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Abstract

The implementation of shore connection services at tanker docks is a
critical advancement towards reducing the environmental impact of
maritime operations. This technical analysis evaluates the effectiveness,
efficiency, and economic implications of using shore power connections
for tankers during docking periods. The study involves a comprehensive
assessment of the infrastructure requirements, installation processes,
and operational protocols associated with shore connection services. By
utilizing shore power, tankers can shut down their auxiliary engines
while docked, significantly reducing emissions of CO2, NOx, and
particulate matter. Data collected from multiple tanker docks equipped
with shore connection systems reveal substantial reductions in fuel
consumption and operational costs. Additionally, the analysis highlights
the technical challenges encountered, such as compatibility issues
between ship and port electrical systems, and proposes solutions to
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enhance interoperability. The economic evaluation indicates that while Ad

initial installation costs are high, the long-term benefits in terms of
reduced fuel expenditure and compliance with stringent environmental
regulations justify the investment. The study concludes that shore
connection services represent a viable and sustainable solution for the
maritime industry, promoting cleaner port environments and
contributing to the global effort to mitigate climate change. Further
research is recommended to optimize system designs and expand the
adoption of this technology across different types of ports and vessels.

This is an open access article under the CC BY-NC license

1. Introduction

In recent decades, the maritime industry has come under increasing pressure to reduce the environmental
impact of ship operations [1]. One of the main issues is the greenhouse gas emissions and other air pollutants
produced by ships [2], especially when docked at ports [3]. Tankers, with their large size and significant fuel
consumption, are a major contributor to this [4]. The use of fossil fuel-based generators to provide electricity when
ships are at dock is a source of emissions that needs to be addressed [5]. In this context, shore connection services
[6], or often called cold ironing, emerge as a potential solution [7]. This technology allows ships to turn off their
engines and switch to using electricity from land [8], which is usually cleaner and more efficient [9].

Implementing shore connections at tanker docks is not only about reducing emissions, but is also related to
increasing operational efficiency and reducing long-term operational costs [10]. By utilizing energy sources from
land [11], ships can reduce the use of expensive and inefficient fossil fuels [12], and reduce the need for engine
maintenance [13]. However, the transition to a shore connection system faces various technical and economic
challenges [14]. Implementation of this system requires substantial infrastructure investment at the port, as well as
technical adjustments to the tanker for compatibility with the onshore electrical system [15]. In addition,
international technical standards need to be widely adopted to ensure system interoperability and security.
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This research aims to analyze the technical aspects of using shore connection services at tanker docks. Through
a descriptive analysis approach, this research will identify optimal system configurations, evaluate integration with
port infrastructure [16], and examine existing challenges and opportunities [17]. Data will be collected through
field observations [18], interviews with port operators [19], and a review of relevant literature [20]. It is hoped that
the research results will provide comprehensive insight into the advantages and obstacles in implementing shore
connections, as well as practical recommendations for increasing the adoption of this technology [21]. Thus, this
research contributes to global efforts to achieve more sustainable and environmentally friendly maritime
operations.

2. Method

This research uses a qualitative descriptive approach to analyze the technical aspects of using shore connection
services at tanker docks. The descriptive method was chosen because it allows researchers to observe and describe
phenomena in detail, without intervention or manipulation of variables. Data was collected through several
techniques, including field observations, in-depth interviews with port operators and tanker crews, and literature
reviews. Field observations were carried out at several major ports that have implemented or are currently testing
shore connection systems [22]. It provides a first-hand overview of the technical configurations used, challenges
faced during implementation, and solutions that have been implemented as seen in Figure 1. In-depth interviews
were conducted with various stakeholders, including port managers, technicians, and ship crew, to gain a
comprehensive perspective on system operations and their practical experiences.
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Figure 1. Simple block diagram of shore connection services at a tanker berth.

The literature review includes case studies, previous research papers, and technical documents related to shore
connections. This literature is analyzed to understand the latest developments in shore connection technology,
applicable international standards, and best practices that have been identified in various ports throughout the
world. The data collected was then analyzed using the thematic analysis method to identify main patterns and
themes related to the use of shore connections. The results of this analysis are used to develop practical
recommendations that can help ports and ship operators adopt this technology more effectively [23]. This research
also considers economic aspects, by analyzing the initial investment costs and long-term benefits of using shore
connections, as well as the impact on reducing emissions and operational efficiency of tanker ships [24]. Thus,
this research method is designed to provide a comprehensive understanding of the potential and challenges of
using shore connection services, as well as their contribution to the sustainability of the maritime industry.

