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Abstract. Port areas play a key role in the economic well-being of modern soci-
eties by facilitating trade, creating jobs, generating revenue, improving sea trans-
port efficiency and promoting regional development. One of the biggest concerns
associated is related with high levels of greenhouse gases emissions. The present
work aimed at quantifying the emissions generated by several mobility alterna-
tives (road, maritime and rail modes) carried out in Aveiro and Figueira da Foz
ports, located in the Centre region of Portugal and propose a Mobility Decar-
bonization Plan in small-medium size Ports. PTV VISSIM microscopic model
was used to assess vehicles flows to/from/inside the Ports. Using the methodology
EMEP/ EEA, the results indicate that 19 600 t and 6 750 t of CO, were emitted in
Aveiro Port, and 4 900 t and 1 900 t of CO; emissions in Figueira da Foz Port for
the years 2022 and 1990, respectively. Subsequently, alternative scenarios con-
cerning alternative fuels, electrification and intermodality were analyzed. Among
the measures studied with the greatest potential for reducing CO, emissions are
onshore power, electrification of cargo handling equipment, cargo modal shift
from road to rail transport and the use of B100 as alternative fuel. Finally, the
mobility decarbonization plan based on the alternative scenarios was designed.

Keywords: Small-medium Seaports - Mobility - GHG Emissions - PTV
VISSIM - EMEP/ EEA

1 Introduction

Ports are spaces with infrastructure that allows ships to dock, load and unload goods, and
embark and disembark passengers [1]. They are therefore considered multimodal nodes,
where goods are transferred between different modes of transport, such as sea, rail and
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road. Thus, port activities are not limited to maritime transport, and there are various
sources of environmental pressure in the area, namely road and rail transport. According
to studies, the most polluted cities are in coastal areas, aggravated by the fact that around
70% of maritime emissions occur up to 400 kms from the coast. The pollutants emitted
are easily transported to cities on the coast, causing health risks for inhabitants and a
deterioration in local air quality [2—4]. While there are several sustainability reports and
inventory of greenhouse gases (GHG) emissions for ports (e.g., [5, 6]), some energy
transition roadmaps for the port environment [7], there are few ports stablishing targets
and guidelines for decarbonizing mobility (e.g., [8]).

Thus, the main objective of this paper is to study the impact on GHG emissions
of a set of strategies to implement them in a mobility decarbonization plan for a small
and medium-sized port area. The study area will focus on the Ports of Aveiro and
Figueira da Foz, in the Centre region of Portugal. To achieve the main objective, the
environmental pressures were first assessed, particularly the GHG emissions resulting
from mobility activities in the ports. After the GHG emissions in the ports under analysis
were quantified, several scenarios were established. In the end, a decarbonization plan
with concrete measures was designed and proposed.

2 Methodology

2.1 Case Study

This section aims to describe the scope of the work, which is directed to two study areas,
the Ports of Aveiro and Figueira da Foz. The case study focuses on the quantification of
GHG emissions arising from port mobility activities in 1990 and 2022.

The Port of Aveiro has 7 specialized terminals (North, South, Solid Bulk, Liquid
Bulk, Container and Ro-Ro Terminals, Coastal and Long-Distance Fishing Ports) and 1
intermodal logistics zone. In 2022, there was a movement of about 5.78 million tonnes,
with the entry of 1 053 vessels. The total volume of cargo consisted of 38% dry bulk,
36% general cargo and 26% liquid bulk. The Port of Figueira da Foz has several areas in
its facilities: Recreational Dock, General Cargo, Solid Bulk and Liquid Bulk Terminals,
Coastal Fishing Harbor and the logistics zone. In 2022, a total of 2.2 million tonnes were
handled, with 536 vessels recorded. In this case, the cargo distribution consisted of 48%
dry bulk, 44% general cargo, 7% containers and 1% liquid bulk.

