facilitating the movement of
wagons. The quantification of CO; emissions from train activities was grounded in Tier
2 [3], which combines the hours of activity, the output power, the number of locomotives,
the load factor, and the emission factor of the fuel. Due to operational constraints,
it is worth noting that the port terminals do not incorporate power line within their
premises, necessitating the use of shunting locomotives for all handling involving electric
locomotive wagons. To evaluate different railway configurations for their environmental
impact, diesel engines can be compared to those using biodiesel or electricity which are
all considered viable fuel options.

Non-road cargo handling equipment are elements that allow cargo handling oper-
ations to be carried out. The quantification of CO; emissions was based on Tier 3. A
comprehensive approach for assessing different types of handling equipment and fuels
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like electricity, LPG, diesel, B15 and B100 provides an efficient method for accurately
calculating their respective contributions towards overall emission levels.

4 Conclusions

This work aimed to present the development of a CO, calculator. This open access
tool based on scientifically supported calculations will be integrated in the websites
of the Ports of Aveiro and Figueira da Foz, which means that citizens, workers from
transport and logistics companies as well as the Port Authority decision makers can take
advantage of it. It will contribute to raise awareness among different port actors towards
the ultimate objective of carbon neutrality in ports. In fact, this tool can be used by actors
of any Atlantic port environment. The calculation methodology can be simplified or more
complex, from a single piece of equipment to the logistics chain, with the possibility of
combining different fuels, means of transport. Upon the input of the relevant parameters,
the calculator delivers of CO, emissions estimates for each mode of transportation. These
results empower stakeholders to make informed decisions regarding route optimization,
fuel choices, and equipment upgrades, ultimately contributing to emissions reduction.
The possibility of combining and comparing different “what-if”” scenarios was tested.

In conclusion, the web calculator presented here is an user-friendly tool for assessing
emissions from multimodal freight transportation. By aiding in the quantification of
emissions, this calculator supports environmentally responsible decision-making in the
freight transportation sector, contributing to global decarbonization efforts. For future
work, the authors would like to apply this tool to other ports in the country and even
outside Portugal, since the calculator was developed to have easy scalability.
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