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Abstract 

The International Maritime Organisation (IMO) has adopted the Energy Efficiency Exist-
ing Ship Index (EEXI) and the Carbon Intensity Indicator (CII) as short term measures for 
decarbonisation of the shipping industry; the IMO also made the collection of relevant 
data and associated reporting of the indicator mandatory from January 2023. However, 
many existing ships do not meet the EEXI and CII “targets” and cannot invest in other 
technologies to meet the relevant requirements. Given the various barriers to energy 
efficiency, the application of slow steaming may be a measure to effectively meet EEXI 
and CII requirements. A qualitative systematic literature review was conducted on the 
potential macroeconomic and social impacts of slow steaming on states, with a special 
focus on Small Island Development States and Least Developed Countries, when 
used as the primary modality of reducing GHG emissions from shipping. This effort 
includes peer-reviewed studies and studies from the gray literature, many of which 
include examples that borrow data from the aftermath of the economic crisis that 
was manifested in 2008. The vast majority of those studies is focused on the economic 
cost-effectiveness or impact on transportation costs when using slow-steaming as a 
means of reducing marine fuel consumption. Moreover, a number of these studies 
were relying on modeling techniques, by using a limited number of ships and associ-
ated routes to determine the effects of slow-steaming. A reasonable degree of agree-
ment emerged from the literature that a reduction in transportation costs results from 
a reduction in speed, being attributed primarily to reduced fuel costs, with which it 
is associated. Other cost-increasing factors, such as vessel operating costs, had a less 
dominant effect. The literature often pointed out that the cost reduction resulting from 
the application of slow-steaming was unevenly distributed among maritime stakehold-
ers. Shipping companies were the main beneficiaries of significant cost savings, but 
these "savings" were not always passed on to shippers.
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Introduction
Maritime transportation is associated with a contribution in carriage of 80% of 
cargo by volume and 70% by value; it is clearly the backbone of global trade (UNC-
TAD 2021). Although the shipping industry plays a crucial role in trade and supply 
chain as well as creating jobs, and economic progress for societies, it also clearly 
associated with certain negative externalities. Maritime transport was responsible for 
2.89% of global Greenhouse Gas (GHG) emission in 2018, and its general trend since 
2013/2014 has been for increasing GHG from shipping (9.6%) and international ship-
ping (5.6%) (Fourth IMO GHG Study 2020). On the positive side, at the 72nd session 
of Marine Environment Protection (MEPC), the IMO (MEPC 2018) adopted the Ini-
tial IMO Strategy on reduction of GHG emissions from ships (Initial Strategy) in 2018, 
with a vision to phase out GHG emissions from international shipping, as soon as 
possible in the twenty-first century. The ambition of this strategy is to reduce aver-
age carbon dioxide  (CO2) emissions per transport work by 40% by 2030, and by 70% 
by 2050 compared to 2008. The total annual GHG emissions related to international 
shipping are aimed to be reduced by 50% by 2050, and to reach zero before the end of 
the century (Vakili et al. 2022a, b, c).

Current measures addressing GHG emissions are regulated under International 
Convention for the Prevention of Pollution from Ships (MARPOL) Annex VI and are 
comprised by the Energy Efficiency Design Index (EEDI), the Ship Energy Efficiency 
Management Plan (SEEMP), and the Fuel Oil Consumption Data Collection System 
(DCS), mandating annual reporting of  CO2 emissions. The IMO has adopted a two-tier 
approach to implementing decarbonisation measures, focusing first on a limited set of 
short-term measures, before implementing more comprehensive medium- and long-
term measures. At the Marine Environment Protection Committee (MEPC) 75 meeting 
(MEPC 2020) a combined short-term measure was agreed, comprising a technical meas-
ure (Energy Efficiency Existing Ship Index, EEXI) and an operational measure (Carbon 
Intensity Indicator, CII) (Vakili et al. 2021). This approved short-term measure defines 
a carbon intensity reduction goal, but it does not specify the means by which it will 
be achieved. Amongst the guiding principles of the Initial Strategy is the need for the 
impacts of the measures on States to be assessed, with particular attention to developing 
countries, especially small island development States (SIDS) and least developed coun-
tries (LDCs) (MEPC 304(72)).

The aim and the originality of this paper is to identify the potential impacts of slow 
steaming, when used as a short-term measure. MEPC.1/Circ.885 (MEPC 2019), provides 
a description of the procedure for the impact assessment of the proposed measures. The 
impact assessment must be simple, inclusive, transparent, flexible, evidence-based and 
measure-specific, as well as proportionate to the complexity and nature of the candi-
date measures in alignment with consideration of the candidate measures development. 
Additionally, the initial impact assessment must pay particular attention to the needs of 
developing countries, especially Small Island developing States (SIDS) and least devel-
oped countries (LDCs). Moreover, the impact assessment should consider, as appropri-
ate, inter alia (1) geographic remoteness of and connectivity to main markets; (2) cargo 
value and type; (3) transport dependency; (4) transport costs; (5) food security; (6) disas-
ter response; (7) cost-effectiveness; and (8) socio-economic progress and development.
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The above criteria formed the basis for the analysis of those articles identified in the 
relevant literature review. As already pointed out, the goal-based measure involves a 
limitation of operational emissions, which means that the speed and other operational 
characteristics must follow the carbon intensity target in practice. Although slow steam-
ing is not equivalent to the goal-based measure, the target-based measure can lead to 
speed reductions. For existing vessels, the most obvious operational measure that can be 
used to meet the operational goal-based objectives is a reduction in speed, and a similar 
situation applies to technical measures, since EEXI or power reduction would lead to 
a reduction in speed, and the owner, operator or charterer of the vessel is the relevant 
decision-maker (Vakili et al. 2022a).

The initial impact assessment in this research effort seeks to identify both positive and 
negative potential impacts of slow-moving traffic and to analyse the magnitude of the 
effects on transport costs, trade and those relating to Gross Domestic Product (GDP). 
In addition, the initial impact assessment seeks to evaluate whether the measure is likely 
to lead to disproportionately negative impacts and, if so, how they can be managed (e.g., 
avoided, addressed or mitigated), if appropriate.

This document is structured as follows: "Introduction" section provides the necessary 
Introduction; "Methodology" section describes the methodology of the study that was 
based on a systematic literature review; "The analysis of the peer-reviewed and grey lit-
erature" section summarises the analysis of the peer-reviewed and grey literature, and 
discussions and conclusions are presented in "Discussion" and "Conclusions" sections 
respectively.

Methodology
This qualitative systematic literature review aimed at identifying the potential impact 
of short-term measures of the IMO’s Initial Strategy—more specifically slow steam-
ing- on States, as reported in the literature. Particular attention was paid to the needs of 
developing countries, especially SIDS and LDCs, with regard to the eight impact criteria 
provided in MEPC.1/Circ.885 (MEPC 2019). This literature review process includes rel-
evant peer-reviewed articles, and various relevant grey literature (non-peer reviewed) 
documents. A systematic process was used to collect peer reviewed literature, as well as 
grey literature, in order to provide an objective means of identifying the sources.

The literature was identified by keyword searches in the following abstract and cita-
tions databases: Scopus, Science Direct, Google Scholar, Research Gate, and EBSCO. 
The specific keywords and their combinations used were as follows: “slow steaming”, 
“speed reduction”, “impact assessment”, “engine power limit”, “shaft power limit”, “Devel-
oping Countries”, “SIDs”, “LDCs”, “connectivity”, “geographic remoteness”, “cargo value”, 
“cargo type”, “transport dependency”, “transport cost”, “freight”, “inventory cost”, “food 
security”, “disaster response”, “socio-economic progress and development”, “logistic” and 
“cargo quality”.

