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Abstract  
Digitalization of the maritime sector has been of great interest in recent years for achieving enhanced 
safety, security, efficiency and environmental sustainability. Digitalization and further optimization of ship-
ping activities have also major economic benefits.  The aim of this study is to examine implementation of 

digitalization as one of the tools to reach the International Maritime Organizationôs (IMO) 2050 goals for 
greenhouse gas (GHG) reduction in the maritime transportation sector  and how different actors perceive 
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The imp ortance of digitalization on GHG emissions reduction can be considered on two levels. Firstly, digi-

talization is recognised as a tool for efficient information gathering, exchange and analysis. On the second 
level, digitalization and data -based systems are  anticipated to cause disruption in the existing maritime 
business models.  

Data sharing along the supply chain on a platform -based structure, combined with machine learning algo-
rithms and predicting analytics, was recognised as one of the important measure s for emission reductions. 

Emission savings could be achieved by optimization of the utilization of cargo carrying capacity, voyage of 
a ship and cargo handling in a port. Maritime ports act as digital links in the value chains of maritime lo-

gistics. Ports  also act as transport hubs with connectivity to the surrounding hinterlands. Just - In -Time arri-
val (JIT) to port minimizes time at anchorage and therefore allows  optimal  voyage speed and creates 
emission savings. Wider use of JIT and voyage optimization re quire development of the current freight 
contract models.  There is an urgent need for real - time and secure data transfer throughout the whole sup-
ply chain, which is partly lacking cost -efficient and reliable communication means. Varying data quality 
and it s scattered locations are also obstacles for optimal utilization of data. Furthermore, a lack of data 

sharing is hindering data -based optimization efforts.  

Different actors are approaching digitalization from their own angles instead of considering how the  entire 
industry should be transformed by digitalization. Development of overlapping systems which do not inter-
act creates yet another challenge to overcome. The industry is also strongly guarding the status quo. How-
ever, new data -based business models mig ht change the current division of processes and tasks in the 
supply chain.  

The interviewed parties see that regulation is not the main way forward to enhance digitalization. How-

ever, some standard formats of information exchange or mutually agreed Applicat ion Programming Inter-
faces (API) could be introduced. Further examination of challenges hindering the implementation of digital-

ization and development of measures to overcome them are required. Understanding how the entire mari-
time transport system will de velop in the future is fundamental in defining emission reduction measures. 
Instead of single energy  efficiency measures, the scope of discussion among regulators and the whole in-
dustry should be wider.  

In the light of this study, it would be beneficial to  include digitalization to be one of the both short - term 

and mid -term emission abatement measures to reach the goals of IMOôs Initial GHG Strategy. 
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Executive summary 

Digitalization of the maritime sector has been of great interest in recent years for achieving 

enhanced safety, security, efficiency and environmental sustainability. Digitalization and fur-

ther optimization of shipping activities have also major economic b enefits.  

The aim of this study is to examine digitalization as one of the tools to reach the International 

Maritime Organizationôs (IMO) 2050 goal to reduce GHG emissions from international shipping 

by 50 % compared with  reference year 200 8. The aim is to find out  how different actors in  the 

transport  chain perceive  the potential  role  of digitalization in emission abatement. Further-

more, t his study explores the challenges  and obstacles for  digitalization of shipping and the 

whole maritime transport and examines possible solutions. The focus of the study is on inter-

faces between the different actors  in the transport chain . 

The study is based on a literature review and  semi -structured  interviews conducted  among 2 2 

actors.  The intervi ewed parties were selected to represent different  parts of the maritime  sup-

ply chain, technology providers , authorities and academia . The interviews focused on under-

standing the challenges and current development trend s regarding digitali zation and its emis-

sion reduction potential.  

According to previous  estimat es, digital enhancements of shipping operations can save up to 

EUR 100 -300 billion annually  in operating costs for EU industries. Furthermore, it has been 

evaluated that the benefits of digitalizat ion in the whole logistics sector will globally be ca. EUR 

1 400 billion by 2025.  

Numerous  new solutions, platforms and standards are being developed to replace the current 

ways of information exchange with digital processes. Based on the study , t he industry faces 

several challenges which slow down the deployment of digital and data -based solutions. The 

main identified challenges hindering digitalization in shipping , as well as identified measure s to 

overcome them,  are discussed  in the report .  

The importance  of digitalization on GHG emissions reduction can be considered  on two levels . 

First ly , digitalization is recognised  as a tool for efficient information gathering, exchange and 

analysis. On the second level, digitalization and data -based  systems are anticipated to cause 

disruption in the existing maritime business models. This would mean more data -  and service -

based optimization of the whole supply chain and possibly drastic changes in the current roles 

and ownership models of the industr y.  

Data  sharing  along the supply chain  on a platform -based structure , combined with machine 

learning algorithms and predicting analytics , was recognised  as one of the important measures 

for emission reductions. Some of the interviewed parties regarded the use of artificial intelli-

gence (AI) crucial for predicting cargo flows. In order to gather and utilize data , it is essential  

to develop the data flow from ship to shore , ship to ship and shore to ship . 

Significant  emission savings could be achieved  by opti mization of  the utili zation of cargo carry-

ing capacity , voyage of a ship and cargo handling in a port.  Maritime ports act as digital link s 

in  the value chains of  maritime logistics, especially regarding  more accurate information on 

ship arrival times. Ports also act  as transport hubs with connectivity to the surrounding hinter-

lands. The f aster the operations of loading and unloading are executed in a port, the more time 

the ship has to optimize its voyage  and speed.  Just - In -Time arrival (JIT)  to port  minimize s 

time at anchorage and therefore allow s optimal voyage speed and  creates  emission savings . 

Wider  use of JIT and voyage optimization  require  development of the current freight contract 

models.  

There is an urgent need for real - time and secure data  transfer  throughout the whole supply 

chain , which is partly lacking  cost -efficient  and reliable communication means. Varying data 
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quality and its scattered locations are also obstacles for optimal utilization of data.  Further-

more, a l ack of data sharing  along the supply chain  is hindering data -based optimization ef-

forts.  

Different actors are  approaching  digitalization from their own angle s and how they as a com-

pany could benefit from it,  instead of considering  how the entire industry should  be trans-

formed  by digitalization.  Develop ment of  overlapping systems which do  not interact creates yet 

another challenge to overcome. The  industry  is also strong ly  guarding the  status quo. How-

ever, n ew data -based business models might change the current division of proc esses  and 

tasks  in the supply chain.  

According to this study, t he lack of progress in digitalization and optimization  in shipping  is not 

due to a lack of regulation. The interviewed parties  see that regulation is not the main way for-

ward to enhance  digitalization . However, s ome standard formats of information exchange or 

mutually agreed  Application Programming Interfaces  (API)  could be introduced.  

As a conclusion , further examination  of challenges hindering the implementation of digitaliza-

tion and de velopment of measures  to overcome them  are  required . Understanding how the en-

tire maritime transport system will develop in the future  is fundamental  in defining  emission 

reduction measures. Instead of single energy -efficien cy measures , the scope  of discussion 

among regulators and the whole industry should be wider .  

Furthermore, in the light of the results of this study , it would be beneficial to include digitiza-

tion to be one of the both short - term and mid - term emission abatement measures to reach 

IMOôs Initial GHG Strategy. 

 

The study has been subcontracted from Wega Group Ltd  by the Finnish Transport and Commu-

nication Agency, Traficom . R esponsible consult ant s were  Aino Rantanen , MSc , Nora Berg , MSc,  

and Eija Kanto , PhD . The study was conducted in June -  September 2019.  
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1  Background  and I ntroduction  

Over 90 % of the worldôs trade is carried by sea and maritime transport is the backbone for 

global trade. Shipping is the most efficient and cost -effective method for  international trans-

portation of goods.  

According to the third IMOôs GHG study1, internat ional shipping emitted 796 million tonnes of 

carbon dioxide (CO 2) in 2012, accounting for about 2.2  % of the total global anthropogenic 

CO2 emissions for that year . It is estimated  that emissions from international shipping could 

grow between 50  % and 250  % by 2050 mainly due to the growth of the world maritime trade.  

The forecasted demand for maritime transports will increase with 60 % by 2050 with the pace 

of growth being highest up to 2030 and with significant differences between the various ship-

ping se gments 2. Therefore, shipping can play an important role in reaching the global GHG 

emission reduction goals.  

International shipping and aviation were excluded from the Paris Agreement 3 (2015), and UN-

FCCC gave a mandate for the International Civil Aviation Organisation (ICAO) and IMO to set 

targets and goals by themselves to decrease GHG emissions from their respective sectors . 

The energy -efficiency requirements  of ships  have been intr oduced  as amendments to MARPOL 4 

Annex VI and the initial IMO strategy on the reduction of GHG emissions from ships 5 has been 

adopted. However, shipping as an industry suffers from systemic inefficiencies that result in 

slow adaption of emission abatement and digital tools. The shipping industry has not yet capi-

taliz ed on the full potential of new technology and communication tools 6.  

Digitalization and automation of shipping and cargo operations can help to reduce emissions  

together with other measures . GHG emissions could be reduced  by operational measures, 

smoother ship -port interfaces and by using larger vessels that could carry more freight in rela-

tion to used energy. Furthermore,  emissions will be reduced  when changing from traditional 

fossil fuels gradually to alternative fuels and renewable sources of energy. Alternative fuels 

and propulsion technologies include e.g. wind power, battery technology and biofuels. In addi-

tion, t he interest in using hydrogen as a fuel solution is  growing . 

1.1  Ship e nergy efficiency requirements  and data collection systems  

The existing regulations on CO 2 emissions in the MARPOL convention include two main 

measures. The Energy Efficiency Design Index (EEDI) refers to new buildings designs whereas 

the Ship Energy Efficiency Management Plan (SEEMP) is for management of ship energy con-

sumption and emissions 7.  

The IMOôs Data Collection System (DCS) is adopted  as amendments to MARPOL Annex VI and 

has been effective from 1 January 2019 . DCS is used  to collect and report fuel oil  consumption  

of ships 8. The system  is integrated to the SEEMP , which should include a description of the 

methodology that is used to collect the data and of the  process  to report the data to the ship's 

flag state.  Ships of 5  000 gross tonnage and above are required to collect consumption data 

for each type of fuel oil they use, as well as other, additional, specified data including proxies 

for transport work. The aggregated data is reported to the flag state after the end of e ach cal-

endar year . The  flag state is  required to subsequently transfer this data to the  IMO Ship Fuel 

                                           
1 IMO 2014. Third IMO GHG Study  
2 DNV GL 2017. Maritime Forecast to 2050  
3 United Nations 2015. Paris Agreement  
4 IMO. Inter national Convention for the Prevention of Pollution from Ships . Accessed  10/09/2019  
5 IMO 2018. Initial IMO Strategy on Reduction of GH G Emissions from Ships  
6 Gustafsson, M. et al. 2019. Driving Emission Out  of Shipping, A race against time . White Paper. Åbo 

Akademi, PBI Research Institute.  
7 IMO 2011. Energy Efficiency M easures  
8 IMO 2016. Data collection system for fuel oil consumption of ships  

https://gmn.imo.org/wp-content/uploads/2017/05/GHG3-Executive-Summary-and-Report_web.pdf
https://eto.dnvgl.com/2018/maritime
https://unfccc.int/sites/default/files/english_paris_agreement.pdf
http://www.imo.org/en/About/Conventions/ListOfConventions/Pages/International-Convention-for-the-Prevention-of-Pollution-from-Ships-(MARPOL).aspx
https://unfccc.int/sites/default/files/resource/250_IMO%20submission_Talanoa%20Dialogue_April%202018.pdf
https://static1.squarespace.com/static/59dfb900c027d857bb430512/t/5d5d0b01ef1a8f000125c88b/1566378757596/Driving+Emissions+Out+of+Shipping+-+A+Race+Against+Time.pdf
http://www.imo.org/en/ourwork/environment/pollutionprevention/airpollution/pages/technical-and-operational-measures.aspx
http://www.imo.org/en/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Data-Collection-System.aspx
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Oil Consumption Database.  IMO Secretariat is required to produce an annual report to the  Ma-

rine Environment Protection Committee ( MEPC) , summarizing the d ata collected.  