3. Result and Discussion
Implementation of Shore Connection at Main Ports

This research looks at the implementation of shore connections at several major ports that have adopted this
technology, such as the Port of Rotterdam, the Port of Singapore, and the Port of Los Angeles. Observation results
show that the technical configuration of shore connections at each port varies according to operational needs and
available electricity capacity [25]. In the Port of Rotterdam, for example, the shore connection system uses high-
voltage electrical connections (6.6 kV to 11 kV) which allows large tankers to meet their power needs without the
need to use fossil fuel generators as seen in Figure 2. Meanwhile, the Port of Los Angeles is adopting a more
flexible approach by providing low and high-voltage options, allowing vessels with varying technical
specifications to use shore connection facilities.
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Figure 2. Port with system power supply via primary line 6.6 kV to 11 kV with single phase fault at delivery
point.

Interviews with port operators and technicians revealed that one of the main challenges in implementing shore
connections is technical adjustments to tankers. Older tankers often require significant modifications to their
electrical systems to be compatible with shore connections. Additionally, international standardization is a critical
issue, with the need to harmonize safety and operational protocols for compatibility between ports [26]. However,
despite technical challenges and high initial investment, the long-term benefits derived from emissions reductions
and operational efficiencies were consistently recognized by all stakeholders interviewed.

Energy Efficiency and Emission Reduction

Data from observations and interviews show that the use of shore connections significantly reduces fuel
consumption and pollutant emissions from anchored tankers. For example, at the Port of Singapore, the
implementation of shore connections on several large tankers has shown a reduction in fuel consumption of up to
30% during the berthing period. This reduction not only reduces operational costs, but also reduces CO2, Nox, and
SOx emissions which are major contributors to air pollution and climate change [27]. A case study at the Port of
Los Angeles also showed similar results, with a reduction in CO2 emissions of up to 40% compared to ships using
diesel-fueled generators during anchorage.

Economic analysis reveals that although the initial investment costs for shore connection infrastructure are
quite high, the long-term savings in fuel costs and engine maintenance costs can offset this investment. For
example, in the Port of Rotterdam, estimates show that the port could reach a break-even point within 5-7 years
after implementing shore connections, with the potential for significant operational savings thereafter [28]. In
addition, government incentives and increasingly stringent environmental regulations provide additional
encouragement for ports and ship operators to adopt this technology.

Operational Challenges and Solutions

This research also identifies several operational challenges faced in implementing shore connections. One of
the main challenges is the technical compatibility between ships and port infrastructure. Older tankers often require
significant modifications to integrate shore connection systems, including electrical system upgrades and
installation of additional equipment. This creates additional costs and operational downtime that ship operators
need to take into account. In addition, differences in technical standards between countries and ports are an obstacle
to wider implementation as seen in Figure 3. For example, different electrical voltages and frequencies in various
ports require ships to have more flexible adaptability.
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Figure 3. The dock running the Shore Connection Service at the Tanker Pier is moored alongside.

To overcome these challenges, several solutions have been identified. First, the development of international
technical standards that can be applied globally is essential to ensure operational compatibility and security. The
International Maritime Organization (IMO) and International Electrotechnical Commission (IEC) are working on
this standardization, but implementation and widespread adoption still take time. Second, ports can offer financial
incentives to ships that invest in upgrading their electrical systems. This incentive can take the form of a reduction
in port fees or a direct subsidy for the installation of shore connection equipment. Third, ports and ship operators
can work together on training programs to improve the technical skills of ship crew and port technicians in
operating and maintaining shore connection systems.