A total of 864 works in eight categories were initially identified. To select the 
most relevant articles, two criteria for inclusion and exclusion were considered (see 
Table 1). In the first filtering step, where titles, conclusions, abstracts and keywords 
were analysed and considered, 469 studies were excluded and only 395 articles that 
were found to be relevant according to exclusion criterion one (Table  1). In the 
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second filtering step, the exclusion criterion two (Table  1) was applied after read-
ing and analysing the whole text. In this second step, 315 articles were found not to 
explicitly contribute to the topic, and were then excluded. In addition, 15 articles 
were included through backward and forward snowballing, which resulted in a total 
of 95 documents. In a third filtering step, any works older than 2003 were excluded, 
leaving 62 articles in the final selection. With the help of figure one, the various fil-
tering steps that served the methodology are summarised (Fig. 1).

Table 1 Inclusion and exclusion criteria

Criterion one
(Filtering step 1)

Criterion two
(Filtering step 2)

Criterion three
(Filtering step 3)

Peer reviewed articles and high quality 
conference papers, books, industrial 
and technical reports, which are rele-
vant to research questions and address 
slow steaming within the eight impact 
criteria provided in MEPC.1/Circ.885

Non-English studies, duplicate articles, 
non-peer reviewed articles, low quality 
industrial and technical reports, and 
articles that not totally covered the 
topic

Exclude texts older than 2003

Applying the exclusion 
criterion, 315 articles were 

excluded and adding 15
articles through backward and 
forward snowballing.

Selecting 95 documents 

Conducting a qualitative analysis to review 

62 of the literature, and assess its strengths 
and weaknesses.
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Fig. 1 The flow chart of the methodology
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The analysis of the peer‑reviewed and grey literature
This section contains the analysis of the peer-reviewed literature, along with the identi-
fied relevant grey literature. Findings are grouped with regards to each impact criterion 
by referring to a selection of relevant findings from the wider literature portfolio. The 
literature reviewed showed a stark variation in the frequency with which the literature 
treated the various impact criteria (Fig. 2 and Table 2). It was found that the majority 
of studies addressed the impact of slow-steaming on transport dependency and trans-
port costs. A high number of studies considered cargo-value and type when discuss-
ing potential impacts. An intermediate number of studies discussed cost-effectiveness, 
socio-economic progress and development, and geographic remoteness and connec-
tivity to main markets. It is also interesting to note that very few studies addressed the 
issues of food security and disaster response. The frequency with which the impact cri-
teria were observed in the literature, was a mere observation of this study, and to some 
extent indicative of gaps in the literature. It is by no means representative of a relative 
importance amongst any of the impact criteria.

It is important to highlight that a comprehensive impact assessment of all measures 
depends on the complexity and characteristics of the measures under examination. 
While it may be possible to assess the impact of measures against these eight criteria, 
it is difficult to identify all negative impacts and disproportionate impacts on develop-
ing countries, SIDS  and LDCs. As the eight criteria are interlinked and interrelated for 
a more accurate and comprehensive impact assessment of measures, it is important to 
further define the eight impact criteria, such as transport dependence and others, and 
consider their interlinkages.

Geographic remoteness of and connectivity to main markets

Several peer-reviewed articles have examined the relation of slow steaming to geo-
graphically remote and distant areas from main markets. Hummels and Schaur (2012), 
as well as Maloni et al. (2013), discussed the problem of increased “pipeline inventory” 
(i.e. goods in transit between buyer and seller), including increased transport costs due 
to slow steaming for areas distant to main markets. Additionally, a study of Wilmsmeier 

Fig. 2 Frequency of the various impact criteria in the examined literature
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Table 2 List of the literature, considering slow steaming within eight criteria

Geographic 
remoteness 
of and 
connectivity 
to main 
markets

Cargo value 
and type

Transport 
dependency

Transport 
cost

Food 
security

Disaster 
response

Cost-
effectiveness

Socio-
economic 
progress and 
development

Hummel’s 
and Schaur 
(2012)

Hämäläinen 
(2014)

APEC (2019) Zanne et al. 
(2013)

Carson 
(2016)

Psaraftis and 
Kontovas 
(2020)

Lindstad et al. 
(2012)

UNCTAD (2014)

Maloni et al. 
(2013)

Psaraftis and 
Kontovas 
(2014)

OECD (2014) Psaraftis and 
Kontovas 
(2010)

Karampampa 
(2014)

UNCTAD 
(2014)

Faber et al. 
(2012)

Sanchez et al. 
(2003)

Wilmsmeier 
and Sanchez 
(2009)

Jivén et al. 
(2020)

Zanne et al. 
(2013)

Dagkinis and 
Nikitakos 
(2015)

Soyer, Tetten-
born (2016)

Mimura 
(2013)

Finnsgård et al. 
(2020)

Wilmsmeier 
and Sanchez 
(2009)

Centre for 
International 
Economy 
(Argentina) 
(2020)

CEI (2019) Wilmsmeier 
and Sanchez 
(2009)

Cepeda et al. 
(2017)

OECD (2014) Zanne et al. 
(2013)

Newell et al. 
(2015)

Ferrari et al., 
(2015)

Karampampa 
(2014)

Holland et al. 
(2014)

Zhao et al. 
(2020)

Holland et al. 
(2014)

Cepeda et al 
(2017)

Jivén, et al. 
(2020)

APEC (2019) Soyer, Tetten-
born, (2016)

Mallidis et al. 
(2018)

Gurning et al. 
(2017)

Robinson 
(2020)

Mander (2017) Doelle and 
Chircop (2019)

Kontovas 
and Psaraftis 
(2011a)

UNCTAD 
(2014)

Wu (2020) Centre for 
International 
Economy 
(Argentina) 
(2020)

Wiesmann 
(2010)

Yin et al. 
(2014)

Armstrong 
(2013)

Centre for 
International 
Economy 
(Argentina) 
(2021)

Wilmsmeier 
and Sanchez 
(2009)

Psaraftis and 
Zis, (2020)

Notteboom 
et al. (2021)

MEPC 62/INF.7 
(2011)

Zanne et al. 
(2013)

Hummels 
et al. (2012)

Pradana et al. 
(2020)

Mander 
(2017)

Psaraftis and 
Kontovas 
(2010)

Elzarka & 
Morsi (2014)

UNCTAD 
(2014)

Oliveira 
(2014)

Carson (2016)

Mundaca 
et al. (2021)

Finnsgård 
et al. (2020)

Psaraftis and 
Kontovas 
(2020)

Cepeda & 
Caprace 
(2015)

Robinson 
(2020)

Balcombe 
et al. (2019)

Hämäläinen 
(2014)

Valentine 
et al (2013)

Centre for 
International 
Economy 
(Argentina) 
(2020)

Kontovas 
and Psaraftis 
(2011b)
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and Sanchez (2009) showed that food prices, which are correlated with transport costs, 
are higher in more geographically remote areas, not only by geographical distance, but 
also by their position in global shipping networks, for example if they are situated at the 
start or end of shipping lines. Another important aspect discussed in this research effort 
is that it is necessary to include the cost of time into the transportation costs, and thus 
into the cost of imported or exported food. Time increases the sailing costs for crew 
and auxiliary power, amount of refrigeration costs, and in the case in which it affects 
the type of cargo that can be transported, the price and revenue of the cargo. In the case 
of a speed reduction or slow steaming of ships, it may be expected that this cost would 
increase disproportionately for countries with longer distances to markets.

Certain national studies, like the one by the Centre for International Economy (Argen-
tina) (CIE 2020) have shown that any short-term GHG reduction measure approved by 
the IMO would most probably result in increased costs of export for Argentine suppliers 
and reduced competitiveness of Argentina’s foreign trade. These increased costs will be 
higher for longer transport distances and disproportionately distributed amongst coun-
tries as they largely depend on their distance from the main markets with Argentinian 
ports being more distant to China or the EU than US, Chinese or EU ports are amongst 
each other.