Parallel to the IMOôs DCS, the European Union has developed a flag neutral system  for moni-

toring, reporting and verification (MRV) of CO 2 emissions from large ships using EU ports 9. 

From 1 January 2018 onwards, large ships over 5 000 gross tonnage, regardless of flag or 

country of ownership, loading or unloading cargo or passengers at ports in the European Eco-

nomic Area (EEA), are to monitor and report their related CO 2 emissions , and other relevant 

information , such as fuel consumption, dis tance travelled, time at sea and cargo carried on a 

per voyage basis. A monitoring plan is obligatory for each complying ship, and the reported 

CO2 emissions are verified by independent certified bodies and sent to a central database man-

aged by the Europea n Maritime Safety Agency (EMSA, THESIS -MRV).  

1.2  Initial IMO Strategy on reduction of GHG emissions from ships  
and the follow - up measures  

In 2018, IMO adopted an initial strategy on reduction of GHG emissions from ships 5, to be 

complemented by a more developed strategy in 2023. The initial strategy sets out a vision 

which confirms IMOôs commitment to reducing GHG emissions from international shipping. 

There is a clear ambition to pursue efforts towards phasing out GHG emissions entirely by the 

end of this century.  

The strategy envisages a reduction in carbon intensity of international shipping. The CO 2 emis-

sions per transport work, as an ave rage across international shipping, should be reduced by at 

least 40 % by 2030, pursuing efforts towards 70 % by 2050, compared with 2008. The total 

annual GHG emissions from international shipping should reach their peak as soon as possible 

and be reduced  by at least 50 % by 2050 compared with 2008 whilst pursuing efforts towards 

phasing them out.  

The strategy represents a framework for Member States  of IMO , setting out the future vision 

for international shipping, the levels of ambition to reduce GHG emis sions and guiding princi-

ples, and includes candidate measures with possible timelines and their impacts on States. The 

strategy also identifies barriers and supportive measures including capacity building, technical 

co-operation and research and developmen t. The strategy notices that technological innovation 

will be integral to achieve the overall ambition.  

The candidate measures to reduce GHG emissions are divided in short - term (finalized and 

agreed between 2018 and 2023), mid - term (2023 -2030) and long - ter m ( beyond 2030) 

measures. The short - term measures include inter alia:  

¶ considering and analysing the use of speed optimization;  

¶ considering and analysing measures to encourage port developments and activities glob-

ally to facilitate reduction of GHG emission s from shipping, including to further optimize 

the logistic chain and its planning, including ports;  

¶ initiating research and development activities addressing innovative technologies to fur-

ther enhance the energy efficiency of ships; and  

¶ incentives for fir st movers to develop and take up new technologies.  

The 73 rd  session of the Marine Environment Protection Committee (MEPC) approved a follow -

up programme 10 , intended to be used as a planning tool in meeting the timelines identified in 

the initial strategy. Furthermore,  the 74 th  MEPC session  adopted resolution MEPC.323(74) 11  on 

Invitation to Member States to encourage voluntary co -operation between the port and ship-

ping sectors to contribute to reducing GHG emissions from ships. This could include regulatory, 

                                           
9 EU 2015. Regulation on the monitoring, reporting and verification of carbon dioxide emissions from 
maritime transport  
10  IMO 2018. Next steps to deliver IMO GHG strategy  
11  IMO 2019. Draft MEPC resolution that invites Member States to encourage voluntary cooperation be-
tween the port and shippin g sectors to reduce GHG emissions from ships  

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02015R0757-20161216&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02015R0757-20161216&from=EN
http://www.imo.org/en/MediaCentre/PressBriefings/Pages/18-MEPCGHGprogramme.aspx
https://docs.imo.org/Shared/Download.aspx?did=115424
https://docs.imo.org/Shared/Download.aspx?did=115424
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technical, operational and economic actions, such as incentives promoting sustainable low -car-

bon and zero -carbon shipping, and support for the optimization of port calls including facilita-

tion of Just - I n-Time (JIT)  arrival of ships.  

The aim of this study i s to examine digitalization as one of the tools to reach the International 

Maritime Organizationôs (IMO) 2050 goal to reduce GHG emissions from international shipping 

by 50 % compared with  reference year 2008.  The aim is to find out how different actors in  the 

transport chain see the potential role of digitalization in emission abatement. Furthermore, t his 

study explores the challenges and obstacles for digitalization of shipping and the whole mari-

time transport and examines possible solutions. The focus of  the study is on interfaces be-

tween the different actors  in the transport chain . 

2  Material and Methods  

The study is based on a literature review and semi -structured expert interviews held  with  22 

different actors along the maritime transport chain  (Table 1 and A ppendix  1) . One of the inter-

viewed shipowners also acts as a port operator and responded  to  the questions also from an 

additional point of view. Therefore, the total amount of inter view ees is 23.  The interviewed 

parties were selected to represent the different supply chain actors, technology providers, au-

thorities and academia. Interviews were conducted in June -Aug ust 2019.  The interviews were 

conducted face - to - face when possible , otherwise by online meeting, phone  or e -mail . 

Table 1. The shipping stakeholders interviewed in this study.  

Interviewed party  Number of interviews  

Cargo owner  2 interviews  

Agent/forwarder  1 interview  

Ports & port associations  3 interviews  

Port operators  1 interview   

Shipping/maritime organizations  5 interviews  

Authorities  3 interviews  

Academia  1 interview  

Technology and digital system providers  6 interviews  

TOTAL  22  interviews  

The aim was to interview actors across the maritime transport  chain , covering at least one in-

terviewee  per grou p. Therefore, the i nterviewed actors were selected  from different parts of 

the chain, from technology providers and digital solution start -ups to  authorities and academia 

working in the  maritime transport sector. Land  carriers  were excluded due to time  constraints . 

In the following chapters,  the views of the authorities and academia are combined, to  not re-

veal the views of individual interviewees, and because neither of these groups  have  a direct 

financial interest in the field of this study . 

During the interviews, possible emission reduction measures via digitalization were discussed. 

The interviewees were asked how they see digitalization in terms of emission abatement. The 

proposed measures were categorized  as operational/institutional measures and technical 

measures. The need for standardized means of information exchange as a measure for GHG 

reduction was asked distinctly.  

The key questio ns of the interviews  are listed  in Appendix  2. Depending o n the inter viewed 

person and the operations he/she was representing, more detailed follow -up questions were 

asked  within  this  key  framework.  
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3  Results  and Discussion  

3.1  The role of  d igitalization in maritime transport  

According to the Finnish Governmental Resolution 12 , Artificial Intelligence (AI), big data and 

Internet of Things (IoT) will bring knowledge management into the field of logistics. Compared 

with other transport sectors, shipping still relies mostly on old manual systems and data shar-

ing and use of digital s ystems are not yet the norm. The logistics sector has not made any re-

markable progress in terms of digitalization compared with the situation a decade ago due to 

lack of change innovation drivers in the sector 13 . However, existing information systems con-

tai n almost all information needed, but the challenge is to integrate the information and to 

check its reliability and validity 14 .  Another  challenge is the lack of trust between the actors to 

share data.   

 
Digitalization is considered to influence the maritime  industry on two levels.  Firstly, digital data 

enables optimizing shipsô operational and energy efficiency and significantly improves the ex-

change of information between different actors. Collecting and sharing of digital data enables 

optimization of opera tions in the whole supply chain. Gathering and sharing digital data is also 

a prerequisite for automatization of operations. Secondly, business models in shipping and the 

overall concept of how ships are operated might be chang ed due to digitalization. Thi s will 

have an impact on energy usage. T raffic, port logistics and JIT arrival will change as an elec-

tronic revolution takes place with data and networking of technologies 15 .  

Digital technologies will ensure shorter waiting times for ships and faster processing in termi-

nals 16 . Also, optimized voyages by adapting navigation according to real - time weather, wind 

and ocean current data will lead to decreases in energy consumption. For example, integration 

platforms and machine learning could be used to coll ect operational ship data from system 

suppliers 14  17  18 .  This requires that the systems utilize standardized data formats.  
The use of IoT sensors on board ships to  proactively monitor possible system errors can also 

reduce the need of flying in technicians to ships to fix errors and spare parts to a ship in 

transit.  Smart container technologies and real - time tracking of cargo by Global Positioning Sys-

tem (GPS) and o ther information and communication technologies (ICT) will increase the 

transparency on th e transport route from the sender to the recipient. 19  Digitalization can be  

used  in ports to handle future challenges such as capacity bottlenecks, issues of accessibility, 

and environmental challenges by involving analytics to forecast arrival and waiting times and 

to identify errors in the supply chain.  

 

The usage of blockchain tech nology has been of growing interest in digitalization of the supply 

chain. A blockchain is a decentralized, distributed and public digital ledger that is used to rec-

ord transactions across many computers so that any involved record cannot be altered retroa c-

tively without the alteration of all subsequent blocks. This allows the participants to verify and 

                                           
12  Finnish Government 2018 . Resolution on the enhancement of digitalization in the transport and logis-
tics sectors . 
13  Transport Intelligence  2019.  Global Freight Forwarding 2019 . 
14  Heilig, L. & Voss, S. 2017.  Status q uo and innovative approaches for maritime logistics in the age of 
digitalization: a guest editorsô introduction. Information Technology Management 18: 175.  
15  Berg, D., & Hauer, M. 2015. Digitalisation in shipping and logistics. Asia Insurance Review 52 . 
16  Lee, S.Y. et al. 2016. Port e -Transformation, customer satisfaction and competitiveness.  Maritime Pol-
icy & Management 42(5): 630 -645  
17  Grucza, D. 2017. Industry 4.0 on the High Seas . Maritime reporter and engineering links. Accessed 
15/07/2019.  
18  Grucza, D. 2017. Industry 4.0 on the High Seas . Maritime reporter and engineering links. Accessed 

15/07/2019.  
19  Fruth, M. & Teuteberg, F. 2017. Digitalization in maritime logistics ðWhat is there and what is missing? 
Cogent Business & Management 4:1.  

https://valtioneuvosto.fi/paatokset/paatos?decisionId=0900908f8059df65
https://valtioneuvosto.fi/paatokset/paatos?decisionId=0900908f8059df65
https://www.ti-insight.com/product/global-freight-forwarding/
https://link.springer.com/article/10.1007%2Fs10799-017-0282-z
https://link.springer.com/article/10.1007%2Fs10799-017-0282-z
https://www.munichre.com/topics-online/en/2015/09/digitalisation-shipping-logistics
https://magazines.marinelink.com/Magazines/MaritimeReporter/201702/content/industry-high-seas-522738
https://magazines.marinelink.com/Magazines/MaritimeReporter/201702/content/industry-high-seas-522738
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audit transactions independently and relatively inexpensively. According to a case study of en-

hancing information sharing in a Finnish Port community by usi ng blockchain technology, 

knowledge and applications of blockchain are still few. 20  

Digitalization and optimization can also result in  major economic benefits. It is estimated that 

digital enhancements of shipping operations can save up to EUR 100 -300 billi on annually in 

operating costs for EU industries. The digitalization of logistics of goods will result in an esti-

mated decrease of 15 -30 % in CO 2 emissions of the EU transportation sector 12 . Furthermore, 

the World Economic Forum has evaluated that the benefits of digitalization in the logistics sec-

tor will globally be ca. USD 1 500 billion by 2025 21 .  

3.1.1  Examples of maritime digital solutions  

There are countless of digi tal solutions and initiatives already in use and under development. 

Some of the systems and development ideas are described below as examples.  

IMO has defined the concept of e -Navigation to be ña harmonized collection, integration, ex-

change, presentation and analysis of marine information onboard and ashore by electronic 

means to enhance berth to berth navigation and related services and protecti on of the marine 

environmentò. The e -navigation Strategy Implementation Plan (SIP) was approved in Novem-

ber 2014 22 .  

Container lines have collaborated on digital initiatives and started to develop common stand-

ards recently. Digital Container Shipping Associa tion 23  is an alliance to develop information 

technology and security standards to address common challenges in the information exchange. 