2.2 Transport Flow Modelling and GHG Emissions Calculation

This section aims to present the methodology used for modelling and simulating the
activities of rail and road modes. The software selected was PTV VISSIM [9]. VISSIM
simulates the behaviour of individual vehicles and their interactions on a given transport
network. For both ports, it was assumed that the cargo was moved to the proximity of the
vicinity of the place where it was subsequently placed. The modelling of the railway mode
aimed to simulate the railway activity from trainsets consisting of combustion engine
locomotives. The road mode supports movement of cargo and workers. Its modelling
aimed to simulate the flows of passenger cars and heavy goods vehicles operating on
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a typical working day, between 6am-9pm. It was possible to analyze about 91 km of
roadway for the Port of Aveiro and 25 km for the Port of Figueira da Foz. Once the
network modelling was completed, driving behavior was depicted from speed reduction
and speed limitation zones. The model was calibrated and validated [10].

Regarding emissions, the methodology selected was EMEP/ EEA, authored by the
European Environment Agency [11]. To quantify CO; emissions from ships activity in
both ports, Tier 3 equations were used. The emission factors were obtained from the
ENTEC manual (2010) [12]. In the case of vessels, the calculation used the equation of
Tier 1, based on average fuel consumption. For rail, the quantification of CO, emissions
from combustion train activity was based on Tier 3 [5]. For operational reasons, the
port terminals do not have catenaries inside them, so all the activity of handling electric
locomotive wagons is carried out using shunting locomotives. The quantification of
CO; emissions from the operation of the locomotive by Tier 2 was possible from fuel
consumption data in each port, 4 725 1 and 4 571 1 consumed in Aveiro and Figueira
da Foz, respectively. The road mode includes passenger car and heavy goods vehicle
activity. Initially, the energy consumed (MJ/kWh) was obtained as a function of the
average speeds of the vehicles, using the Tier 3. Next, CO, emissions are calculated
from the relationship with the fuel consumption [11]. Finally, non-road cargo handling
equipment are elements that allow cargo handling operations to be carried out. The
quantification of CO, emissions was based on Tier 2 and 3 equations, assuming diesel
consumption.

2.3 Alternative Scenarios

This section aims to implement scenarios on alternative fuels, electrification and inter-
modality. These consider emission factors based on life-cycle analysis of different energy
vectors [13]. For alternative fuels, hydrogen, methanol and biofuels were studied. The
first two were implemented in the activity of ships. Biofuels were implemented in ships,
vessels, road mode and port equipment. For electrification theme it was analyzed sce-
narios where electric power is applied to ships, in their berthing phase, to the road mode
and to port equipment. The topic of intermodality aims to analyze scenarios where the
concept is applied to 4 scenarios: extrapolation of 30% and of 50% of the cargo handled
by road to rail, and implementation of 750 m trains with daily and tri-daily operations
(percentages intended to fulfil the objectives of the Portuguese National Railway Plan).

3 Results and Discussion

This chapter presents the inventory of CO, emissions and the reduction potential in the
Ports of Aveiro and Figueira da Foz calculated through EMEP/EEA methodology. The
emissions analysis section aims to portray the GHG emissions inventory prepared for
the mobility activities of both port areas, in the years 1990 and 2022. The complete
inventory of CO; emissions is shown in Table 1. From the observation of the Table 1
it is remarkable the contribution of the maritime mode to the GHG emissions of both
ports. The contribution of this mode to the GHG emissions of the ports in 2022 is in the
order of magnitude of the values of the literature (44%, 87%, 33—-62% and 46%) [4, 14].
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Table 1. Inventory of CO; emissions in 1990 and 2022

Port Aveiro Figueira da Foz

Mode 2022 % 1990 % 2022 % 1990 %
Maritime 12377t 627 |6753¢ |90 3505¢ |71.4 |[1754¢ |92
Rail 23t 0.1 - - 18 ¢ 04 |- -
Road 28%t 147 4451t 7 258t 53 |71t 4
Handling equipments |2 256 ¢ 225 |2141¢ 3 1126+ 229 |82t 4
TOTAL 19750¢ |100 |6753¢ |100 [4906¢ |100 |1907¢ |100

In 2022, CO, emissions from ships and pilot boats were quantified in maritime mode.
CO; emissions from tugboats and fishing vessels were also estimated. Table 2 shows
the obtained results. To validate the results obtained for CO, emissions at the time of
berthing, it was possible to conclude that the contributions of the respective phase to the
GHG emissions of ports, in the same order of magnitude as the values described in the
literature (50- 80%) [4, 14].