The impact of slow steaming on maritime services and inter-port competition focus-
ing on the major shipping services and the effects on service patterns between Asia and 
Europe- was highlighted in a study by Ferrari, et al. (2015). According to their findings, 
slow steaming can lead to the offer of differentiated shipping services, combining fast 
and direct services among main hubs and cheaper and slower services calling on small 
ports.

Meanwhile, the APEC report (2019) investigated the economic and environmental 
impact of slow steaming for Intra-APEC long distant economies, as well as the param-
eters that need to be considered when evaluating slow steaming across varied ship types, 
fleet, distance, and cargo from a shipper’s/trade point of view. The document highlighted 
that Intra-APEC long distance trade is restricted to sea, air or combination of both and 
analysed the nine long-distance Intra-APEC trade flows, i.e., three dry bulk trade routes 
and six containerized cargo trades with various values and types of cargoes. According 
to this report, slow steaming is more effective for ships with higher designed speeds, 
such as container ships and vehicle carriers. This document, through the analysis of vari-
ous scenarios, clearly concluded that emission reductions will be eroded for longer dis-
tances and super slow steaming might lead to the need of additional ships.

Cargo value and type

Cargo value and type in relation with the speed reduction measure as a modality of 
reducing GHG emissions from shipping has been widely discussed in literature, with 
varying conclusions. Speed reduction can be beneficial for shippers when bunker prices 
are high and market rates are low, as well as when there is fleet over-capacity due to 
decreasing demand (Kontovas and Psaraftis 2011a). Hämäläinen (2014) considered that 
speed reduction and freight shipping could economically lead to a positive effect to ship-
pers and cargo owners in the new fuel situation from 2015 onwards. This analysis has 
pointed out that there are quite vast variations between export markets due to different 



Page 8 of 25Vakili et al. Journal of Shipping and Trade             (2023) 8:2 

supply chain environments. Psaraftis and Kontovas (2014) highlighted that both fuel 
price and freight rates, which depend on the market conditions, have a strong effect on 
determining the optimum sailing speed of a vessel. Meanwhile, the effects for a specific 
shipping company depend on various factors such as shipping segment, geographic mar-
ket, modal competition and the design of the service, and can vary from minor to signifi-
cant (Jiven et al. 2020).

Speed reduction may reduce short-term operating costs and this could have an impact 
on the final customers (Carson 2016). Additionally, this issue could have a potential sig-
nificant implication for shipping customers, particularly those shipping perishable goods 
such as food (Karampampa 2014; Soyer and Tettenborn 2016). This implies that the 
increase in transport costs due to speed reduction will also vary depending on the com-
modity type and on whether this cost reduction can be passed-through to the producers 
or other actors of the supply chain. As an example, in the case study of soybean meal 
exports to the Netherlands, 11–41% of the cost reductions were not passed through to 
the other actors; however, a reduction of 5–23% of the costs were passed through to the 
other actors (CEI 2019). There is also a relation between slow steam measure and trans-
portation time (Wiesmann 2010). In fact, cargo owners have to accept that the trans-
portation time of their goods will be increased slightly and at the same time, the carriers 
need to adapt their trade schedule. Wilmsmeier and Sanchez (2009), also highlighted the 
importance of including the cost of time into the transportation costs, and thus into the 
cost of imported or exported food.

Although many studies show that the overall benefits of slow steaming overweigh the 
costs, shippers will have their individual perspectives on the practice, which may vary 
with type and volume of the cargo, as well as the availability of credit facilities (Zanne 
et al. 2013). Additionally, according to Mander (2017), slow-steaming may benefit car-
riers in reducing fuel costs, but this benefit may not be passed on to shippers who may 
suffer from increased transit times of the goods, leading to unequally distributed advan-
tages and disadvantages. The risk of increased transit times to the quality of perishable 
goods is also another important factor that must be considered, especially for SIDS and 
LDCs in terms of global markets, such as costs and connectivity issues, as well as affect-
ing the reliability of transport and logistics services and impact on cargo value (UNC-
TAD 2014).

Transport dependency

Although the majority of studies addressed the transport dependency criterion, less 
attention has been paid to the impact of slow steaming on transport dependency for 
SIDS and LDCS. SIDS regroup a collection of countries that are diverse in many aspects, 
including in terms of their geographical location and respective levels of develop-
ment. Despite some differences in the profile, structure and flows of their trade, SIDS 
share a number of common features from an international transport perspective: geo-
graphic remoteness from their main trade partners; limited volumes of trade; trade 
imbalances stemming from a heavy reliance on imports; and low volumes of exports 
highly concentrated in a few products (OECD 2014; Psaraftis and Zis 2021). As highly 
open economies, most SIDS are particularly dependent on their foreign trade and suf-
fer from a strong exposure to external variations, including global or regional financial 
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and economic crises. Also, due to their geographical location in areas of strong weather 
and seismic events, many SIDS find themselves amongst the most vulnerable territo-
ries in terms of exposure to natural hazards and foreseeable impacts of climate change 
(Robinson 2020). Both economic and environmental risks have significant bearings on 
SIDS’ transport systems in terms of reliability and costly operation. UNCTAD (2014), 
highlighted some of the related obstacles faced by transport services connecting SIDS to 
global markets, such as costs and connectivity issues, transport dependency, as well as 
disruptive weather related events affecting the reliability of transport and logistics ser-
vices. Transport costs of SIDS trade are comparatively high because small volumes of 
trade have to travel long and indirect routes to reach distant markets.

Taking the above into consideration, Holland et  al. (2014), provided context for an 
emerging discussion on the relationships between global  CO2 and other pollutant emis-
sions, in particular the contributions from global shipping, and the sea transport sce-
nario for Pacific Island countries (PICs). The Pacific is the most dependent region on 
imported fuels; a major inhibitor of sustainable development for PICs. Although most 
operators in PICs already employ slow steaming, considering that fuel costs are the 
major component of shipping operators’ costs one of the options considered to reduce 
this cost is employing further slow steaming. This effort highlighted the problem of 
missing data and records in order to perform accurate impact analysis of the potential 
measures in order to mitigate the effect of GHG emissions in PICs. Sea transport is a 
critical need; the region’s transport issues are unique—small and vulnerable economies, 
long distances, and old ships of poor standard, entirely fossil fuel dependent and minute 
contribution to global emissions.

Additionally, an APEC report (2019), investigated the results of the economic and 
environmental impacts of slow steaming for Intra-APEC long distant economies, as well 
as the parameters that need to be considered when evaluating slow steaming across var-
ied ship types (two classes of container and bulk ships), fleet, distance, and cargo from a 
shipper’s/trade point of view. That document highlighted that Intra-APEC long distance 
trade is restricted to sea, air or combination of both. The document analyses the nine 
long-distance Intra-APEC trade flows, i.e. three dry bulk trade routes and six container-
ized cargo trades with various values and types of cargoes. Depending on the commod-
ity value and type, the study found slow steaming to have a different impact. For low 
valuable and non-perishable products, the study found the delay due to slow steaming to 
be minimal. However, for high value perishable goods or fast-moving consumer goods 
the study found the impact due to the delay caused by slow steaming to be considerable 
and that it may result in a shift to higher carbon intensive transport modes, such as air 
freight. Moreover, slow steaming is more effective for ships with higher designed speeds 
such as container ships, vehicle carriers. The document through analysis of various sce-
narios showed that in longer distances emission reductions will be eroded, as well as 
the implementation of super slow steaming might lead to requiring additional ships to 
ensure the service is maintained.