Maersk has succeeded in getting CMA CGM, MSC, Hapag -Lloyd and Ocean Network Express to 

join its TradeLens platform. The goal is to digitize the flow of documents in container freight by 

using e.g. blockchain technology 24 . TradeLens was launched to help moderniz ation  of the 

worldôs supply chain ecosystems. Many of the processes for transporting and trading goods are 

costly pa rtly due to manual and paper -based systems. The platform enables participants to 

digitally connect, share information and collaborate across the shipping supply chain. Managing 

the uncertainty of when ships will be served during a port visit would enable h igher fleet and 

capacity utilization generating substantial benefits for all actors in the global transport chain. 25  

There are several start -ups working with different digital and AI solutions for the interaction 

between ship and shore. One of them is Nauti cAI, a  start -up focusing on real - time situational 

awareness solutions. The aim of the company is to connect ships and real - time data in a de-

vice - independent way and to reduce the information friction between the parts in the maritime 

information exchange c hain. The idea is to connect correct information to correct parties with 

custom made, visual real - time awareness solution service. 26  

KNL Networks  provides solutions for maritime connections in the form of IoT and platform ser-

vices and vessel tracking using high - frequency (HF) radio technology supported by satellite 

and mobile communication networks. KNL provides reliable and affordable connectivity through 

a dedicated HF based mesh -network with high security. KNL offers global access to data by in-

tegrating i nto onboard systems and collecting and processing needed and relevant data, send-

ing it via global Wave Access shortwave radio mesh network. The collected data is made avail-

                                           
20  Tähtinen, E. 2019. Blockchain technology to enhance information sharing in a port community Case: 
Vuosaari Harbour,  Port of Helsinki. Unpublished masterôs thesis, University of Turku. 
21  World Economic Forum 2019.  White Paper on Inclusive Deployment of Blockchain for Supply  
22  IMO 2019. E-navigation . Accessed 21/08/2019  
23  Digital Container Shipping Association . Accessed 10/09/2019  
24  Maersk 2019. TradeLens blockchain -enabled digital shipping platform continues expansion with addi-

tion of major ocean carriers Hapag -Lloyd and Ocean Network Express . Accessed 09/09/2019  
25  Lind et al. 2019. Substantial  value  for  shipping  found  in  Port CDM testbeds . Accessed 09/09/2019  
26  NauticAI .  Accessed 13/08/2019  

https://www.weforum.org/whitepapers/inclusive-deployment-of-blockchain-for-supply-chains-part-2-trustworthy-verification-of-digital-identities
http://www.imo.org/en/OurWork/safety/navigation/pages/enavigation.aspx
https://www.dcsa.org/
https://www.maersk.com/news/articles/2019/07/02/hapag-lloyd-and-ocean-network-express-join-tradelens
https://www.maersk.com/news/articles/2019/07/02/hapag-lloyd-and-ocean-network-express-join-tradelens
https://www.researchgate.net/publication/332223072_Substantial_value_for_shipping_found_in_PortCDM_testbeds
https://nauticai.com/
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able for the users through the KNL Cloud where it can easily and securely be retriev ed for fur-

ther processing and analysis. KNL believes that better communications will be the key for fuel 

consumption optimization, emission control and usage of any digital services. 27  

NAPA provides software, services and analytics for shipping. NAPAôs intelligent solutions aim at 

increasing safety, efficiency and productivity in both ship design and operations. NAPAôs solu-

tions for ship operations help in monitoring, planning, analysing and optimizing safety, stability 

and performance for a vessel or a flee t. NAPA combines analytical and big data tools with easy 

to use record -keeping and data management software. For example, NAPA Fleet Intelligence 

combines a variety of data sources with highly accurate ship performance models to create in-

sights and advice for improved performance. 28  

Kongsberg maritime is a Norwegian shipping company and service provider that offers techno-

logical solutions related to seafaring and shipping. The company operates more than 18 000 

ships globally. Kongsberg has introduced cloud -based open digital solutions to help in the inte-

gration and sharing of data. Kongsberg works e.g. with e nergy management and remote oper-

ations of vessels and provides sensor technology for ships, technology for traffic management 

and ship intelligenc e solutions. 29  

More and more digital platforms for shipping are being developed. H alf of the shippers use an 

online platform and ca. 20 % of freight will be covered by these in 2023 13 .  These digital for-

warding platforms are quickly growing and include applications from online booking to digital 

ñcontrol towersò. 

A start -up called Seaber is an independent platform provider that supports direct communica-

tion between shipowners, charterers and other stakeholders to improve operational efficiency. 

The company is currently doing pilots with several Northern European companies. Seaber sys-

tem integrates data from multiple sources and digitalizes monitoring and communicatio n be-

tween shipowners, charterers, port agents, brokers and other stakeholders to improve opera-

tional efficiency. Seaber platform is currently targeted to short -sea shipping of dry bulk cargo 

in Northern Europe. Through the platform, a cargo owner or shippi ng company can optimize its 

operation and look for the most optimal way to transport cargo and to combine transporta-

tions. By using the platform, a shipping company can optimize the use of its vessels and a 

cargo owner can find optimal vessels and routes f or transporting. Use of Seaber platform can 

also save time in the port (ca. 1 -2 hours/port call) through optimal change of information and 

better knowledge of arrival and departure times. 30  

Another start -up called AWAKE.AI  is aiming to create a platform for  smart ports and autono-

mous ships. The company develops open service predicting analytics and machine learning 

models to operators in the maritime sector. AWAKE.AI brings solutions for optimizing port and 

ship operations. AWAKE.AI offers platform -based inf ormation sharing and machine learning, 

which can be used for forecasting as well. AWAKE.AI creates new digital interfaces to places 

where there is still manual change of information. The solution solves currently existing chal-

lenges and contributes to the development of autonomous shipping and enables autonomous 

ships to call at ports. 31  

There is also a lot of on -going work related to standardized communication between ships and 

ports. The Sea Traffic Management (STM) Validation project is a European initiat ive under the 

EUôs Motorways of the Sea umbrella. STM Validation project ended in July 2019 and focused on 

implementing new digital information exchange services for shipping and port industries. STM 

is a concept for sharing secure, relevant and timely mar itime information among authorized 

service providers and users. This is done by a common framework and common standards for 

information and access management. Interoperability between actors is achieved by specifying 

                                           
27  KNL Networks . Accessed 14/08/2019  
28  NAPA. Accessed 12/08/2019  
29  Kongsberg . Accessed 12/08/2019  
30  Seaber . Accessed 17/06/2019  
31  AWAKE.AI . Accessed 14/08/2019  

https://knlnetworks.com/
https://www.napa.fi/
https://www.kongsberg.com/
https://seaber.io/
https://awake.ai/
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not only what format the data should ha ve but also how the data exchange should be done. 

Four implementation projects have commenced after the completion of STM Validation Pro-

ject. 32  

The Port of Rotterdam has recently launched the company PortXchange to promote the Pronto 

digital platform service offered to ports, shipping companies and terminals. The aim of the 

company is to improve the efficiency of port calls and help their clients in reducing emissions 

with a joint platform enabling optimal planning, execution and monitoring of port cal l activi-

ties 33 . The Port of Oulu, Finland, is currently working on the development of a digital, real - time 

port infrastructure system platform in order to establish a real - time digital picture of the port 

to benefit the whole port community 34 .  

3.2  Information fl ow in the maritime transport chain  

Total seaborne trade volumes reached 10.7 billion tonnes in 2017, of which the top 20 global 

ports handled 9.3 billion tonnes. 752.2 million TEU 35  were moved at container ports worldwide 

in 2017. The world commercial fleet  consists of almost 100 000 vessels 36 . The world fleet is 

registered to over 150 nations and manned by over a million seafarers of virtually every na-

tionality 37 .  

Maritime transport can be roughly divided into short - sea and deep -sea shipping, both with typ-

ica l characteristics, including information flow and digitalization. Short -sea or coastal shipping 

means short distances serviced by small vessels. Short - sea shipping often competes directly 

with land -based transports. Deep -sea shipping is the transportation of commodities in longer 

distances mainly crossing an ocean and is usually operated by bigger vessels (i.e. Supramax, 

Panamax, Post -Panamax, Capesize) in order to achieve economies of scale 38 .  

Maritime industry is very fragmented with high number of differe nt actors and companies.  Due 

to the global context and long history of seafaring, the maritime transport chain is complex 

and includes several stages depending on the type of goods and the route the freight is travel-

ling. The different actors involved in m aritime transportation vary depending e.g. on freight 

type, scope of the companies involved in the transportation and the geographical area in ques-

tion. Fragmented nature of maritime transport chain causes inefficiency.  

The key actors within the maritime t ransport chain are the shipping companies, the ports and 

the different types of terminals. Majority of global shipping companies are small with operating 

fleet of less than five ships. 6 The ship investment is long - term a s the average operating age of  

a ship is 25 -50 years.  

Maritime ports are hubs for the flow of goods and people connecting land, passengers and 

maritime transports 39 . There are some 800 most active maritime ports globally and an addi-

tional couple of thousand smaller ports 40 . The faster the operations of loading and unloading in 

the port are, the more voyages can the ship make and the more effective is the logistics chain. 

Another important factor for ports as transport hubs is their connectivity with the surrounding 

                                           
32  Swedish Maritime Administration 2019. Sea Traffic Management Validation Project, Final Report . 
33  Port of Rotterdam. Port of Rotterdam Authority launches new company PortXchange to make digital 
shipping app Pronto available to ports  worldwide . Accessed 04/09/2019  
34  Port of Oulu.  PORT OULU Smarter. ïdigihankkeen toteutusvaihe starttaa!  Accessed 04/09/2019  
35  twenty - foot equivalent unit  
36  Unit ed Nations Conference on Trade and Development 2018. Review of Maritime Transport 2018 . 
UNCTAD/RMT/2018  
37  International Chamber of Shipping . Accessed 09/09/2019  
38  OpenSea. Pro, Blog: Dry Bulk Market: Shall We Trade Short  Sea or Deep Sea?  Accessed 19/08/2019  
39  Posti, A. et al. 2010. Satamayhteisön informaatiokeskus tiedonvälityksen tehostajana. Publications 
from the Centre for Maritime Studies, University of Turku 175.  
40  Seaports of the World . Accessed 28/08/2019  

https://s3-eu-west-1.amazonaws.com/stm-stmvalidation/uploads/20190709125520/STM-Validation-Final-report.pdf
https://www.portofrotterdam.com/en/news-and-press-releases/port-of-rotterdam-authority-launches-portxchange
https://www.portofrotterdam.com/en/news-and-press-releases/port-of-rotterdam-authority-launches-portxchange
https://ouluport.com/port-oulu-smarter-digihankkeen-toteutusvaihe-starttaa/
https://unctad.org/en/PublicationsLibrary/rmt2018_en.pdf
http://www.ics-shipping.org/shipping-facts/shipping-and-world-trade
https://opensea.pro/blog/short-sea-vs-deep-sea
http://exportvirginia.org/wp-content/uploads/2014/04/Seaports-of-the-World.pdf
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hinterlands. This requires interaction and collaboration between numerous businesses and pub-

lic sector administrative units, e.g. national customs and transport authorities 41 . Therefore, the  

role of ports in the digitalization of the maritime transport chain is of utmost importance.  

Recent analysis of shipping movements in nine European ports identified that cargo vessels 

spent only 60 -70 % of their port time at berth and only 40 -65 % of bert h time was used for 

operations. On average, container ships in a harbour spent ca. 70 % of their time at berth, 

while only 58 % of their time was spent doing operations. 25   

The flow of goods from the manufacturer to the end user is described in a supply chain. In the 

chain, the flows of material, information and money need to be managed simultaneously. Un-

derstanding the whole process and the roles of the numerous a ctors is needed to find the criti-

cal interfaces where digitalization could potentially be utilized to increase efficiency of the en-

tire chain and thereby reduce related emissions.  