Future Potential and Recommendations

Based on the results and analysis carried out, the use of shore connections has great potential to improve
sustainability and operational efficiency in the maritime industry, especially for tankers. To maximize this
potential, several strategic recommendations are proposed. First, ports must continue to invest in shore connection
infrastructure and ensure the availability of this service for various types of vessels. Second, collaboration between
ports, ship operators, and international regulatory bodies needs to be improved to accelerate the development and
adoption of uniform technical standards [29]. Third, financial incentives and supporting regulations need to be
expanded to encourage more ship operators to adopt shore connection technology [30]. Governments can play an
important role in this by offering subsidies, tax breaks, or other incentives to ports and ship operators that invest
in green technologies. Fourth, research and development must continue to be encouraged to increase efficiency
and reduce the costs of implementing shore connections. New technologies such as automation systems and smart
grids can provide innovative solutions to existing operational challenges.

By implementing these recommendations, the maritime industry can more quickly transition to cleaner and
more efficient operations, making a significant contribution to reducing global emissions and protecting the marine
environment. This research shows that despite technical and economic challenges, the long-term benefits of using
shore connections far outweigh the initial costs, making them a worthwhile investment for a more sustainable
future for the shipping industry.

4. Conclusion

In summary, this research examines the technical aspects of using shore connection services at tanker berths,
with a focus on implementation, energy efficiency, emission reduction, operational challenges and potential
solutions. The study results show that shore connection is an effective solution for reducing fuel consumption and
pollutant emissions, as well as increasing the operational efficiency of anchored tankers. Implementation of this
technology in major ports, such as Rotterdam, Singapore and Los Angeles, has proven significant environmental
and economic benefits. However, challenges such as high initial investment costs, the need for technical
adjustments to vessels, and differences in international standards need to be overcome. Recommendations to
address these challenges include developing global technical standards, providing financial incentives, and
increasing collaboration between ports, ship operators, and regulatory agencies. This research confirms that shore
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connections are a worthwhile investment for a more sustainable future for the maritime industry, and with the right
support, this technology can be widely adopted to achieve cleaner and more efficient shipping operations..

Acknowledgment
The author would like to thank Pertamina University for the support and facilities provided.
References

[1] H. N. Psaraftis, T. Zis, and S. Lagouvardou, “A comparative evaluation of market based measures for
shipping decarbonization,” Maritime Transport Research, vol. 2, p. 100019, Jan. 2021, doi:
10.1016/j.martra.2021.100019.

[2] D. Darminto et al., “Unrevealing tunable resonant excitons and correlated plasmons and their coupling in
new amorphous carbon-like for highly efficient photovoltaic devices,” Sci Rep, vol. 13, no. 1, Art. no. 1,
May 2023, doi: 10.1038/s41598-023-31552-5.

[3] D. Hamdani, S. Prayogi, Y. Cahyono, G. Yudoyono, and D. Darminto, “The influences of the front work
function and intrinsic bilayer (i1, i2) on p-i-n based amorphous silicon solar cell’s performances: A
numerical study,” Cogent Engineering, vol. 9, no. 1, p. 2110726, Dec. 2022, doi:
10.1080/23311916.2022.2110726.

[4] F. Ballini and R. Bozzo, “Air pollution from ships in ports: The socio-economic benefit of cold-ironing
technology,” Research in Transportation Business & Management, vol. 17, pp. 92-98, Dec. 2015, doi:
10.1016/j.rtbm.2015.10.007.

[5] J. Pruyn and J. Willeijns, “Cold ironing: modelling the interdependence of terminals and vessels in their
choice of suitable systems,” Journal of Shipping and Trade, vol. 7, no. 1, p. 17, Jul. 2022, doi:
10.1186/s41072-022-00119-4.

[6] S. Prayogi, F. Silviana, and Z. Zainuddin, “Understanding of the Experimental Concept of Radiation
Absorption of Radioactive Materials,” Journal of Physics: Theories and Applications, vol. 7, no. 1, Art. no.
1, Mar. 2023, doi: 10.20961/jphystheor-appl.v7il.70138.

[7]1 E. A. Sciberras, B. Zahawi, and D. J. Atkinson, “Electrical characteristics of cold ironing energy supply for
berthed ships,” Transportation Research Part D: Transport and Environment, vol. 39, pp. 31-43, Aug.
2015, doi: 10.1016/j.trd.2015.05.007.