A certain number of the sourced articles examined the impact of slow steaming on 
transport dependency through analyzing the impact of slow steaming on cost. Zanne 
et  al. (2013), highlighted that transport dependency is amalgamating with transport 
cost and Wilmsmeier and Sanchez (2009), conducted an analysis of the influence of 
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transport, namely freight rates on food prices. The study carried out a regression analy-
sis on how transport cost is affected by various factors including the maritime transport 
dependency and centrality of a country in the shipping liner network, allowing to inves-
tigate the impact of centrality on transport costs. This analysis showed that food prices, 
which are correlated with transport costs are higher in more geographically remote areas 
(which has more dependency to the maritime transportation), not only by geographical 
distance, but also by their position in global shipping networks. Other studies showed 
that slow steaming results to voyage cost reduction and it is not always correlated with 
transport distance with the largest delays occurring for the shippers on the last segment 
of the voyage (Mallidis et al. 2018). Additionally, a study on container ships sailing on the 
East Asia—North Europe trade route showed that both fuel price and a price on carbon 
lead to a reduction in the optimum sailing speed. The authors concluded that both an 
increase in fuel price or an increase in the price for  CO2 emissions should cause ship 
owners to reduce their sailing speed, and that this was correlated with a positive envi-
ronmental impact in terms of GHG emissions reduction (Yin et al. 2014).

Hummels et al. (2012), estimated that each day in transit is equivalent to an ad-valorem 
tariff of 0.6 to 2.3 percent and that the most time-sensitive trade flows are those involv-
ing parts and components trade. These results suggest a link between sharp declines in 
the price of air shipping and rapid growth in trade as well as growth in world-wide frag-
mentation of production. Psaraftis and Kontovas (2010), analysed the cost of shipping 
under varying conditions of charter rates and ship speed. The study built a model to con-
sider the modal split between shipping and one land-based transportation route. It was 
found that according to the model used, if the speed of ships was reduced at constant 
freight rates, then more cargo would be shifted to the land-route. Meanwhile, number 
of papers discussed the transport dependency through the possibility of modal shift in 
case of slow steaming and its negative externalities. As an example, slow steaming may 
encourage some cargoes to shift to other, faster modes of transport, including road, rail 
or air (Psaraftis and Zis 2021), which can lead to more air emissions to the environment 
as the case of modal shift to air freight is 47 times more carbon intensive than a con-
tainer ship (APEC 2019).

Other studies considered the determinates of freights on the main shipping route. As 
an example, Oliveira (2014), analyzed the determinants of freight rates on main ship-
ping routes linking Europe to the rest of the world. According to the study freight rates 
across routes can vary due to specific characteristics of the routes in terms of fuel cost, 
amount of transshipment, trade volume, connectivity and port infrastructure. Major 
routes have an advantage in terms of fuel cost, not only due to maritime distance, but 
also because of the deployment of the most efficient vessels on these routes. The amount 
of transshipment also affects the freight rates that tend to be higher for routes with low 
trade volume. In addition, setting rules for carbon reduction in shipping is another fac-
tor that is considered to be an effective measure in setting freight rates. Mundaca et al. 
(2021), highlighted the potential impacts of carbon taxation of international transport 
fuels on  CO2 emissions and trade activity, focusing on maritime transport. According to 
the findings, the bunker-price elasticities of products range from -0.003 to -0.42 and the 
largest impacts of carbon taxes on maritime trade are on the products with the lowest 
sales values in relation to their weight. A global tax of $40 per ton  CO2 tax would reduce 
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carbon emissions by about 7% for the heaviest traded products transported by sea with 
the greatest  CO2 emission reductions being for products with particularly low value-to-
weight ratios such as fossil fuels and ores. Their conclusions suggest that an increase in 
the bunker fuel price would lead to substantial reductions per ton-km for internation-
ally traded products reducing at the same time the bunker fuel consumption and carbon 
emissions from international shipping.

Transport cost

The majority of the peer-reviewed papers examined the impact of slow steaming on 
transport costs, with many of them analysing the direct impact on vessels’ operational 
costs and others following a more holistic approach and discussing how slow steaming 
would affect the whole supply chain and the various actors involved. The important ben-
efits of applying slow steaming in reducing fuel consumption and, therefore, fuel costs 
and harmful emissions were highlighted in the findings of Zanne et al. (2013). Psaraftis 
and Kontovas (2010) and Dagkinis and Nikitakos (2015), also analysed the cost of ship-
ping under varying conditions of charter rates and ship speed and concluded that slower 
speed was the preferred option in terms of costs if the charter rates were low, whereas 
higher speeds were preferred at higher charter rates. Cepeda et  al. (2017), also con-
ducted sensitivity analyses with respect to bunker prices and the costs of new sheets to 
supplement the fleet, which showed that cost reductions favoured the use of slow steam-
ing if bunker prices are high, and favoured operation at original speed (assuming con-
stant transport work) if the capital expense of new vessels was high.

Zhao et al. (2020), carried out an analysis of the loss aversion mechanism employed 
by decision makers at shipping companies in order to determine the optimal sailing 
speed and recommended that shipping companies should reduce sailing speed under 
conditions of high fuel prices, low compensation costs required to be paid to custom-
ers for late deliveries, and when there were few cargoes onboard the vessels. Gurning 
et al. (2017), also investigated which ship speed is most optimal for shipping companies 
by considering technical and operational, financial and also environmental aspects and 
supported that the ship’s speed is the most important factor in ship’s operational cost 
and revenue, and operating in optimum speed could help the ship-owners save costs. 
The analysis recommended super slow steaming as the optimal speed for container 
vessels. Extra slow steaming and slow steaming alternatives are placed in second and 
third ranks, respectively and full speed is placed as the last optimal speed for container 
vessels. According to Wu (2020), carriers will reduce ship speed if the saved fuel cost 
outweighs the incurred capital and operating costs, and slow steaming can save fuel 
consumption for carriers even if additional ships may be required to maintain sailing 
frequency. Moreover, it was highlighted that the optimal speed will be increased by the 
ship size, and if the carriers intend to deploy slow steaming the optimal strategy is to call 
extra ports with extra ships.

Armstrong (2013), found slow-steaming to be the most effective measure for the 
reduction of fuel consumption and suggested that, even though the implementation 
of slow-steaming was the result of commercial optimisation in the light of the eco-
nomic recession of 2008–2009, it would be prudent to continue the practice of slow-
steaming even when the world economy recovers, in order to maintain the significant 
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fuel efficiency benefits in the interest of reducing GHG emissions. Notteboom et  al. 
(2021), investigated and compared the temporal and spatial sequences of the supply and 
demand shocks of COVID-19 and the 2008–2009 financial crisis on container ports and 
the container shipping industry. According to their findings, adaptation mechanisms to 
these shocks—such as slow steaming—have not been applied at the same extent during 
the financial crisis and COVID-19. More specifically, slow steaming that was extensively 
used as a cost-saving strategy during the financial crisis of 2008–2009 was not a part of 
the capacity management efforts during COVID-19, as this strategy was already in place 
and there was little room left for further speed reductions.

Pradana et al. (2020), used analytical relations to calculate the shipping costs for cargo 
ships operating in Indonesia (those that connect the more remote parts of eastern Indo-
nesia with western Indonesia). Assumptions for ship speed were made and divided into 
three scenarios: In the first scenario the shipping costs were calculated using real voyage 
data made available by the Ministry of Transportation of the Republic of Indonesia. In 
the second scenario, the ship speed was assumed to be reduced based on reports about 
the weather conditions (wind and waves) using an assumption about ship speed loss as a 
function of weather. In the third scenario the ship speed was reduced further, not only as 
a result of the weather conditions, but also as a result of a further reduction of speed of 
either 10% or 12%. The results showed that the lowest transport costs were calculated for 
the third scenario, which simultaneously implemented a reduction of ship speed due to 
weather and slow steaming. For two out of the three shipping routes used in this inves-
tigation, the lowest transport cost was achieved for the 10% speed reduction in the third 
scenario.