Information exchange in the supply chain is quite complex and multi -phased. Figure 1 shows 

an example of information interfaces among different actors in a supply chain from the cargo 

shipper to the cargo receiver. Compared with other transporta tion modes, there are several 

intermediate parties, such as forwarders and agents, involved. The means of communication 

vary from paper documents, phone and e -mail to digital information systems.  

                                           
41  Inkinen, T. et al. 2019. Port Digitalization with Open Data: Challenges, Opportunities, and Integrations. 
J. Open Inno v. Technol. Mark. Complex. 5:30.  
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Figure 1. Example of the supply chain and information interfaces  compiled by the authors.  

In addition to the above -mentioned information flow and information interfaces, there are dif-

ferent protocols related to the required documents in different types of freight transportations.  

These p rotocols vary depending on e.g. cargo type and the division of responsibilities in each 

case.  

3.2.1  Exchange of information in a port  

Typically, there are several parties involved in port operators since usually the port and opera-

tors are different companies, an d a lot of information is exchanged among  them. The flow of 

information can be divided into obligatory information provided to authorities and into ex-

change of information between private companies. Some of the actors have automat ed and 

digita lized  their p rocesses whereas some of the organizations still rely on more traditional 

means such as paper, pen and telefax.  

The required documents vary depending on a port of call. Usually the ship agent is provi des  

the required documents. The so -called pre -arrival documents include dozens of documents 

such as crew and passenger lists, general declarations, descriptions of cargo, information of 

voyage, cargo declarations, and dangerous goods declarations. Some of the documents can be 

directly submitted to EU through national Single Window systems. During this study, the single 
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window system SafeSeaNet -Norway 42  was mentioned as a good example of a well working 

joint platform for information exchange at a Norwegian port f or different stakeholders.  

Some ports have implemented Port Community Systems (PCS) to solve bottlenecks in infor-

mation exchange such as slow communication techniques, large number of documents and 

messages and the incompatibility of working procedures. PC S has mostly been implemented in 

large ports such as the ports of Singapore, Hamburg and Rotterdam. The advantages of these 

systems have been indisputable: processes are faster and less complex, paperwork and errors 

decrease significantly, transparency of data increases, planning becomes easier and reacting to 

disturbances becomes faster. The South Korean national PORT -MIS system has saved ca. USD 

100 million annually 39 .  

The usage of e -mail in information exchange within the port community poses some challenges 

related to the management and archiving of messages, processing time, limited size of attach-

ments, and their incompatibility with operative systems. Also, th e vulnerability of e -mail sys-

tems is often not considered at all when exchanging commercially sensitive information.  

Moreover, most of the port related information is currently exchanged bilaterally between two 

parties. Therefore, the same information need s to be communicated separately to several par-

ties so that all actors can utilize the information in their operations. The shipping company 

usually communicates deviations in the shipsô estimated time of arrival (ETA)  to the port oper-

ator, but the informat ion may not reach other actors such as the carrier collecting the goods. 

This hinders efficient planning of port operations by different actors. 39  

Maritime ports  act as a digital link in the value chains of maritime logistics due to the develop-

ment of digitalization application to offer more accurate ship arrival times and real time cargo 

tracking and visibility 20 .  Having more accurate arrival times also allows ports to manage port 

congestion better and plan the needed capacity for efficient cargo handling.  
 

3.2.2  Exchange of information at sea  

While at sea, the ship is constantly in contact with several actors  (Figure 2) . Communication is 

done via radio (Very High Frequency VHF/ High Frequency HF) and satellite systems, such as 

Inmarsat20 (phone or e -mail). Even with faster satellite connections, ships can st ill be re-

garded as disconnected islands when out in the open seas. Currently all the communication, 

from the leisure usage of the crew to business -critical navigational data by the ship, is nor-

mally done via the same satellite connection and submitted thro ugh the same narrow band-

width, which poses a challenge in terms of cyber security and data transfer efficiency. In re-

mote areas like polar regions, satellite coverage is insufficient, congested or non -existing. The 

cost of satellite communication is also c onsidered quite high. Some vessels also have on -board 

sensors that automatically send data e.g. from the engines to equipment manufacturer or to 

the shipping company on shore.  

                                           
42  Norwegian Coastal Administration . Accessed 04/09/2019  

https://www.mpa.gov.sg/web/wcm/connect/www/72bf3bd7-f1a8-4ab0-8c5c-fdf25e8c09d1/slotsvik_norwegian_single_window.pdf?MOD=AJPERES
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Figure 2. An example of the exchange of information by the ship while sailing. A major part of 
the communication is done via VHF radio and satellite. ETA= estimated time of arrival.  

3.3  Freight contracts  

The main types of cargo shipping operations are liner traffic  and tramp traffic . In regular liner 

traffic, the vessels travel on predetermined routes with set port calls and timetables. Especially 

on longer lines, the schedules are often indicative, such as ñdepartures every two weeksò. The 

route may include several lo ading and discharging  ports, which are not all visited on each trip.  

Tramp traffic , also known as spot traffic , means transport of cargo between occasional ports 

without a regular timetable. Freight is usually freely determined  by supply and demand and 

the transportation is done according to the terms of the charter agreement. Ca. 3/4 of global 

trade is tramp traffic and 1/4 is liner traffic. Tramp traffic is further divided in time charter, 

voyage charter and demise charter tra ffic. 43  

Voyage charter traffic is the most common type of tramp chartering. The shipper of goods 

buys transport for a single voyage from the operator at a fixed price from port A to port B 44 . 

The shipping company transports the agreed cargo from the loading port to the destination 43 . 

In time charter traffic, the shipping company charters the vessel to a charterer for an agreed 

time period and fee. The shipowner is re sponsible for the crew costs, capital costs and the 

maintenance of the vessel. The charterer takes care of the operating costs such as fuel and 

port fees . In demise or bareboat chartering, the shipowner provides only the ship to the char-

terer and pays for all operating costs including fuel, crew, port fees and insurances.  

In the Contract of Affreightment (COA) 45 , a shipowner or operator agrees to transport a given 

quantity over a fixed time. Unlike other chartering types described above, no specific ship is 

named in the contract. It is up to the shipowner or operator to provide ships as needed for the 

project. The cargo owner is liable for payment whether the cargo is ready for shipment or not.  

There are identified bottlenecks in the freight contract system f or implementing optimization 

and emission reduction measures. The charter party is a contract to lease or hire a vessel ap-

plied in tramp traffic between the shipowner and the charterer. The charter party is issued 

                                           
43  Tapaninen, U. 2019. Merenkulun logistiikka. Otatieto  
44  Grammenos, C. (Ed.) 2010. The handbook of maritime economics and business. Taylor & Francis  
45  Stopford, M. 2009. Maritime Economics. Routledge. 3rd ed.  
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prior to loading and includes information of the vessel, the carried cargo and the consignments 

related to the handling of the cargo. It defines the rights and responsibilities of the two parties 

which they can in principal agree upon as they wish, but it is commonly based on a standard 

form. Beca use the shipping industry operates in a global market, the contracts applied are of 

international character. BIMCO is an international shipping association aiming to assist its 

members by facilitating commercial operations by e.g. developing standard contr acts and 

clauses. 46  Due to the traditional nature of shipping, the widely known standard contracts and 

clauses are used rather than negotiating changes. Moreover, the negotiations are often con-

ducted in a limited amount of time and under high economic press ure.  

As the charter party stipulates where and when the cargo must be transported, the shipping 

companies normally profit from arriving in a port as early as possible. The vessels must follow 

the laycan 47  stated in the charter party. The time period reserve d for loading and unloading 

cargo is called laytime. If the agreed laytime is exceeded, the charterer might need to pay a 

demurrage fee for the over time. Laytime starts after a Notification of Readiness (NOR) is 

given by the ship master. 48  This leads to a situation where vessels have economic incentive for 

rush - to -wait to ports.  

Terms of delivery are voluntary rules of conduct between the buyer and the seller that are 

meant to ease the trade between parties. The newest version of Incoterms 2010 is a set of 

pre -defined, most commonly used delivery terms maintained by the International Chamber of 

Commerce (ICC) 49 . The terms are primarily intended to communicate the tasks, costs and risks 

associated with the transportation and delivery of goods and are a registe red trademark of the 

ICC. Figure 3 explains the differences between the terms.  

                                           
46  BIMCO . Accessed 01/08/2019  
47  Period of time during which the shipowner must give the notice of readiness to the charterer that the 
ship has arrived and is ready to load  
48  Personal communication, T. Fröjdman , Bachelor of Maritime Management, 01/08/2019  
49  International chamber of commerce. Incoterms 2010 rules . Accessed 28/08/2019  

https://www.bimco.org/about-us-and-our-members
https://iccwbo.org/publication/incoterms-rules-2010/
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Figure 3. Incoterms 2010 as illustrated. The terms define the party responsible of the cargo dur-

ing the transportation, the party that pays the expenses and the responsibilities of the buyer 
and the seller. Source: https://internationalcommercialterms.guru/ Accessed 17/ 07/2019. Pic-
ture in courtesy of J. Montezuma und er Creative Commons CC BY -SA 4.0  

Some of the most common Incoterms in use are 50 :  

¶ DDP  (Delivery Duty Paid). The seller pays the expenses, including import duties and 

taxes in bringing the goods to destination, and is responsible for delivering the goods to 

the country of the buyer. The seller is responsible for the goods clearance though the 

customs in the country of the buyer.  

¶ EXW  (Ex -Works). The seller delivers when placing the goods at the disposal of the buyer 

available at itsô premises or another place. The EXW has the minimum obligation to the 

seller and that the buyer bears the risks of bringing the goods to the destination.  

¶ DAP  (Delivery at Place). The seller delivers when goods are placed at the disposal of the 

buyer on the arriving means of transport  ready for unloading at the named place of des-

tination. The seller bears the risks in bringing goods to the place of delivery. The seller 

also takes care of legal formalities in the exporting country and clears the goods at his 

own risk but in the country of destination the customs clearance is done by the buyer.  

¶ DDP  (Delivery Duty Paid). The seller is the party responsible for the delivery of goods to 

named place in the country of buyer. The DDP places maximum obligations to the seller 

and minimum for the buyer as the seller bears all costs and risks in bringing the goods 

to destination such as import duties and taxes.  

¶ FOB  (Free on Board). The seller delivers the goods on board the vessel designated by 

the buyer and therefore bears costs and risk to the poi nt that goods are on board the 

                                           
50  OôConnor, E. (Ed.) 2013. Incoterms 2010 Questions and expert ICC guidance on the Incoterms 2010 
rules. International chamber of commerce, publication No. 744E.  
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vessel. After the goods have been loaded, the buyer bears the risk. The term is used only 

in waterborne transports.  

Freight rates are based and determined on negotiations between shipping companies and for-

warding agents or cargo owners.  In liner traffic, the tariffs and contracts are predefined and 

exact between ports and different cargoes. In voyage charter traffic, the cost of cargo is de-

fined by the voyage and can be agreed between the shipping company and the cargo sende r. 

The shipping related costs are dependent on the type of freight contract. Figure 4 shows the 

responsibilities of a shipowner and a charterer in different types of co ntracts. It shows also 

who is responsible for fuel oil costs, which are a part of voyage costs, and whose interest is to 

reduce that cost. Most of the fuel and thereby emission savings could be accomplished during 

voyage and cargo handling.  

 

Figure 4. The division of costs in different types of charter contracts, compiled by the authors. 
Whoever is responsible for voyage costs, has the economic incentive for reducing fuel consump-
tion and thereby emissions.  

The fuel costs make  up the major share of the operating costs of a ship (Figure 5).  Therefore, 

cutting down fuel consumption will also cut down the total cost of a shipping operation, as w ell 

as emissions.  
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Figure 5. The typical ship operating cost distribution for the Finnish flagged fleet operating 
mainly in the North European SECA (Sulphur Emission Control Area). Applied after Karvonen & 
Lappalainen 2014. 51  

3.4  Optimization measures for emission reduction  

3.4.1  Just - In -Time arrival  

Ships seems to sail faster than needed and ñrush-to -waitò to ports. This is a result of at least 

two reasons; ñfirst come first served-policyò in ports and the current economic structure of 

freight agreements. A dry or  general cargo vessel in the Baltic Sea may wait outside the port 

for 40 hours of its 110 hours long voyage before given a permission to enter the port 6. Glob-

ally, a ship might spend on an average 5 -10 % of one voyage waiting at an anchorage outside 

a port 52 .  Sometimes also the opposite problem arises e.g. with bulkers arriving to the port 

later than scheduled 53 .  