[8] S. Prayogi, “Thin Layer Deposition of a-Si: H n-Type Hydrogenated Amorphous Silicon using PECVD,”
Journal of Science and Informatics for Society (JSIS), vol. 1, no. 1, Art. no. 1, Feb. 2023.

[91 S. German-Galkin and D. Tarnapowicz, “Energy Optimization of the ‘Shore to Ship’ System—A Universal
Power System for Ships at Berth in a Port,” Sensors (Basel), vol. 20, no. 14, p. 3815, Jul. 2020, doi:
10.3390/5s20143815.

[10] A. Innes and J. Monios, “Identifying the unique challenges of installing cold ironing at small and medium
ports — The case of aberdeen,” Transportation Research Part D: Transport and Environment, vol. 62, pp.
298-313, Jul. 2018, doi: 10.1016/j.trd.2018.02.004.

[11] D. Hamdani, S. Prayogi, Y. Cahyono, G. Yudoyono, and D. Darminto, “The Effects of Dopant
Concentration on the Performances of the a-SiOx:H(p)/a-Si:H(il)/a-Si:H(i2)/uc-Si:H(n) Heterojunction
Solar Cell,” International Journal of Renewable Energy Development, vol. 11, no. 1, pp. 173-181, Feb.
2022, doi: 10.14710/ijred.2022.40193.

[12] S. Prayogiand M. 1. Marzuki, “The Effect of Addition of SnO2 Doping on The Electronic Structure of TiO2
Thin Film as Photo-Anode in DSSC Applications,” Journal of Emerging Supply Chain, Clean Energy, and
Process Engineering, vol. 1, no. 1, Art. no. 1, Sep. 2022, doi: 10.57102/jescee.v1il.3.

[13] M. Viana et al., “Impact of maritime transport emissions on coastal air quality in Europe,” Atmospheric
Environment, vol. 90, pp. 96-105, Jun. 2014, doi: 10.1016/j.atmosenv.2014.03.046.

[14] S. Prayogi, Y. Cahyono, I. Igballudin, M. Stchakovsky, and D. Darminto, “The effect of adding an active
layer to the structure of a-Si: H solar cells on the efficiency using RF-PECVD,” J Mater Sci: Mater Electron,
vol. 32, no. 6, pp. 7609-7618, Mar. 2021, doi: 10.1007/s10854-021-05477-6.

[15] S. Fang and H. Wang, “Introduction to the Multi-energy Maritime Grids,” in Optimization-Based Energy
Management for Multi-energy Maritime Grids, S. Fang and H. Wang, Eds., Singapore: Springer, 2021, pp.
1-29. doi: 10.1007/978-981-33-6734-0_1.

[16] S. Prayogi, Y. Cahyono, and D. Darminto, “Electronic structure analysis of a-Si:H p-il-i2-n solar
cells using ellipsometry spectroscopy,” Opt Quant Electron, vol. 54, no. 11, p. 732, Sep. 2022, doi:
10.1007/s11082-022-04044-5.

41



Journal of Emerging Supply Chain, Clean Energy, and Process Engineering p-1SSN: 2963-8577
Vol. 3, No. 1, June 2024, pp. 37-43 e-1SSN: 2964-3511

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

K. T. Gillingham and P. Huang, “Long-Run Environmental and Economic Impacts of Electrifying
Waterborne Shipping in the United States,” Environ. Sci. Technol., vol. 54, no. 16, pp. 9824-9833, Aug.
2020, doi: 10.1021/acs.est.0c03298.

Z. Zainuddin, M. Syukri, S. Prayogi, and S. Luthfia, “Implementation of Engineering Everywhere in Physics
LKPD Based on STEM Approach to Improve Science Process Skills,” Jurnal Pendidikan Sains Indonesia
(Indonesian Journal of Science Education), vol. 10, no. 2, Art. no. 2, Apr. 2022, doi:
10.24815/jpsi.v10i2.23130.

S. Prayogi, A. Ayunis, Y. Cahyono, and D. Darminto, “N-type H2-doped amorphous silicon layer for solar-
cell application,” Mater Renew Sustain Energy, Apr. 2023, doi: 10.1007/s40243-023-00232-9.