A number of studies analysed the impact of slow steaming on the different actors of 
the supply. According to Elzarka and Morsi (2014) the impact of slow steaming on cost 
is undeniable, but supply chain lead times become longer and alternative supply sourc-
ing options need to be examined (e.g. near-shoring or on-shoring). Carson (2016), stated 
that, even though speed reduction has reduced short-term operating costs for ship oper-
ators, shippers have not benefited from slow steaming to the same extent as carriers have 
not passed on savings from reduced shipping costs via lower freight rates. Similar find-
ings come from the study of Finnsgård et al. (2020); the authors conducted a case study 
on six Swedish companies in various industries using shipping to transport their goods 
and focused on the impact of slow-steaming on the shipper, and not on the ship owner. 
The study noted that in principle there is a negative abatement cost to GHG abatement 
from slow-steaming. According to their findings, all companies reported that they felt 
increased transit times associated with slow-steaming, with only one of the companies 
receiving a recognisable reduction in transport cost, as a result of the slow-steaming 
practices. This means that all the cost-reduction due to this practice remained with the 
carrier.

Cepeda and Caprace (2015), assessed in particular whether the reduced transportation 
work due to slow-steaming or ultra-slow-steaming would still be profitable although 
new ships would need to be purchased to restore the transportation work to its original 
value. It was found that both slow-steaming and ultra-slow steaming were more profit-
able than the current practice, and that costs for purchasing new vessels were more than 
offset. Zanne et al. (2013), elaborated on the GHG and transport cost reduction benefits 
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of slow steaming in the wake of the economic recession of 2008–2009 and concluded 
that slow-steaming is the most cost-effective measure of reducing fuel consumption and 
air emissions, but shippers will have their individual perspectives on the practice, which 
may vary with type and volume of the cargo, as well as the availability of credit facilities. 
Balcombe et al. (2019) found out that the average GHG savings due to slow steaming are 
around 19%, if the addition of further vessels to make up for the lost transport work is 
considered, and underlined that, while slow steaming results in considerable fuel savings, 
the cost reduction is not always felt by the cargo owner and slow-steaming practices may 
require some form of regulation. Hämäläinen (2014), examined how slow steaming in 
freight shipping can bring economically positive effects to shippers and cargo owners in 
the new fuel situation from 2015 onwards. According to this analysis, slow steaming has 
been used to tackle the negative economic impacts of the Sulphur Directive in the short 
sea shipping routes, but positive impacts of slow steaming vary from market to market. 
Valentine et al. (2013), also suggested that slow steaming consists of one of the measures 
adopted by the shipping industry as a response to rising fuel costs.

The 2020 report of the Centre for International Economy (Argentina) (2020) provides 
an analysis of the economic impact of energy efficiency measures in shipping on the 
cost of Argentine exports. According to this analysis, speed reductions of 10–30% could 
reduce actual cost of transportation, even if additional ships would be needed to main-
tain a constant transportation rate. The study highlights the importance of this costs 
reduction to be passed-through to the producers; for example, for the case of soybean 
exports to China, producers would face a cost increase by 11–37% or an actual reduction 
in their costs by 6–26% depending on whether the transport costs reductions would be 
passed through.

Kontovas and Psaraftis (2011), investigated the scenario of reducing emissions along 
the maritime intermodal container chain and explored the potential effects of speed 
reduction of container vessels on reducing emissions and fuel consumption. They inves-
tigated possible ways to decrease time in port since slow steaming increases the time of 
vessels at sea focusing on the potential to reduce berthing and waiting times at container 
ports to keep the total turnaround time constant. According to their findings, speed 
reduction can be beneficial for shippers when bunker prices are high and market rates 
are low and when there is fleet over-capacity due to decreasing demand. Concerning the 
cost-effectiveness of speed reduction, the authors pointed out that it is an overall more 
profitable option for the operators depending on the additional costs of deploying the 
extra vessels. For the charterers, speed reduction relates to increased in-transit inven-
tory costs that are proportional to the value of the cargo.

Food security

A number of studies have identified slow-steaming as having a potential negative impact 
on food prices and food security. Some articles argued that slow steaming may have sig-
nificant implications for the shipping customers of perishable goods such as food (Kar-
ampampa 2014; Carson 2016; Soyer and Tettenborn 2016) and Wilmsmeier and Sanchez 
(2009), conducted an analysis of the influence of transport, namely freight rates on food 
prices. In the introduction freight rates of the first part of this millennium leading up 
to the start of the economic crisis in the last quarter of 2008 are compared with food 
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prices, indicating considerable correlation. The study notes that since the food importer 
bears the price of the transport costs, increased transport costs would be expected to 
have a considerable economic and societal impact on the costs and consumption of 
food. People with low incomes would be particularly vulnerable to an increase in food 
costs deriving from transport cost, and may thus affect food security. This analysis shows 
that food prices, which are correlated with transport costs are higher in more geographi-
cally remote areas, not only by geographical distance, but also by their position in global 
shipping networks, for example if they are situated at the start or end of shipping lines. 
Another important aspect discussed in this article is that it is necessary to include the 
cost of time into the transportation costs, and thus unto the cost of imported or exported 
food. Time increases the sailing costs for crew and auxiliary power, amount of refrigera-
tion costs, and in the case in which it affects the type of cargo that can be transported, 
the price and revenue of the cargo. In the case of a speed reduction or slow steaming of 
ships, it may be expected that this cost would increase disproportionately for countries 
with longer distances to markets.

Disaster response

SIDS are heavily dependent on marine transportation and face common economic and 
development challenges. Geographical remoteness, the higher shipping costs associated 
with the low connectivity to main markets, the need for transhipment, and the transport 
dependency particularly during emergencies are some of the main concerns of SIDS 
(Psaraftis and Zis 2021).

Most SIDS are vulnerable to natural hazards (UNCTAD 2014), and like the other 
developing countries climate change and population growth is increasing the vulnerabil-
ity of SIDS to disaster risk (Mimura 2013). On one hand, the larger exposure of SIDS to 
the impacts of climate change and natural disaster and on the other hand lack of abil-
ity of SIDS to respond, make SIDS among the most vulnerable countries in the world 
(OECD 2014). Connectivity of SIDS with the global community and international trade 
is crucial, to fulfil the essential needs of SIDS. Shipping is the "lifeline" and plays an 
important role for SIDS in essential connectivity and disaster response. Although the 
topic is crucial for SIDS, there is a lack of study, and neither papers nor case studies 
provide any analytical information on the extent of the importance of maritime trans-
portation and the negative impacts of the implementation of slow steaming in relation to 
response in disasters.

As open and small economies, SIDS are also vulnerable to global economic and finan-
cial shocks. OECD (2014), highlighted that short-term disaster response must be linked 
to long-term financial support for resilience building and financing, and Holland et al. 
(2014), provided context for an emerging discussion on the relationships between global 
 CO2 and other pollutant emissions in particular the contributions from global ship-
ping, and the sea transport scenario for PICs. The Pacific is the region most dependent 
on imported fuels, which is a major inhibitor of sustainable development for PICs. The 
paper highlighted that sea transport is a critical need and the region’s transport issues 
are unique, small and vulnerable economies, long distances, and old ships of a poor 
standard, entirely fossil-fuel dependent and minute contribution to global emissions.
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Robinson (2020), highlighted that although SIDS are among the least responsible of all 
nations for climate change, they are likely to suffer strongly from its adverse effects and 
could in some cases even become uninhabitable. Ninety per cent of the SIDS are in the 
tropics, and almost all SIDS depend heavily on fossil fuels. The use of fossil fuels includes 
not only power production and the desalination of water, but also transport, including 
tourists as well as the transfer of goods.