The gains from a more acc urate calculation of the estimated time of arrival are significant in 

terms of efficiency. It enables adjusting engine settings for fuel efficiency and saving fuel at 

optimal  speeds, thereby reducing GHG emissions but still knowing that the destination wil l be 

reached at the given time. Having an accurate arrival time also enables ports to handle incom-

ing ships more efficiently. 32  

Implementing ñJust-In -Timeò (JIT) operations would cut the time ships spend idling outside 

ports as well as  help ports to make more optimal use of their capacity and to achieve shorter 

transit times. JIT  is enabled  by e.g. AIS and AI technology where a computer programme cal-

culates the optimal sailing speed based on previous sailing and weather data etc. There are 

                                           
51  Karvonen, T. & Lappalainen, A. 2014. Alusliikenteen yksikkökustannukset 2013. Liikennevirasto, suun-
nitteluosasto. Helsinki 2014. Liikenneviraston tutkimuksia ja selvityksiä 41/2014. ISSN -L 1798 -6656  
52  Lloydsô List 2019. óSmarterô ports can help cut emissions. 
53  Full Avante News, Maritime Affairs 2018. Lars Jensen, ñPacific Reliability Collapsesò Accessed 
11/07/2019  

https://lloydslist.maritimeintelligence.informa.com/LL1126332/Smarter-ports-can-help-cut-emissions
https://fullavantenews.com/pacifics-reliability-collapses/
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several studies and calculations on how much JIT -shipping could lower the GHG emissions 

from shipping, varying from few percentages to even a third of the total emissions 6 54  55 .  

In contrast to JIT arrival or ecospeeding, the reduced waiting time in ports does not extend 

transportation times. They just minimize time at anchorage, and therefore allow for lower opti-

mal voyage speeds. Poulsen & Sampson (2019) 56  list several recent studies showing that re-

ducing waiting time in anchorage and in ports is a c ost -effective energy efficiency measure.  

There are, however, several challenges with implementing JIT still today. For example, for bulk 

carriers and tankers, the clauses in charter party contracts act as a barrier to the uptake of 

JIT. Issues such as the reliability of departure times are being discussed so that the operations 

would be smarter and more efficient in the future. 57  

3.4.2  Virtual arrival  

Virtual arrival is a method for ensuring JIT arrivals in shipping. Recently, some charterers and 

shipping companies have tried to implement JIT  arrivals by introducing ñvirtual arrival clauseò 

in freight contracts. It means that if e.g. the receiving terminal cannot accommodate the ves-

sel at the ori ginally expected time, the clause enables the vessel to slow down and postpone 

its arrival to the terminal. With the virtual arrival clause in the agreement, the vessel is 

deemed to have arrived ñvirtuallyò at the originally agreed time.56  With this clause, the ñrush-

ing - to -waitò practice could be avoided and sailing speed reduced. The related bunker saving 

can be then divided between the charterer and shipowner. BI MCO has developed virtual arrival 

and slow -steaming clauses which shipowners and charterers could include in their agreements 

to allow for speed optimization during voyage 58 .  Speed optimization can be defined as the se-

lection of an appropriate speed profile  for the ship so as to optimize a specific objective , such 

as fuel consumption.  

Virtual arrival has identified  as an efficient way to divide the benefits from JIT arrival and opti-

mal sailing and many studies therefore expect it to be one of the efficient w ays to emission cut 

downs. However, the virtual arrival clause has so far been used in very few charter parties, 

due to several reasons 56 . Cargo owners have comme rcial imperatives other than fuel savings 

which outweigh the benefits from virtual arrival. Many types of cargo have significant price vol-

atility which means that the value of the cargo may increase with waiting. The value of the 

cargo in many cases exceed s the cost of freight and fuel by many magnitudes. This means that 

the fuel savings and slow -steaming due to virtual arrival does not appeal to many charterers, 

who are more focused on ensuring immediate access to highly valuable cargoes. Waiting time 

migh t in fact have commercial imperatives for cargo owners. Also, financial risks related to po-

tential delays resulting from unforeseen events make charterers reluctant to slow down the 

voyage too much. Charterers might be more concerned about certainty for de livery of a highly 

valuable cargo than any possible fuel savings from virtual arrival. There might also be logistical 

challenges in ports and terminals, e.g. berths might be occupied by other delayed vessels. 

Also, in many ports a ship might need to rush f or not ñlosing its ticket in the waiting line for 

berthò despite virtual arrival. For these reasons, shipping is unlikely to achieve significant GHG 

reductions via virtual arrival. 56  

3.4.3  Voyage and route optimizing  

Voyage optimization processes aim to improve the operational efficiency of a ship by optimiz-

ing route and speed profiles and consequently bring economic benefit to the shipping stake-

holders. There are different strategies to the optimization such as findin g the shortest route, 

                                           
54  Port of Rotterdam 2019. Move forward: step by step t owards a digital port . White Paper.  
55  Johnson, H.  & Styhre, L. 2015. Increased energy efficiency in short sea shipping through decreased 
time in port  Transportation Researc h Part A: Policy and Practice. 71: 167 -178  
56  Poulsen, R. & Sampson, H. 2019. Swinging on the anchor: The difficulties in achieving greenhouse gas 

abatement in shipping via virtual arrival. Transportation research Part D 73: 230 -244  
57  Marine Traffic Blog 20 19. Pushing ahead with Just - In -Time shipping . Accessed 26/07/2019  
58  Interview of Lars Robert Pedersen, BIMCO, 08/08/2019  

https://www.portofrotterdam.com/en/port-forward
https://www.sciencedirect.com/science/article/pii/S0965856414002857
https://www.sciencedirect.com/science/article/pii/S0965856414002857
https://www.marinetraffic.com/blog/pushing-ahead-with-just-in-time-shipping/
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avoiding bad weather and utilizing strong ocean currents to reduce fuel consumption and emis-

sions. 59  Weather conditions for ships can in general be described in terms of wave height, 

wave direction, wave frequency, wind speed and wind direction, of which dominant wave 

height, dominant wave direction and dominant wave frequency have the largest impact on 

travel time, fuel consumption and safety. Most existing voyage optimization tools optimize with 

respect to one criterion at a time, tre ating other relevant criteria as constraints. Recently, also 

multi -objective optimization tools for optimization of ship routes have been developed. 60  61 . 

Most currently available route optimization services provide the optimized routes for the shipsô 

Electr onic Chart Display and Information System (ECDIS) 32 .  

The combined effects of weather impact vessel performance in a proportion of 80 %, while 

other factors only c ount for the remaining 20 %. Modern forecasting methods and data allow 

ship masters to identify levels of resistance as a result of weather factors and optimize their 

routes to avoid adverse conditions. Moreover, extreme weather is happening more often due  

to the global climate change. The best option would be to use weather and ship data from past 

voyages to identify how ships will perform in a variety of weather conditions. Machine learning 

could be used to build predictive models for weather forecasting. 62  

Voyage Management (VM) is a larger concept, concerning strategic, tactical and operational 

decisions about a voyage, such as planned and executed routes of a certain ship and its inter-

action with nearby ships in each position. It focuses on the initial p lanning phase of any sea 

voyage and the ability to monitor the execution of that plan. VM supports improved route plan-

ning, route exchange, and route optimization before and during the maritime voyage. Espe-

cially in this phase, VM connects ships, adds inte lligent processes and new tools to enable all 

stakeholders to increase their situational awareness during the voyage, providing faster, more 

secure and transparent information exchange. 32  

Variations in vesselsô speed represent one of the clearest symptoms of inefficiency in shipping, 

i.e. ships are not navigating at their most efficient speed most of their time. The reasons un-

derlying these speed distributions vary . These include aspects that are inherent to the routes 

covered by the ships, e.g., calm waters or complicated geography, to unexpected changes in 

berth availability in the destination ports, circumvention of congestion or meteorological diffi-

culties/event s during navigation. Better synchronization with ports, between ships, or using 

weather forecasting services and route optimization made available to ships, would largely re-

duce speed variations. The potential savings are related to bunker consumption and,  hence, 

bunker costs for the route sailed. Optimizing the route has a strong impact on the operational 

costs for fuel and it is translated into GHG emission savings. 32   

3.5  Digitalization as an emission abatement method  

Based on  the interview s, technology providers, shipowners and shipping organizations as well 

as authorities and academia saw that digitalization will have a high  importance  on the reduc-

tion of GHG emissions  (Figure 6) . Cargo owners , agents and port operators believed  that digi-

tali zation will have a smaller role  on emission reduction. The differences in the answers are 

partly explained by how the interviewed parties understand digitalization. The ones who saw 

digitalization as a major tool in reaching GHG reduction goals, often spoke about data -  and 

platform -based business models and ho w they could transform the whole industry. The ones 

who saw less potential for GHG emission reductions through digitalization, often referred to 

digitalization as a helpful tool.  

                                           
59  Ahokas  M. 2019. Analysis of voyage optimization benefits for different shipping stakeholders. MSc the-
sis. Aalto University. 83 pp. + app.  
60  Andersson, A. 2015. Multi -objective op timization of ship routes . MSc thesis. Chalmers University of 
Technology. 27 pp.  
61  Vettor, R. & Guedes Soares, C. 2016: Analysis of the sensitivity of a multi -objective genetic algorithm 
for route optimization to different settings. Maritime Technology and Engineering 3. Proceedings of MAR-
TECH 2016.  
62  Ship Technology 2018. The 80/20 rule: optimizing voyages to improve vessel performance . Accessed 
09/09/2019  

http://publications.lib.chalmers.se/records/fulltext/218341/218341.pdf
https://www.ship-technology.com/features/ship-optimisation-vessel/
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Figure 6. Views on effectiveness of digitalization  in emission abatement according to the inter-
viewed parties , n =2 3. The answers were interpreted by the authors on a free scale from low  to 
high  impact. The lighter the point, the less answers. The range of the answers is represented as 

a dashed line.  

Inter viewees who saw digitalization to have a n important role (high  impact )  in reaching GHG 

emission reductions  pointed out e.g. the following:  

¶ Measures that can genuinely reduce the use of energy is maritime industry are all related 

to the use of data and data -based operations. Abatement measures that don't require 

any kind of digitali zation are quite scarce . 

¶ Major drop -down in the emission levels will happen when the whole maritime transport 

system and related business models will change due to digital dis ruption and data -  and 

platform -based services . 

¶ Digital disruption (platform -based business models) will probably take place earlier than 

large scale use of autonomous ships, technical disruption in energy efficiency or exploi-

tation of new energy sources . 

¶ New business models based on data and digital solutions can significantly influence emis-

sions through optimi zation .  

Those among interviewees who found digitalization to have a smaller role ( low impact )  in  

reaching GHG emission reductions  pointed out inter alia :  

¶ Digitalization can help in emission reduction, but it will not make or break the IMO 2050 

goals  because  their  impact is minor compared with  other measures . 

¶ Digitali zation and optimi zation  can slow down the growth of emissions, but if shipping 

continu es to grow, the benefits will stay moderate . 

¶ As long as shipping is based on fossil fuels, emission reductions will be small . 

¶ Gaining real - time and accurate information on specific emission sources onboard vessels 

and what influences them means that emissi on cut -down measures can be targeted bet-

ter.  

¶ Digitalization is one part of the solution, but more incentives are needed to get the in-

dustry to implement and use the optimization tools .  

A SWOT analysis based on the interviews is presented in  Table 2 . 
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Table 2. A SWOT analysis of digitali zation  as a GHG emission abatement measure according to the inter-

views.  