Table 2. Inventory of CO, emissions for maritime transport in 2022

Type Phase Aveiro Contribution Fig. da Foz Contribution

Ship Manoeuvres 1045t 5.3% 272t 5.5%
Berth 10118t 51.2% 2744t 56.0%

Pilot boat Manoeuvres 92t 0.5% 16t 0.3%

Tug boat Manoeuvres 624 t 3.2% 291t 5.9%

Fish boat Manoeuvres 496 t 2.5% 181t 3.7%

Figure la represents the CO, emission reduction potential for different alternative
fuels for certain percentage levels of penetration (namely 30% of biodiesel in diesel —
B30) within the fleet of ships while Fig. 1b) focus on electrification scenario. When it
comes to electrification, the intention of port entities is to invest in the production of
renewable electrical energy, allowing its supply to equipment operating in the facilities.
In this way, measures were suggested that aim to replace conventional models with
electric models (heavy duty vehicles — HDV's and ships).

A path of possible measures to be implemented was established, aiming at the goals
set by the port authorities. The measures defined were based on the alternative scenarios
previously studied, to be considered the life cycle analyses of the different energy means
and the affected fleet. On the other hand, for the years 2025 and 2030, emission factor
values were defined based on the claims outlined in the National Energy and Climate
Plan 2021-2030. It is also important to highlight the project of the Port of Aveiro with a
view to producing 7 GWh per year, by 2030, of renewables [7]. From the inventories of
ship entries in 2022, the years of the models that had activity were analysed. Considering
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Fig. 1. Emissions of CO; reduction potential for: a) alternative fuels in ships; b) electrification.

a useful life of 25 years, the data allowed to predict the replacement of conventional ship
models by alternative solutions. Decarbonization measures were assessed for the years
2025, 2030, 2040 and 2050.

Figure 2 shows global emission reductions predicted for 2025, 2030, 2040 and 2050.
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Fig. 2. GHG Emissions reduction with the implementation of a mobility decarbonization plan

4 Conclusions

This work aimed at defining a mobility decarbonization plan based on new scenarios
assessed with prospects of gradual technological evolution in the medium and long
term. Based on the measures implemented, it is justified the need to increase the share
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of renewable energies in the electricity generation system, to make it possible to reduce
GHG emissions. In this case a challenge will be the annual production of electricity to
meet the needs of transport modes. In short, the decarbonization of the port sector requires
more sustainable approaches throughout the life cycle of the energy resources used.
New paradigms need to be applied along the entire chain and enable cost-competitive
commercialization compared to conventional fuels.

Acknowledgements. A-AAGORA Atlantic-Artic Mission Project (funding from the EU
Horizon Europe research and Innovation Programme under Grant Agreement 101093956);
UIDB/00481/2020; UIDP/00481/2020 and UIDB/ECI/04450/2020 - FCT; and CENTRO-01-
0145-FEDER-022083 - Centro Portugal Regional Operational Program (Centro2020), under
the PORTUGAL 2020 Partnership Agreement, through the European Regional Development
Fund. https://doi.org/10.54499/2023.14870.PEX, funded by FCT - Fundacdo para a Ciéncia e
a Tecnologia.

References

1. EC: Reference Manual on Maritime Transport Statistics. https://ec.europa.eu/eurostat/doc
uments/29567/3217334/Maritime_reference_manual_2019.pdf. Accessed 09 Oct 2023

2. Alzahrani, A., Petri, 1., Rezgui, Y., Ghoroghi, A.: Decarbonisation of seaports: a review and
directions for future research. Energy Strategy Rev. 38 (2021)

3. Sorte, S., et al.: Studying mitigation measures to improve air quality in the surroundings of a
sea port: In: 19th International Conference on Harmonisation within Atmospheric Dispersion
Model-ling for Regulatory Purposes, Harmo (2019)

4. Sorte, S., Rodrigues, V., Borrego, C., Monteiro, A.: Impact of harbour activities on local air
quality: a review. Environ. Pollut. 257 (2020)

5. Port of Aarhus: Sustainability Report. https://www.portofaarhus.dk/media/Sn4bzg44/aarhus-
havn-sustainability-report-2021.pdf. Accessed 09 Oct 2023