I. Krdmer and E. Czermanski, “Onshore power one option to reduce air emissions in ports,”
NachhaltigkeitsManagementForum, vol. 28, no. 1, pp. 13-20, Jun. 2020, doi: 10.1007/s00550-020-00497-
y.
L. Tian et al., “Shipping emissions associated with increased cardiovascular hospitalizations,” Atmospheric
Environment, vol. 74, pp. 320-325, Aug. 2013, doi: 10.1016/j.atmosenv.2013.04.014.

J. Qi, S. Wang, and C. Peng, “Shore power management for maritime transportation: Status and
perspectives,”  Maritime  Transport Research, wvol. 1, p. 100004, Jan. 2020, doi:
10.1016/j.martra.2020.100004.

S. Prayogi, “Enhancement of the Silicon Nanocrystals’ Electronic Structure within a Silicon Carbide
Matrix,” Indonesian Journal of Chemistry, vol. 24, no. 1, Art. no. 1, Feb. 2024, doi: 10.22146/ijc.79864.
R. Winkel, U. Weddige, D. Johnsen, V. Hoen, and S. Papaefthimiou, “Shore Side Electricity in Europe:
Potential and environmental benefits,” Energy Policy, vol. 88, pp. 584-593, Jan. 2016, doi:
10.1016/j.enpol.2015.07.013.

B. Stolz, M. Held, G. Georges, and K. Boulouchos, “The CO2 reduction potential of shore-side electricity
in Europe,” Applied Energy, vol. 285, p. 116425, Mar. 2021, doi: 10.1016/j.apenergy.2020.116425.

B. Knopf, P. Nahmmacher, and E. Schmid, “The European renewable energy target for 2030 — An impact
assessment of the electricity sector,” Energy Policy, vol. 85, pp. 50-60, Oct. 2015, doi:
10.1016/j.enpol.2015.05.010.

V. Eyring et al., “Transport impacts on atmosphere and climate: Shipping,” Atmospheric Environment, vol.
44, no. 37, pp. 4735-4771, Dec. 2010, doi: 10.1016/j.atmosenv.2009.04.059.

F. Silviana and S. Prayogi, “Utilization of Smartphones in Experiments of Measurement of Electron-Mass
Charge Ratio,” International Journal of Engineering and Science Applications, vol. 10, no. 1, Art. no. 1,
May 2023.

F. Silviana and S. Prayogi, “An Easy-to-Use Magnetic Dynamometer for Teaching Newton’s Third Law,”
Jurnal Pendidikan Fisika dan Teknologi, vol. 9, no. 1, Art. no. 1, Jun. 2023, doi: 10.29303/jpft.v9i1.4810.
M. Marzuki, S. Prayogi, and M. Abdillah, “Data-Driven Based Model For Predictive Maintenance
Applications In Industrial System,” presented at the Proceedings of the International Conference on
Sustainable Engineering, Infrastructure and Development, ICO-SEID 2022, 23-24 November 2022, Jakarta,
Indonesia, Dec. 2023. Accessed: Jun. 04, 2024. [Online]. Available: https://eudl.eu/doi/10.4108/eai.23-11-
2022.2341596

42



Journal of Emerging Supply Chain, Clean Energy, and Process Engineering p-1SSN: 2963-8¢
Vol. 3, No. 1, June 2024, pp. 37-43 e-1SSN: 2964-3¢

Biographies of Authors

Malvin Zapata © k{ P s a student of the Electrical Engineering Study
Program, Faculty of Industrial Engineering, Pertamina University class of 2019.
He can be contacted at email: Igbal89@gmail.com.

Dr. Soni Prayogi, M.Si © E:{ B8 ® currently works in Electrical Engineering, at
Pertamina University, Indonesia. He does research in materials science,
condensed matter physics, magnetic compounds, and nano-/2D-materials. He can
be contacted at email: soni.prayogi@ universitaspertamina.ac.id.

43


https://orcid.org/0000-0002-0128-1778
https://scholar.google.com/citations?user=RHRBcmoAAAAJ&hl=en&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=56440085100
https://publons.com/researcher/N-3908-2018/
https://orcid.org/0000-0002-6444-0756
https://scholar.google.com/citations?user=V6BGDq4AAAAJ&hl=id&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=57216312390
https://publons.com/researcher/AAG-6329-2019/