Strengths  Weaknesses  

Å Enables data -based optimization of  ves-

selsô energy efficiency , routes  and voy-

ages, port calls , loading and unloading  

and hinterland transports  

Å Optimization of information exchange 

and digital document flow  

Å Speeds -up cargo handling processes, 

releases resources to other tasks  

Å Data and systems exist or are possible 

to create and implement  

Å Enables aut omation of port and ship op-

erations  

Å Platform -based possibilities for data 

sharing  enable better optimi zation of 

cargo flows and vessel voyages  

Å Limited data sharing capacity through 

satellite connections  

Å Lack of willingness to share especially 

real - time data  

Å First - in, first -served principle  in ports  

demines  optimi zation possibilities  

Å Current cyber security risks , use of 

same data connection s for many types 

of  data  

Å Lack of know -how  to fully implement 

the benefits  

Å Revenue logics: fuel savings are not big 

enough incentives for charterers or 

shipowners  

Å Difficult to optimize the whole transpor-

tation chain ;  partly  optimizing is not a 

good solution  

Å Number of small actors with limited re-

sources  

Å Several competing systems and data 

formats  

Å Fragmentation of available data  

Å Incompatibility of authority systems  

Å Varying data quality  

Å Overlapping systems and standards  

Opportunities  Threats  

Å Major emission reduction through opti-

mization of operations (routing, JIT, 

port calls, port operations, connection 

with land transportation, cargo intake 

optimization, fleet optimizatio n etc .)  

Å Digital disruption  of cargo market into 

real - time data -based platform: better 

optimization of the whole supply chain 

and its energy consumption  

Å Better data access opens possibilities for 

new businesses (also for emission 

abatement solutions)  

Å Saving energy and optimizing the use of 

assets can also create economic benefits  

Å Industry is not willing to change cur-

rently used traditional freight  contract 

models  and traditional ways of operat-

ing  

Å Ownership of data  as a business asset, 

holding -on to data  

Å Disruption f ro m outside actors, loss of 

business for current industry actors  

Å Global industry with  enormous amount 

of different operational models , difficult 

to streamline  

Å Competition within industry  

Å Low willingness to invest in new tech-

nologies, not enough market drivers  

Å Cyber security threats  

Å Business risks related to data opening  

Å Slow administrative processes  vs.  rap-

idly developing and changing technolo-

gies and innovations  
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3.6  Identified challenges in implementing digitalization  

One of the aims of the study was to identify the main challenges the industry is facing regard-

ing digitalization as an emission abatement tool. The same challenges  were brought up  in most 

of the interviews (Table 3) . 

Table 3. The main identified challenges hindering digitalization in shipping , base d on interviews . 

Identifie d c hal-

lenge s 

Main reasons  Related problems  

Fragmented in-

dustry and dis-

connected supply 

chain  

¶ High number of actors and frag-

mented responsibilities  

¶ Information friction  

¶ Optimi zing only parts of the 

chain creates problems else-

where  and is not efficient in 

terms of the whole chain  

¶ Great variation in port opera-

tion  models  

Traditional, rigid 

and global indus-

try  

¶ Long history, traditional ways  of 

working  

¶ Long contractual relationships  

¶ Lack of understanding of the global 

nature of shipping in national level  

¶ Global giants in the markets  

¶ Varying national regulations  

¶ Global giants have a lot of 

power  

Freight contract 

models and reve-

nue generation  

¶ Very old freight contract models  

¶ Risk management with established 

contract models  

¶ Role of  the charterer dominant  in 

the charter party  

¶ Revenue logic based on ñtime 

is moneyò, no incentive for 

fuel savings  

¶ Restricted possibility to take 

onboard ñpart cargo ò in addi-

tion to agreed cargo  

Established pro-

cedures and oper-

ational models  

¶ ñFirst-in, first -servedò principle in 

ports , based on freight contracts 

and operation models  

¶ Practices , work shifts  

¶ Ownership structures  and division of 

responsibilities in ports  

¶ Organizational boundaries, silos  

¶ Vessels rush to wait  in port  

¶ Operational hours in ports 

limit the loading and unload-

ing efficiency  

¶ Rigid ownership of data  

¶ Lack of trust  

Lack of invest-

ments  in digitali-

zation and other 

emission reduc-

tion measures  

¶ Low willingness to invest  due to 

competition and low profit margins  

¶ Possible uneven division of benefits 

from investments  

¶ Lack of market pressure to  invest in 

new technologies  

¶ Forerunner risk  

¶ Long lifespan of vessels  

¶ Slows down the development 

of digitali zation and emission 

reductions  

Fear of disruption 

and guarding of 

the status quo  

¶ Data based business models might 

change the current revenue logic  
¶ Companies reluctant to disrupt their 

own business  

¶ Holding on to oneôs own data 
¶ Low w illingness to discuss  

the meaning of  digitali zation 

and possible disruption 

among the industry  
¶ Fear of outside disruption  

Lack of know -

how and technical 

obstacles  

¶ Lack of IT know -how inside industry  

¶ Lack of shipping know -how in IT  in-

dustry  

¶ Many digital technology providers  

former vessel equipment manufac-

turer s 

¶ Unsuitable digital solutions  

for shipping  

¶ Underutilised  data  
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Limited communi-

cation means and 

data transfer ca-

pacity  

¶ Limited data transfer capacity be-

tween vessel and shore  

¶ Unreliable and expensive satellite 

connections  

¶ Insufficient data flow be-

tween vessels and shore  

Challenges with 

information secu-

rity  

¶ Lack of safe data transfer capacity  

between vessel and shore  

¶ Wide u tilisation of e -mails  for data 

sharing  

¶ GDPR 

¶ Information security issues  

related to critical data  

Lack of data and 

information shar-

ing  

¶ Lack of rea l- time data  

¶ Lack of publishing of exiting data  

¶ Lack of data sharing between par-

ties , partly due to current patterns 

of ownership  

¶ Varying quality of existing data  

¶ Optimizing operation s and 

energy efficiency  not possible 

without exact and real - time 

data  available for di fferent 

parties  

¶ Business risks related to 

opening oneôs data 

Lack of standards 

and standardized 

systems  

¶ Overlappin g and unconnected sys-

tems in different ports and between 

authorities  

¶ Lack of single windows  

¶ Current information system s donôt 

interact ; insufficient  APIs  

¶ Lack of standard or fluent 

way of information sharing 

creates obstacles for optimi-

zation  

¶ Contradictory views on the 

need of standardi zation / 

regulation  

¶ Overlapping standardi zation 

initiatives  

Gustafsson et al . (2019) 6 identified five different problem areas hindering emission reduction in 

shipping. These were 1 )  non -optimal speed profiles, 2 )  low ship utilization rates, 3 )  time spent 

in ports, 4 )  lack of incentives for offering environmentally friendly freights and 5 ),  lack of in-

vestments in new vessels and better technology. Traditional working culture, lack of interoper-

ability of data sources and challenges in security le gislation are also  identified  as major chal-

lenges in the digitalization processes in  ports 41 .  

 

3.6.1  Fragmented industry and disconnected supply chain  

One of the major  challenges in introducing digital tools and operation models and getting dif-

ferent actors to use them is that the maritime industry is very fragmented with high number of 

actors and companies. Maritime logistics was recogni sed by the interviewees  as an isolated in-

dustry rather than a genuinely connected part of the supply chain.  

Interviewees pointed out that the high number of actors in the industry restrict s and delay s 

the information flow. Information is shared slowly, through different and part ly overlapping 

channels and through intermediate parties such as agents. A lot of information friction exists 

both inside and between organizations. As an example, there might be several different com-

panies involved in a single port call of one vessel ï pi loting company, port authority, port oper-

ator, land transportation company -  that all need to communicate together in order to get ves-

sel berthed and unloaded. Large amount of different size companies in the industry also means 

that parties have different resources  for optimization and digitali zation. Small actors usually 

manage small amounts of data and are not yet digitalized in the same way as bigger players.  

Different segments of shipping have different possibilities to implement digitalization and opti-

mization. E.g. in the container segment ,  there are no huge issues and the actors have already 

made improvements, like collaboration in  digital initiatives and c ommon standards of the con-

tainer lines alliance 23 .  In container lines, charterers are interested in  impro ving  their environ-

mental performance and reducing their carbon footprint. On the other hand, in the dry bulk 

segment, there are a lot of voyage chartering contracts where the shipowner pay s the  fuel 

costs and needs to transport goods straight from A to B without a possibility to optimize and 

reduce emissions. I n the tanker segment , there is often a need for a ship to be in time and 
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therefore ships are requested to arrive early and wait in anchorage rather than  to be late and 

cause huge costs for the charterer.  

As the supply chain consists of  multiple parts and a ctors, optimizing operations today often in-

volves only a part of the chain. This partly optimizing is one the problems hindering real emis-

sion reductions. Optimi zing one part of the logistical chain easily creates problems elsewhere, 

e.g. reducing speed at  sea means that there is a need for increased speed elsewhere. For the 

emission point of view, it is a zero -sum game and therefore optimi zation efforts should always 

look at the whole supply chain. This in turn is extremely difficult due to  the fragmented nature 

of the industry.  

One of the challenges mentioned is the large amount of ports and their different ways of oper-

ation. On one  hand, there are highly automated large ports with a lot of information available , 

and on the other hand , very  small and still very manually operated ports. The challenge is that 

a vessel needs to be able to optimize its voyage and port calls in each of these. The frag-

mented nature of the port sector is further complicated by the fact that there is no global regu-

latory body for ports in a way there is for shipping ( i.e. the IMO). This means that it is ex-

tremely challenging to get ports globally involved in common digitalization and emission reduc-

tion efforts.  

There is also  considerable potential for improvements in  collaboration and flexibility within the 

logistics chain, a need to improve understanding of the challenges , and a need to build trust 

between different actors . 

3.6.2  Traditional, rigid and global industry  

Shipping is a very traditional and rigid industry and, in many cases, based on long contractual 

relationships. Personal skills and know -how of the stakeholders are  as crucial and therefore not 

easily replaceable by automated data -based analytics and algorithms.  

It was stated by many of the interviewees that due to the traditional nature of shipping, 

changes have always been slow. The land side of the logistical chain already has systems and 

platforms in place , and the maritime side is lagging far behind. This is a challenge also since in 

order to optimize the  whole supply chain and thereby cut down emissions in shipping , solutions 

for the whole chain should be found.  

Also, the global nature of the industry creates challenges for  information sharing and optimi za-

tion. Often  the global industry is faced with vary ing national regulations. Lack of understanding 

on national level of the complexity of the shipping industry and its global nature was men-

tioned in several interviews.  

The g lobal playfield has also created so -called global giants into the industry. Accordi ng to 

some of the interviewees , it is unrealistic to expect that these giants would ad apt their ways of 

communication according to the varying requirements of single ports and small port operators. 

These global giants  also have a lot of power by controllin g a huge amount of data and not be-

ing very keen to open it to the rest of the industry.  

3.6.3  Freight contract models and revenue logics  

Established agreement formats between charterer and shipping company are one the fre-

quently mentioned challenges when talking  about the optimi zation  of energy consumption and 

port calls. A lot of unnecessary waiting and low utilisation of transport capacity are currently 

wasting energy and creating unnecessary emissions. Charter donôt necessarily create any in-

centives for fuel savings. It was stated in the interviews that the established freight contract 

models date back to the sailing -ship  era and fit quite poorly to todayôs shipping. It was also 

pointed out that the current contract models are not directly in conflict with low carbon targets 

of the industry, but they cause  challenges.  
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Although there is legally nothing hindering the contracting parties from making new kind of 

contracts that would better enable e.g. JIT or port call opt imi zation, this is not done very often. 

The contract formats in use reflect the fact that transporting the valuable cargo where and 

when it needs to be is of more economic value than possible fuels savings achieved by route or 

speed optimization. Use of es tablished contract models is also a risk management method. Le-

gal claims and disputes are quite common in shipping and the  role of solid , commonly used  

contracts is to avoid these.  

The role of charterer is dominating  in the charter party and the shipôs captain cannot solely de-

cide a speed the vessel can sail. The vessels must follow the laycan , i.e.  the time period it 

needs to be in the port 47 ,  stated in the charter party. Many of the contract models also hinder 

the taking of ñpart cargoò, meaning that even if the vessel would have room for some other 

cargo during the same voyage, it cannot take it due to contractual matters.  