Cost-effectiveness

A rather intermediate number of studies discussed the cost-effectiveness of vessel speed 
reduction as a means of reducing GHG emissions from shipping with varying conclu-
sions. These studies found that speed reduction was a cost-effective means of reducing 
GHG emissions, in that it comes at no economic cost, or even at a negative GHG abate-
ment cost. Part of this group of studies was document MEPC 62/INF.7 (2011) which 
concluded that a 10% or 20% speed reduction would both have negative abatement 
costs, but that a 10% speed reduction was most cost-effective. Lindstad et  al. (2012), 
concluded at a reduction of GHG emissions of up to 28% being possible at zero abate-
ment costs. The same study also concluded that global GHG emissions could be reduced 
by 30% over this time span at zero abatement cost, by increasing the size of the vessels. 
This suggests that while slow-steaming was estimated to have a negative abatement cost, 
the abatement potential of using larger vessels was even larger. Additionally, Finnsgård 
et al. (2020) highlighted that in principle the abatement cost of slow-steaming is nega-
tive and if the average speed of vessels in 2007 would be reduced to 85%, benefits would 
outweigh the costs by 178–617 billion USD in the period up to 2050, depending on fuel 
prices (Faber et al. 2012).

However, a number of studies showed a more balanced picture. Zanne et  al. (2013) 
highlighted that while studies showed that the overall benefits of slow steaming over-
weigh the costs, shippers will have their individual perspectives on the practice, which 
may vary with type and volume of the cargo, as well as the availability of credit facili-
ties. The authors further mentioned the potential for energy efficiency in propulsion and 
auxiliary power to contribute to a reduction in fuel consumption, and also highlighted 
the possibilities of using renewable energy such as wind and solar power, battery elec-
tric hybrid propulsion systems and alternative fuels to replace part of the energy cur-
rently derived from fuels. The authors concluded that slow-steaming is not the only way 
of reducing fuel consumption and air emissions, but that it appeared to be the most cost-
effective measure.

Cepeda et al. (2017) showed that slow steaming and ultra-slow steaming reduced  CO2 
emissions per transport work by 51% and 85% respectively, whilst reducing at the same 
time SOx emissions by 43% and 78% respectively and operating costs of the fleet by 1% 
and 34% respectively. The fleet was supplemented with new ships in order to maintain 
the transport work at more or less a constant level (± 7%). The study also conducted sen-
sitivity analyses with respect to bunker prices and the costs of new ships to supplement 
the fleet, which showed that cost reductions favoured the use of slow steaming if bunker 
prices were high, and favoured operation at original speed (assuming constant transport 
work) if the capital expense of new vessels was high.
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A number of studies found that slow-steaming could have severe economic costs. 
Mander (2017), highlighted the fact that slow-steaming may have a wider impact on 
supply-chains beyond shipping, with businesses operating lean ’just-in time’ supply 
chains most affected. Slow-steaming may benefit carriers in reducing fuel costs, but this 
benefit may not be passed on to shippers who may suffer from increased transit times 
of the goods, leading to unequally distributed advantages and disadvantages. The risk 
of increased transit times to the quality of perishable goods is also mentioned. Slow-
steaming requires coordination of the larger logistics network in order to ensure suffi-
cient warehouse space and coordination with other modes of transport. The author also 
mentioned the impact of slow-steaming on ship crews, increasing their transit times and 
potentially requiring potential changes in duties onboard.

The 2020 report by the Centre for International Economy (Argentina) (2020), provided 
an analysis of the economic impact of energy efficiency measures in shipping on the cost 
of Argentine exports. Three energy efficiency measures were considered: 1. operational 
measures such as speed optimisation and speed reduction, as well as improvement of 
port operations, 2. technical measures such as energy efficiency measures and the use 
of low-carbon alternative fuels, and 3. the use of market-based measures such as nego-
tiable emissions permits and emission taxes. Two case-studies using soybean product 
exports to China and the Netherlands were used to evaluate the costs of the energy effi-
ciency measures. The study observed that having to pay for  CO2 emissions would result 
in a 10–36% increase in transport costs for the case of Argentine soybean exports. The 
study also observed that speed reductions of 10–30% could reduce actual cost of trans-
portation, even if it was considered that additional ships would be needed to maintain a 
constant transportation rate. Crucially, the study noted that it depends on whether this 
cost reduction can be passed-through to the producers, on whether it would increase 
their cost by between 11 and 37% or in fact reduce their costs by 6–26% for the case of 
soybean exports to China. In the case study of soybean meal exports to the Netherlands, 
similar values were calculated: An increase of 11–41% in case the costs reductions were 
not passed through and a reduction of 5–23% if the costs were passed through. Finally, it 
was noted that there exists a risk that increases in transport costs could result in agricul-
tural produce suppliers from other countries may step in and supply the markets instead, 
but that this depends on how much of the cost-savings due to fuel reduction are passed-
on to the charterers.

Furthermore, the 2021 paper by the Centre for International Economy (Argentina) (2021), 
argues that GHG reduction measures approved by the IMO would result in increased costs 
of export for Argentine suppliers with high probability and this would result in a reduced 
competitiveness of Argentina’s foreign trade. It was also argued that these costs would be 
higher for longer transport distances, and that therefore increases in costs would be dispro-
portionately distributed amongst countries, and depend on their distance from the main 
markets. The paper aims to provide preliminary statistical data for analysing the impact 
of the short-term GHG reduction measure on trade. First, data was provided on the frac-
tion of trade executed by shipping, which in the case of Argentina is much higher at 75% 
than the United States (46%) or the EU (35%). It was also argued that Argentine ports have 
longer distances to China or the EU, than equivalent US, Chinese or EU ports have amongst 
each other. Data was also provided on the industrial sectors on which Argentina depends 
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for exports. Argentina’s exports rely predominantly on agriculture food production, fish 
and minerals (which are predominantly transported by ship), with the share of industrial 
products being relatively low at 22% of value. Finally, data was provided on the chilled and 
frozen meat exports, on which Argentina strongly relies. It was shown that chilled meat 
exports provide higher revenues, because of the higher market price for chilled meats. If 
shipping speeds are reduced, Argentina will be impacted by losing markets for chilled meat, 
and thus loose revenue. It may be able to make up trade losses to some extent by exporting 
frozen meat instead, if possible, but export losses would persist due to the lower market 
prices for frozen meat. These negative economic impacts may need to be considered in the 
cost-effectiveness of the measures.

Socio-economic progress and development

Socioeconomic progress and development can be defined as the identification and inclu-
sion of factors determining the rate of the socioeconomic progress of a country under 
definite conditions of its development process (Gilani and Hoseinzadeh 2021; Khodayar 
Sahebi et al. 2021; Hoseinzadeh and Garcia 2022; Vakili et al. 2022b). The change to a long-
term slow steaming scenario need, however, a number of considerations. Most SIDS are 
particularly dependent on their foreign trade and suffer from a strong exposure to external 
variations, including global or regional financial and economic crises. Both economic and 
environmental risks have significant bearings on their transport systems in terms of reli-
ability, costly operation and connectivity issues (UCTAD 2014). According to Sanchez et al. 
(2003), on average, 8.6% of the value of merchandise imported by the countries of Latin 
America and the Caribbean is spent on freight and insurance costs relating to their inter-
national carriage; this figure is 40% higher than the world average. Major differences persist 
within the region, with the Caribbean economies recording the highest indices.