6. Port of Los Angeles: Annual Inventory of Air Emissions. https://www.portoflosangeles.org/
environment/air-quality/air-emissions-inventory. Accessed 09 Oct 2023

7. Port of Aveiro: Strategy for the Energy Transition of the Port of Aveiro. https://portodeaveiro.
pt/documentos/transicao-energetica.pdf. Accessed 09 Oct 2023

8. Lechtenbohmer, S., Schostok, D., Kobiela, G., Knoop, K., Pastowski, A., Heck, S.: Deep
Decarbonization Pathways for Transport and Logistics Related to the Port of Rot-terdam PoR
Transport; synthesis report. https://epub.wupperinst.org/frontdoor/deliver/index/docld/7140/
file/7140_Rotterdam.pdf. Accessed 09 Oct 2023

9. PTV VISSIM. https://www.ptvgroup.com/en/products/. Accessed 08 Oct 2023

10. Coelho, M.C., Mesquita, J., Macedo, E., Macedo, J.: Decarbonising Mobility in Port Cit-
ies. In: EWGT2023 — 25th Euro Working Group on Transportation Meeting, Transportation
Research Procedia. Elsevier (2023)

11. EEA: EMEP/EEA air pollutant emission inventory guidebook. European Environment
Agency. EEA Report No 13/2019. https://www.eea.europa.eu/publications/emep-eea-guideb
00k-2019. Accessed 08 Oct 2023

12. ENTEC: UK Ship Emissions Inventory Final Report. https://uk-air.defra.gov.uk/assets/doc
uments/reports/cat15/1012131459_21897_Final_Report_291110.pdf. Accessed 09 Oct 2023

13. Carvalho, F., O’Malley, J., Osipova, L., Pavlenko, N.: Key Issues in LCA Methodology for
Marine Fuels. https://theicct.org/publication/marine-lca-fuels-apr23/. Accessed 09 Oct 2023


https://doi.org/10.54499/2023.14870.PEX
https://ec.europa.eu/eurostat/documents/29567/3217334/Maritime_reference_manual_2019.pdf
https://ec.europa.eu/eurostat/documents/29567/3217334/Maritime_reference_manual_2019.pdf
https://www.portofaarhus.dk/media/5n4bzg44/aarhus-havn-sustainability-report-2021.pdf
https://www.portofaarhus.dk/media/5n4bzg44/aarhus-havn-sustainability-report-2021.pdf
https://www.portoflosangeles.org/environment/air-quality/air-emissions-inventory
https://www.portoflosangeles.org/environment/air-quality/air-emissions-inventory
https://portodeaveiro.pt/documentos/transicao-energetica.pdf
https://portodeaveiro.pt/documentos/transicao-energetica.pdf
https://epub.wupperinst.org/frontdoor/deliver/index/docId/7140/file/7140_Rotterdam.pdf
https://epub.wupperinst.org/frontdoor/deliver/index/docId/7140/file/7140_Rotterdam.pdf
https://www.ptvgroup.com/en/products/
https://www.eea.europa.eu/publications/emep-eea-guidebook-2019
https://www.eea.europa.eu/publications/emep-eea-guidebook-2019
https://uk-air.defra.gov.uk/assets/documents/reports/cat15/1012131459_21897_Final_Report_291110.pdf
https://uk-air.defra.gov.uk/assets/documents/reports/cat15/1012131459_21897_Final_Report_291110.pdf
https://theicct.org/publication/marine-lca-fuels-apr23/

Improving Transport Performance and Decarbonization Potential 219

14. Sorte, S., Rodrigues, V., Lourengo, R., Borrego, C., Monteiro, A.: Emission inventory for
harbour-related activities: comparison of two distinct bottom-up methodologies. Air Qual.
Atmos. Health 14, 831-842 (2021)

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license and
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


http://creativecommons.org/licenses/by/4.0/

	Improving Transport Performance and Decarbonization Potential in Small-Medium Ports
	1 Introduction
	2 Methodology
	2.1 Case Study
	2.2 Transport Flow Modelling and GHG Emissions Calculation
	2.3 Alternative Scenarios

	3 Results and Discussion
	4 Conclusions
	References