3.6.4  Established procedures and operation models  

There was a lot discussion about excessive waiting time in ports  with the interviewees . One of 

the major challenges are related to established procedures and operation  models. The ñFirst in, 

first servedò principle in ports was mentioned several times because  in most of the ports , you 

cannot reserve a berth at a certain time, but the berths are divided according to the arriving 

order . Therefore , vessels rush to ports , often  only to wait to be served. This ñRace to get there 

firstò creates unnecessary emissions via unnecessary high speeds at sea and possibly long 

waiting time before berthing . Better collection and sharing of port and ship data and therefore 

enabling better voyage optimization is a crucial tool in tackling this. However, this challenge is 

firmly bound to freight contract models and is therefore not only corrected by better data ac-

cess.  The same race applies also to the main shipping routes like the Panama and Suez canals.  

Another  operation model that was to hinder emission cut downs w as the operation schedules 

at ports. There are  not  many ports that operate 24 h , 7 days a week , and this naturally creates 

idle time for vessels . Also, the practices related to operation shifts might create rushing to 

ports. It was mentioned that with some port operators , the loading and unloading is not 

started in the middle of a work  shift , and therefore vessels speed up to get to the port befor e 

the start of the shift.  

The varying division of responsibilities and ownership structures in ports was pointed out  to 

hinder  port call optimi zation. The way different ports are organized makes data sharing difficult 

since data ownership and responsibilities are organized very differently in each port. Owner-

ship of data was stated to be a problem since the industry is still set in silos , and stro ng com-

petition and even prejudices between different actors still exists. Lack of trust between e.g. 

shipping companies and ports was also mentioned.  

3.6.5  Lack of investments  

Lack of investment capacity and low willingness to invest slow down both digitalizatio n and 

other emission reduction measures in the maritime supply chain. This is strongly linked to the 

cost structures and revenue creation models of the industry . T he current economic situation in 

the shipping market has brought profit margins down and most  of the shipping companies are 

very small. Profit margins are also down because there are too many parties in the logistic 

chains each taking their own margins.  Therefore, they lack the possibility to invest in emission 

abatement technologies and to modify  business models or ways of operations based on new 

digital solutions.  This is a global challenge , escalat ing  especially in small markets with more 

stringent environmental regulation , such as in the Baltic Sea / North European SECA area.  

There was a strong dispute  between interviewees on  whether the needed investment s in digital 

solutions are high  or moderate. An issue  stated to lower the willingness to invest was that the 

benefits are not necessarily directly realized to the investor. Some of the di gital solutions ben-

efit the whole industry, not just the investing party. It was stated that no investments are 

made unless their payback time is short, and this is not necessarily the case with new digital 
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systems. Some interviewees saw that if no regulat ions require data sharing or data -based opti-

mi zations, the level of  investment s needed to reach the emission reduction goals will lack be-

hind. Even though there is common understanding that emission reductions are needed, it all 

comes down to what it costs . In order to protect oneself from the fierce competition , it is not 

wise to deliberately raise oneôs own cost level. If the final customer is not willing to pay more 

to lower the emission s from  transportation, the willingness of one actor to invest in emi ssion 

abatements stays low. There is a lack of market pressure that would serve as a pushing factor 

in implementing new technologies. Also, continuous tightening of maritime regulation and its 

economic burden is hinder ing  the development of digital tools. Companies  must focus  major 

efforts to follow the tightening legislation , and there is not much  left for innovations.  

A forerunner  risk is also combined with  investing into new systems. Being the first to imple-

ment something new always comes with risks and creates free experiences for the competitors 

to utilize  afterwards . Also, the  long lifespan of vessels was brought up when discussing  invest-

ments.  

3.6.6  Fear of disruption and guarding the status quo  

There is a strong guarding of status quo in the industry. New,  more data -based business mod-

els might change the current roles , processes  and division of labour . The solutions which will 

generate most of the emission savings and economic benefits w ere considered  possibly  to dis-

rupt the industry most by changing the  revenue generati on  models. This kind of disruption is 

not only considered  as a positive thing by individual actors. Because companies are reluctant 

to disrupt their own business, they are holding down to oneôs own data and are sometimes re-

luctant to share  it.  It is very sensitive to bring about new solutions, since you must make sure 

you donôt step into existing actorsô territories. 

Due to these reasons , connecting the industry to discuss the possibilities of digitalization is a 

major challenge. It was arg ued that the industry is currently talking about the wrong thing. In-

stead of the current discussion  on  individual energy optimi zation technologies, understanding 

on the future maritime traffic system would be crucial. T he interviewees pointed out that there 

is a lack of recognition of this issue. There is no common understanding about the future of 

maritime industry regarding GHG emission and digitalization. Everyone is approaching  digitali-

zation from their own angle and  how they as a company could benefit from it instead of how 

the industry needs to be transformed by digitalization. The paradox  is that although many 

mentioned that possible digital disruption will benefit the whole industry, it will not necessarily 

benefi t single companies.  

Concerns regarding  external  actors w ere  also brought up. If the  shipping industry itself does 

not take proactive action on digitalization, the disruption was expected to  be introduced by ex-

ternal actors , e.g.  platform operators such as Amazon. The industry was considered to hav e 

been  so far protect ed from disruption by  its fragmented and capital - intensive nature.  

3.6.7  Lack of know -how and technical obstacles  

There are also several technical and know -how  related issues that hinder the development of 

digital systems and data -based optimization in the industry. Some of the technology providers 

pointed out that the level of digitali zation in maritime industry is not on the level the marketing 

talks of differ ent companies might suggest. There are still major lacks in basic information con-

nections and data collecting . 

The information flow from ship to shore and vice versa  is one of the challenges . Regarding 

data connections, vessels are still more or less disco nnected islands and not a real - time part of 

information networks. Vessels rely mostly satellite connections that are expensive and some-

times unreliable. The data transfer capacity is quite limited, partly due to the pricing models. 

The limited data transfe r capacity in vessels need to be prioritized and it is therefore mostly 

used for the most critical business data, which means that there might not be capacity left for 

collecting continuous data for optimi zation purposes.  



Digitalization as a tool to reduce GHG emissions in maritime transport  

31  

Lack of know -how both outside and inside the  maritime  industry were recogni sed to hinder the 

development of digitally based solutions. When developing digital solutions for shipping, know -

how of the industry and its practices is crucial. This is still  not well understood by  information 

technology  companies outside the shipping industry. For  example , the reality of limited tech-

nical data sharing possibilities onboard vessels was not understood, and the proposed solutions 

were of  no  use in shipping, although working well on land.  

Also, a m ajor lack of digitali zation know -how inside the industry was recognised by the inter-

viewed parties. Although technology to process data would already exist, the know -how does  

not. Companies do not know how to utilise the extensive amounts of  data for actua l optimi za-

tion.  It was also pointed out that most maritime digital solution providers are originally vessel 

equipment manufacturers, whose focus on digitali zation might differ from platform -based mod-

els that are spreading fast in other sectors. This know -how bottleneck has also been recog-

nised by the Finnish Governmen t , wh ich  state d that the increase of information will lead to an 

increased demand of experts in the field of data analytics 12 .  The shortage of know -how may 

lead to development bottlenecks in many companies.  

3.6.8  Challenges with information security  

The insufficient level of information security was one of the technical challenges related to 

ship -shore , shore - ship and ship -ship  connections. For example, the vesselôs critical business 

data is shared along same connection as the entertainment use of the crew, which brings 

about security risks. The information sharing in the industry still relies a lot on emails, which is 

far from a secure or efficient mode of communication. However, it was also noticed  that c yber 

threats might cause some challenges  when more and more digital systems and services  are in 

use.  

EUôs General Data Protection Regulation (GDPR)63  was also mentioned by the interviewed par-

ties  as one of a problem . The GDPR has brought up new challenges in sharing of information.  

3.6.9  Lack of data and information sharing  

There is still a lack of available data  for optimizing . For example, vesselsô expected arrival 

times to ports are not publicly available. In order to optimi ze ship operations this would be 

crucial information for shipping companies. Shipping companies might not even know before-

hand what kind of scheduling systems the port they are calling have.  

Need for real - time data was stated by most of the interviewees re gardless of their position in 

the transportation chain. Quite a lot of data exist but it is published as static, one a week or 

once a year data, which is not helpful for optimi zing real - time operations. Unless you can see 

for example the cargo flows real - t ime, you cannot optimi ze them and therefore the operations 

are easily wrongly resourced. Especially the lack the real - time data of vessel arrivals and cargo 

flows from ports was stated as major hinders of JIT operations. Now it is e.g. up to the agentôs 

activity how much information on port circumstances the vessel gets beforehand.  

Varying data quality and its scattered locations are also obstacles in the optimal utili zation of 

data. Some of the interviewees stressed out that in case the whole supply chain data is not 

possibility to bring together, there is no change to optimi ze the usage of the whole chain.  

Lack of data sharing was mentioned as a major hinder for data -based optimi zation efforts. I n 

cargo business the lack of transparency was pointed out  to block the possibilities for optimi za-

tion. Some of the interviewees described so -called data sharing ñdeadlocksò that exist due to 

the current pattern of ownership. For example, the engines on the ship are owned by the ship-

ping companies and therefore it is  not necessarily clear, who owns and possible pays for the 

use of engine censoring data. This data can be used for energy use optimi zation of the current 

vessel but also by the engine manufacturer and thereby also by other users of similar engines. 

When th is ownership -of - the -data question is combined with the limited data transfer capacity 

                                           
63  EU 2016. General Data Protection Regulation.  
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onboard vessels, the sharing of continuous censoring data for the use of equipment manufac-

turers s not necessarily in the first interest of the shipowner.  

Business risk s related to  open ing of data were identified . ñAll data open for allò was considered  

as a risk for business and there is a lack of interest to share data. It was noticed  that the dis-

cussion of open data is partly hindering development and should be replaced  by the possibility 

to share only partial data and among agreed parties. This would require the possibility for user 

identification in the APIs . 

Fragmentation of available data, incompatibility of authority systems and critical attitude of 

commercial operators towards open sharing of data have recogni sed as challenges in develop-

ing a shared data platform in the Baltic Sea area 64 .  

3.6.10  Lack of standards  and standardized systems  

Lack of standard way s of information sharing along the supply chain is a major optimization 

obstacle in the industry. There is a strong need for more fluent data exchange between vessels 

and ports and port state authorities but al so a need for already existing digital systems to be 

able to change information. Some of the interviewees saw the missing of standards as the 

main problem while others saw no need for standards but more for an obligation to describe 

the APIs . This would en able data sharing between different data system without bigger data 

system integration.  

A lot of development is ongoing related to data -based optimization and better exchange of in-

formation in the maritime industry. This has led to a vast amount of paralle l and partly over-

lapping information systems. Incompatibility of these systems creates new bottlenecks to the 

industry. Interviewees brought up that for example in port if one operator has already invested 

in one digital system, they may not be willing to take whole portôs common system into use. 

Several initiatives towards standardization of the logistics chain are underway. The overlapping 

standard development projects might in worst case create more obstacles.  

Also, the incompatibility of different autho rity systems is a problem. This was stated in many 

levels, inside on e county between different authorities as well between different countries and 

regions.  For example, the EUôs current, flag neutral  Single Window system 65  was criticised for 

setting up a system where each EU country still requires vessels to fill in IMO documents in dif-

ferent formats. There was a strong need for standard format of information exchange between 

authorities so that same information from vessel s could be used even within on countryôs au-

thorities through one input point.  

The Finnish Ministry of Transport and Communications  (2016 ) 64  pointed out that in th e Baltic 

Sea area information related to the maritime cluster is dispersed in several information sys-

tems and that information systems of the authorities are incompatible, which slows down both 

the feeding of information and its utility.  