Wilmsmeier and Sanchez (2009), highlighted in their analysis that food prices, which are 
correlated with transport costs, are higher in more geographically remote areas, not only by 
geographical distance, but also by their position in global shipping networks, for example 
if they are situated at the start or end of shipping lines. The effects for a specific shipping 
company depend on various factors, such as shipping segment, geographic market, modal 
competition and the design of the service, and can be varied from minor to significant 
(Jiven et al. 2020). In addition, according to Doelle and Chircop (2019) there is a necessity 
of further assessment for the overall effect of speed management, especially regarding safe 
navigation and economic development for SIDs and LDCs. As an example, Pacific islands 
due to their specific characteristics, such as severe dependency on fossil fuel, long routes, 
minute economies, imbalance in import and export, financial barriers, and high infrastruc-
ture cost, face greater challenges in achieving long-term sustainable shipping (Newell et al. 
2015). Table 3 summarises our findings on the impact of slow steaming on countries, and 
most specifically, the LDCs and the SIDS.

Discussion
From a global perspective, the impact of slow steaming as an emission reduction strat-
egy will vary from market to market and geographic regions (Valentine et  al. 2013; 
Hämäläinen 2014). As highlighted in some studies, when implementing slow steaming in 
shipping, it is crucial to maintain a balance between reducing emissions and extending 
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Table 3 Impact of slow steaming on countries based on the eight criteria

Eight criteria Impact of slow steaming on LDCs and SIDS

Geographic remoteness of and connectivity 
to main markets

Increased ’pipeline inventory’ and overall transport costs for areas 
distant to main markets due to their geographical distance, but 
also their position in global shipping networks
Increased export costs and reduced competitiveness of foreign 
trade for longer transport distances and disproportionate impact 
distribution for countries distant to the main markets
Impact on inter-port competition focusing on the major shipping 
services and leading to the offer of differentiated shipping services, 
combining fast and direct services among main hubs and cheaper 
and slower services calling on small ports

Cargo value and type The impact depends on various factors such as shipping segment, 
geographic market, modal competition and the design of the 
service, and can vary from minor to significant
Potential significant implication for shipping customers, particu-
larly those shipping perishable goods such as food
Will also vary depending on the commodity type and on whether 
this cost reduction can be passed-through to the producers or 
other actors of the supply chain
The risk of increased transit times to the quality of perishable 
goods, especially for SIDS and LDCs in terms of connectivity issues, 
as well as the reliability of transport and logistics services and 
impact on cargo value

Transport dependency The SIDS region’s transport issues are unique—small and vulner-
able economies, long distances, and old ships of poor standard, 
entirely fossil fuel dependent and minute contribution to global 
emissions
If the speed of ships was reduced at constant freight rates, then 
more cargo would be shifted to the land-route for short distance 
shipping routes
Slow steaming may encourage some cargoes to shift to other, 
faster modes of transport, including road, rail or air, which can lead 
to more air emissions to the environment
Freight rates across routes can vary due to specific characteristics 
of the routes in terms of fuel cost, amount of transshipment, 
trade volume, connectivity, and port infrastructure. Major routes 
have an advantage in terms of fuel cost, not only due to maritime 
distance, but also because of the deployment of the most efficient 
vessels on these routes. The amount of transshipment also affects 
the freight rates that tend to be higher for routes with low trade 
volume

Transport cost Important benefits in reducing fuel consumption and, therefore, 
fuel costs and harmful emissions
Shipping companies should reduce sailing speed under conditions 
of high fuel prices, low compensation costs required to be paid 
to customers for late deliveries, and when there were few cargoes 
onboard the vessels
The impact of slow steaming on cost is undeniable, but supply 
chain lead times become longer and alternative supply sourcing 
options need to be examined (e.g. near-shoring or on-shoring)
Even though speed reduction has reduced short-term operating 
costs for ship operators, shippers have not benefited from slow 
steaming to the same extent as carriers have not passed on sav-
ings from reduced shipping costs via lower freight rates
Slow-steaming is the most cost-effective measure of reducing fuel 
consumption and air emissions, but shippers will have their indi-
vidual perspectives on the practice, which may vary with type and 
volume of the cargo, as well as the availability of credit facilities
An overall more profitable option for the operators depending on 
the additional costs of deploying the extra vessels. For the charter-
ers, speed reduction relates to increased in-transit inventory costs 
that are proportional to the value of the cargo
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transit times, while taking into account customer tolerance for longer transit times 
(APEC 2019). If the balance is disturbed and customer tolerance is exceeded, modal 
shifts to modes with significantly higher carbon intensity, such as air cargo, or, in the 
worst case, the potential loss of trade for highly time-sensitive cargoes may occur. In line 
with this, the current sequences of the supply and demand shocks due to the COVID-19, 
which have different origins and impacts compared to the 2008–2009 financial crisis, 
should have been taken into consideration for further projection analysis. Slow steam-
ing, adopted during the financial crisis of 2008–2009 in an attempt to absorb excess 
capacity, could not be used as a tool during the pandemic as the practice of slow steam-
ing was largely in place as the response of shipping lines to reduced shipping volumes 
caused by the global financial crisis of 2008–2009 (Armstrong 2013). Additionally, slow 
steaming is not a measure that can be applied universally and is contextual to the tech-
nology the industry is operating with and market conditions with the newbuilding and 
retrofitted vessels already operating at lower speeds.

Developing, SIDS, and LDCs vary in many ways, including in terms of their geo-
graphic location, their respective level of development, and their exposure to natural dis-
asters and the likely impacts of climate change (UNCTAD 2014), but they are all strongly 
affected by the negative impacts of climate change. The Pacific region is the most 
dependent on imported fuels and since fuel costs are the major component of ship oper-
ators’ costs, they are a major constraint on the sustainable development of PICs (APEC 
2019). Therefore, slow steaming is one of the options to reduce these costs and currently 
most operators in the region are already using it whenever possible.

Table 3 (continued)

Eight criteria Impact of slow steaming on LDCs and SIDS

Food security Slow-steaming having a potential negative impact on food prices 
and food security
May have significant implications for the shipping customers of 
perishable goods such as food
People with low incomes would be particularly vulnerable to an 
increase in food costs deriving from transport cost and may thus 
affect food security
Necessary to include the cost of time into the transportation 
costs, and thus unto the cost of imported or exported food. Time 
increases the sailing costs for crew and auxiliary power, amount of 
refrigeration costs, and in the case in which it affects the type of 
cargo that can be transported, the price and revenue of the cargo

Disaster response SIDS are heavily dependent on marine transportation and consist 
small and vulnerable economies that face common economic and 
development challenges due to geographical remoteness, the 
higher shipping costs associated with the low connectivity to main 
markets, the need for transhipment, and the transport depend-
ency particularly during emergencies

Socio-economic progress and development Most SIDS are particularly dependent on their foreign trade and 
suffer from a strong exposure to external variations, including 
global or regional financial and economic crises. Both economic 
and environmental risks have significant bearings on their trans-
port systems in terms of reliability, costly operation and connectiv-
ity issues
Pacific islands due to their specific characteristics, such as severe 
dependency on fossil fuel, long routes, minute economies, 
imbalance in import and export, financial barriers, and high 
infrastructure cost, face greater challenges in achieving long-term 
sustainable shipping
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In general, freight rates for SIDS and LDCs are high (De Oliveira 2014), which is due 
more to the monopoly control of the market by shippers than to connectivity with dis-
tance to major routes. Therefore, due to the lack of adequate policies and funding, some 
literature recommends considering direct and indirect compensation mechanisms to 
address the concerns of SIDS and LDCs. Almost all SIDS rely heavily on fossil fuels for 
transportation (APEC 2019) and due to barriers such as cost and connectivity issues, 
transportation services to connect SIDS and LDCs to global markets may be affected. 
Moreover, the reliability of transport and logistics services for SIDS and LDCs is unique 
and should be taken into account when assessing the impacts of proposed measures.