3.7  Identified measure s to address  challenges in digitalization  

Another aim  of the study was to identify measures to tackle the main challenges regarding dig-

italization as an emission abatement tool. The challenges were described in the previous chap-

ter. The identified  measures to overcome them are outlined below. The measures to consider  

in the further  development  are the following:  

¶ Operational and institutional measures :  

o Focusing on the entire supply chain to ensure seamless transportation;  

o Creating incentives for vol untary data sharing;  

                                           
64  Finnish Ministry of Transport and Communications  2016. Digital Baltic Sea ï a feasibility study . Publica-
tions of the Ministry of Transport and Communications 6/2016  
65  European Maritime Single Window . Accessed  04/09/2019  

http://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/75037/6_2016_Digitaalinen_Itameri.pdf?sequence=1&isAllowed=y
https://ec.europa.eu/transport/modes/maritime/digital-services/e-maritime_en
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o Developing freight contracts with new sustainable clauses to enhance optimal sail-

ing speed and Just - In -Time arrival;  

o Converting waiting time in ports to sailing time at sea through more real time 

data;  

o Promoting i nnovative public procu rements ; and  

o Promoting discussion on digital disruption and creating a common understanding 

of the importance  of digitalization in the maritime industry .  

¶ Global harmonization of information sharing :  

o Enabling submission of a ll administrative information from a ship through one in-

put point (single windows), cut ting  out overlapping systems ;  

o Providing r eal - time access to authority/public data (e.g. transportation data ) ;  

o Developing s tandard ized  way s for ships to communicate with ports globally  and  

harmoniz ing  description s of Application Programming Interfaces  (APIs);  and  

o Sharing  selected data combined with electronic identification  in interfaces . 

¶ Technical measures :  

o Promoting the development of platforms and service -based business models and 

machine learning ; and  

o Develop ing  affordable technical mea ns for  ship - to -shore connectivity and sharing 

of real - time data . 

3.7.1  Operational and institutional  measures  

According to t he interviewees , the aim of digitalization in the field of logistics should be to cre-

ate a truly connected and intermodal transport chain. Both cargo and information should flow 

transparently through the chain in order to improve energy efficiency. It was pointed out that  

e.g. seeing in real - time when cargo is arriving to port, when unloading takes place and when 

cargo is transported to the gate would enable much better optimization of port operations. This 

would induce  savings especially in tramp traffic. Digitalization has a major role in this. Some  

interviewees proposed that ports should be obliged to report their cargo flow data in real time , 

in which  the authorities were pointed out  to have the power.  

When aiming towards more open data sharing, the formation of data ow ning giants should be 

hindered. Measures are needed in order to make sure that the collected and shared data can-

not be misused. It was highlighted that all the actors in the chain should be aware of the risks 

related to data sharing , and data sharing shoul d be implemented  by  reliable means.  It was 

also stressed that authorities should make their own public data open more real - time an d not 

just as yearly statistics.  

The interviewees  hoped that possible harmonization or regulative measures should be imple-

ment ed from the perspective of the whole chain and not only by regulating some parts of the 

chain. Th is might be possible to accomplish  in some regions , e.g. in EU , but an  international 

framework to regulate the whole supply chain does  not exist.  The interviewees  expressed a 

strong hope that national authorities would recognise the need of harmonization  of procedures 

on  the global level. Regulating global industry from a national point of view rarely works. It 

was also pointed out that if any regulatio n concerning digitalization is introduced , it should ab-

solutely be only on a concept level and never on  a technical level.  

The interviewees proposed  incentive systems for the users of digital systems. The y also  

pointed out that size matters also in digital ization; the bigger the company and the longer the 

chain it manages, the more digitalization tools they can develop and utilize. Especially the 

smaller companies need economic incentives to invest in digitalization.  

The current  freight contract  models  and clauses w ere  considered  challenging. However, the in-

terviewees anticipate d increasing  pressure from both inside and outside the industry to modify 

the contracts towards environmental sustainab ility . Also, the role of cargo ownersô environ-

mental and emissio n strategies was emphasized as the initiators of change. The current freight 

contract models should be developed, and new sustainability clauses included. This will enable 

shipowners to use optimal sailing speed and JIT arrival.  
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Converting waiting time in ports to sailing time at sea was identified  crucial in reducing sailing 

speed and therefore cutting emissions. This needs real time data of where the ships are sailing 

so that they can be in the right place at the right time. The authorities were recogni sed as im-

portant stakeholders in the issue. The interviewees  pointed out that regulation th rough a neu-

tral party would enable establishing  the same rules for all actors. Only then can digitalization 

be a win -win game for all part ies in the logistics chain.  

Also, innovative public procurements are  important tools to promote digitalization and emis-

sion abatement. The interviewees  appeal ed for political decisions on requirements for zero  

emissions and use of  optimization tools in public vessel procurements.  

Promoting discussion on new digital business models  and creating a common understanding of 

the importance  of digitalization in the maritime industry was considered  of the utmost im-

portance. Public sector being  an important initiator in this.  

3.7.2  Global ha rmonizat ion of information sharing  

Unification of authority information systems , creation of single windows or at least creating in-

terfaces between them was considered crucial. The information exchange between authorities 

needs a standard format to enable the same information from vessels to be used by several 

authorities through one input point.  Several interviewees brought up that it is crucial to har-

monize the way the ships comm unicate with ports in each country, which might need some 

regulation. Co-operation between national and international authorities is of utmost im-

portance in getting the same systems for ports and vessels to be used in different countries 

and regions . 

Due t o many players in the industry, the need for standard ized  information exchange was 

brought up by many interviewees. However , it would be  very hard to achieve since the stand-

ardization processes are long, complex and time consuming. Digital solutions are de veloping 

fast and there is no time to start creating standards which would be outdated after a couple of 

years . The aim should therefore be the usage of already developed and tested standardized 

data sharing formats instead of creating new ones. For exampl e, the Port of Rotterdam is aim-

ing at  implement ing  the GS1 66  standards and the Swedish Maritime A dministration  the IHO S -

211 and 421 -429 series standards 67 . The interviewees see that the regulations should come 

from t he IMO. The EU  could also play a role , although the global international standards should 

be pushed forward. It was also pointed out that possible s tandardization should be introduced 

by  general standardization bodies  and  not by service providers.  However, before discussion on  

standardization  is started , the supply chain data that should be shared needs to be identified . 

Another solution for  sharing  data would be to further develop the documentation of APIs. Sev-

eral interviewees saw problems with introducing obligatory standard data exchange f ormats 

and pointed out that if the descriptions of APIs would be made mandatory, data systems could 

interact with each other without the need of standardization. Incentives to use APIs w ere  

pointed out  by many interviewees  as a more effective way than crea ting complicated  standard 

formats , which are  slow to establish.  

Security is an important issue in sharing and utiliz ing  data. The parties need to be identified  in  

system  interfaces  to be able to  share  the information only  to  those who need it. The electrical 

identification  should be internationally standardized so that the  users can be trusted and the 

access  to systems  can be limited to relevant parties.  

Some of the interviewees saw that data sharing among the different actor s will not take place 

without regulations, although regulation was not considered to be a  solution to  digitalization.  

Some interviewees  stated  e.g.  that ports  need to be obligated to open their real - time traffic 

information  in order to advance optimisation  of operations . However , i t  was pointed out that 

regulation should aim at opening data in a controlled ma nn er. Instead of a strict requirement 
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for ñopen dataò, companies should be required to open some ñselected dataò. The interviewees 

saw  that direct agreements and protocols on what data needs to be transferred and how are 

needed , and that public -private co -operation is crucial in achieving this.  

One example of voluntary agreement o n standards in small scale  brought up in the interviews  

is the Smart Port Standard implemented by  four ports in Finland, Sweden and Estonia and 

three shipping companies. This inherent co -operation has enabled compatible passenger and 

car gate systems in the se ports and among the different shipping companies so th at the differ-

ent data systems recognize the same information and interact with each other. Further, a n un-

official development model and  the format for  information flow have  been created. This ena-

bles the systems to be different but the information format t o be similar between the different 

actors.  

3.7.3  Technical measures  

Many interviewees pointed out that technically one of the most effective way s to  enhance  digi-

talization  and achiev e emission reductions would be to  shar e data on a platform -based struc-

ture combined with  machine learning algorithms and predicting analytics. Some of the inter-

viewed parties regarded artificial intelligence for predicting cargo flows as a crucial measure . 

The interviewees  see that m easuring and collecting relevant and real - time data from the sup-

ply  chain is still needed as the basis for  operation optimization. This could include e. g.  the us-

age of sensors onboard to i mprove  knowledge of fuel consumption in real time. Real - time in-

formation of dynamic  variables  such as weather, curr ents and ice  conditions would be of great 

advantage in cutting down the emissions in the logistics chain.  Also , Brouver et al. (2016) 68  

present the idea of using operational sensor data from ships to better predict the delays in or-

der to  adjust the sailing speed of the vessel.  

 

Interviewees pointed out that in order to gather and utiliz e data it is crucial to develop the 

data flow from ship to shore. The development of satellite data transfer and its pricing models, 

introduction of nanosa tellites, 5G networks and more eff icient  usage of the radio network were 

brought up as possible solutions. In addition , better usage of the ship capacity and streamlin-

ing the traffic system were considered.  

 

3.8  Impacts of  identified  measures  on  emission reduc tion  

The assessment  of  impact s of the proposed measures on GHG emission reductions is based on 

literature re view  and results of the interview survey. The impact of each  measure is strongly 

linked to how digitalization will change the current business and o peration models in shipping. 

In case the current modes  of operation, division of responsibilities and revenue generation 

models will not change, digitalization will probably have only a supporting role in reaching IMO 

2050 goals. In case digitalization will change the current models of operation more profoundly , 

allow ing  real - time optimization of the whole logistical chain, it will most probably have a large r 

role  on reducing  GHG emissions.  

Estimates on the emission reduction potential of  different measu res  in r ecent studies vary a lot 

depending on their  point of view. For example, Keefe (2014) 69  state s that real - time data ana-

lytics can induce  a 2 -5 % reduction in fuel consumption. Wang & Nutsey (2013) 70  estimate 

that CO 2 reductions from e.g.  better weather -based  routing could have a potential for fuel re-

duction  potential  of 1 -4 %  and  from optimised speed reduction up to 10 -30 %. Gustafsson et  

al . (2019) 6 estimate that ca.  5 % of shipping emissions are directly generated in ports, but the 
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indirect impact of ports on emission s is much higher as the inefficiencies in cargo handling re-

sult in  more  ships being  needed to maintain the same transport capacity.  

When talking about the  potential for  optimi zing the whole supply chain and logistical planning 

with digital solutions, the estimates for emission reductions tend to be larger. According to 

Gustaf sson et  al . (2019) 6,  real - time coordination of production and logistics planning would in-

crease the utilization of bulk ships by  34 -43 %, which could reduce emissions by 25 -30 %.  

The relative c ontribution s of the different existing and scalable solutions to emissions reduction 

presented by Gustafsson  et al. (2019) 6 ar e shown in  Figure 7. The impact of  different 

measures and solutions  changes  over time . The process should start by implementing voyage 

optimization and cargo flow coordination , both  in which digital  solutions are vital . 

 
 

Figure 7. A proposed a trajectory by Gustafsson et al. (2019) 6 for reducing shipping emissions 
from their peak in  2020  until 2050 . The figure shows the relative contribution s of different solu-
tions  to emissions reductions and  indicates a sequence of the v arious measures . 

Impacts from identified measures presented in Chapter 3.7  are qualitative ly  evaluated  in Fig-

ure 8. The measurements were classified on scale s from easy to hard implementation and from 

low to high  impact. The creation of new business models should be aimed at as it  will have a 

great importa nce , but it is also one of the hardest measures  to implement . 
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Figure 8. Impact and implementation possibility of measures to promote digitali zation in GHG 
emission abatement. Measures  based on the interviews.  

4  Conclusions  

The importance  of digitalization on GHG emissions reduction can be considered  on  two levels  

(Figure 9).  First ly , digitalization is recogni sed as a tool for efficient information gathering, ex-

change and analysis. On the second level, digitalization and data -based systems are antici-

pated to cause disruption in the existing maritime business models. This would mean more 

data -  and service -based opti mization of the whole supply chain and possibly drastic changes in 

the current roles and ownership models of the industry .  

 

Figure 9. Evaluation of the impact of digitalization on GHG emission reduction based on the two 
different ways of implementing digitalization , n =2 3. 