Taking into account the above and changes in the strategic behavior of market partici-
pants, further adjustment mechanisms, such as slow steaming, have been shown to lead 
to different outcomes and uncertainty, especially for SIDS, LDCs and developing coun-
tries. However, it would be useful to use historical data on the application of slow steam-
ing, especially after the 2008 financial crisis, and consider a holistic, systematic, and 
transdisciplinary approach to assess the direct and indirect impacts of slow steaming on 
all maritime cluster stakeholders (Vakili et al. 2022a), especially for SIDS and LDCs.

As indicated in several studies, it is important that all actors in the supply chain adopt 
slow steaming (APEC 2019; CIE 2020; CIE 2021). If or when slow steaming is made 
mandatory, the windows of berths in ports, for example, will have to be reviewed and 
adapted to the new operational regime; i.e., no port fees should be charged for slow 
steaming. Slow steaming may also be economically problematic and practically difficult 
for small passenger ships and mixed passenger/cargo ships, which are a lifeline for con-
necting many SIDS, LDCs and microstates. Passenger ships are the only transportation 
option for the connections of many SIDS and LDCs. However, the impact of slow steam-
ing on passenger ships, feeder and sub feeder transport was not adequately analyzed in 
the peer-reviewed papers, and the results of the impact assessments were mainly based 
on qualitative literature reviews, with no segmentation provided. In this context, a tem-
porary exemption regime from slow steaming could be proposed for certain vessel types 
and sizes serving SIDS and LDCs, but it should be emphasized that further research 
is needed since SIDS are not a homogeneous group and their specific characteristics 
should be considered.

The research effort found that most studies focused primarily on the economic impact 
of the use of speed reduction by ship owners, without a proper quantitative impact 
assessment of the other relevant supply chain actors. As several authors suggested dur-
ing the peer review, slow steaming is an important measure that improves economic effi-
ciency and environmental sustainability, as it directly affects the amount of fuel used, 
which is directly proportional to fuel costs and emissions (Zanne et  al. 2013). How-
ever, the economic benefit gained by the ship owner from slow steaming is not equally 
distributed among the different actors of the global supply chain (Mander 2017). This 
suggests that while slow steaming will reduce operational costs, it will simultaneously 
lead to longer lead times in the supply chain and that alternative supply options should 
be considered to overcome this challenge. For many SIDS, LDCs and even developing 
countries, the demand for maritime transport is inelastic. In this sense, it is questionable 
whether any cost savings will ultimately be passed on to shippers and states and to what 
extent.
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Another assumption in most impact assessment studies is that overall transportation 
costs will decrease as a result of slow shipping and lower operating costs due to less fuel 
consumption (CEI 2019). However, speed reduction equates to less transportation work 
that may lead to the use of more or larger vessels (Lindstad et al. 2012). The impact of 
such a development on more air emissions, ports and overall logistics costs needs to be 
assessed, as a larger number of ships may lead to long waiting times at ports and higher 
inventory costs borne by shippers and states and inventory costs directly related to cargo 
value. This will make more sense for SIDS and LDCs that are geographically remote and 
lack good connectivity to key markets. In these states, logistics costs represent a signifi-
cant portion of total transportation costs, with much transshipment required for goods 
to reach their final destination.

Another important factor in the impact assessment of slow steaming is cargo type. 
Cargo may be time-sensitive due to the nature of its industries, such as perishable goods, 
high-value goods, or high turnover consumer goods (FMCG), is strongly affected by 
changes in transportation time and will seek the option that meets the cargo’s required 
delivery dates, which may lead to shifts to more carbon-intensive modes, such as air 
freight (Psaraftis and Kontovas 2010; APEC 2019; Psaraftis and Zis 2021). As highlighted 
in several studies, product characteristics and total transportation costs are important 
factors in the choice of transport mode; perishable, high-value products may prefer air 
transport over sea transport because the value of the product can absorb the typically 
higher air freight costs, and time-sensitive products, such as FMCG, are also more likely 
to choose air transport over sea transport to meet delivery deadlines in their supply 
chain. Perishable goods in particular can be very sensitive to speed reductions. Some 
authors suggested that the effect of reduced operating costs due to speed reductions 
should be examined in relation to the importance of transit time in trade goods. It is 
important to emphasize that transit time may be of secondary importance for bulk and 
simple industrial goods, but is critical for perishable goods (APEC 2019).

Conclusions
The IMO has adopted the EEXI and CII as short term measures for decarbonisation of 
the shipping industry and the relevant data gathering and reporting scheme is obligatory 
since January 2023. However, many existing ships do not comply with EEXI and, due to 
their age, cannot invest in other technologies to reduce air emissions. Given the current 
barrier, the application of slow steaming may be an propionate measure to meet EEXI 
and CII requirements.

This qualitative systematic literature review was carried out as part of the compre-
hensive impact assessment of the amendments to MARPOL Annex VI on the approved 
short-term measure to reduce the carbon intensity of international shipping as approved 
by MEPC 75. The aim of this literature review is to identify potential impacts of the 
approved short-term measure on States, including developing countries, in particu-
lar, LDCs and SIDS. This effort was focused on documents related to the technical and 
operational implementation of the approved short-term measure, and includes relevant 
literature identified therein, peer-reviewed articles in the open-literature, relevant grey 
literature documents (non-peer reviewed documents), and any documents identified 
by the Steering Committee and the IMO Secretariat. The approved short-term measure 
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defined a goal of carbon intensity reduction, rather than prescribing a means of achiev-
ing it. This literature review focussed mainly on speed reduction, on which there is 
ample material available, and which may be implemented with relative simplicity and 
negligible initial cost.

The analysis of the literature was carried out in the context of the short-term GHG 
reduction measure; it revealed a stark variation in the frequency with which the open lit-
erature treated the eight impact criteria. The majority of studies addressed the impact of 
slow-steaming on transport dependency and transport costs of speed reduction. A high 
number of studies considered cargo value and type when discussing potential impacts. 
An intermediate number of studies discussed cost-effectiveness, socio-economic pro-
gress and development, and geographic remoteness and connectivity to main markets. 
Only a few studies addressed the issues of food security and disaster response.

Slow steaming, as a means of complying with carbon intensity reductions in the short-
term, was also found by some peer-reviewed literature studies to represent a key meas-
ure that reduces greenhouse gas emissions at high economic efficiency since it directly 
affects the quantity of fuel used that is directly proportional to fuel costs and emissions. 
On the other hand, it was a salient feature of the literature related to speed reduction, 
that economic benefits gained by the ship-owner were not necessarily equally distrib-
uted among the different actors of the global supply chain. It was also suggested in the 
literature that although slow steaming may be expected to reduce operational costs, it 
will at the same time result in longer supply chain lead times resulting in the need to 
consider alternative supply sourcing options to overcome this challenge.

The literature showed that there are certain features of transport services connecting 
SIDS and LDCs to global markets that are unique such as costs and connectivity issues, 
transport dependency as well as disruptive events affecting the reliability of trans-
port and logistics services and need to be taken into consideration when assessing the 
impacts of proposed measures. Lack of a proper and up-to-date set of data and pertinent 
studies specifically focused on SIDS and LDCs, still constitutes a major shortcoming in 
order to perform a detailed and accurate impact assessment. Therefore, due to lack of 
data availability, most of the studies focussed on qualitative rather quantitative analysis.

Although slow steaming is expected to bring large economic and environmental ben-
efits to the states whose economy depends heavily on international seaborne transport, 
an holistic and transdisciplinary approach needs to be adopted for conducting a com-
prehensive impact assessment. In this direction, further research on this topic should 
ideally consider employing methodologies and approaches to deal with conflicting 
objectives under trade off environment, such as from a simple Cost/Benefit Analysis to 
more advanced Multiple Criteria Decision Making tools.
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