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Abstract

:

This paper aims to assess the direct economic impact on the maritime sector from its inclusion in the European Union-Emission Trading System (EU-ETS). The Monitoring, Reporting and Verification (MRV) data are analysed for the estimation of carbon dioxide (CO2) emissions within the European Economic Area (EEA). The economic impact assessment model used is scenario-based, and includes different price incentives, geographical coverage and emission allowances allocation methods. According to our findings, in case the emission allowances are fully auctioned or partially free allocated on the basis of a uniform benchmark, the increased costs would be disproportional among the maritime segments. Such a scheme would penalise Roll-on/Roll-off (RoRo) and Roll-On/Roll-Off/Passenger (RoPax) segments due their high fuel consumption per transport work in relation to oil tankers and bulkers. The establishment of differentiated benchmarks per segment seems to be a prerequisite for the effective inclusion of shipping in the EU-ETS that will reward energy efficient vessels in each segment and avoid competition distortion within the maritime industry.
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1. Introduction


Despite its good energy performance in comparison with other modes of transport, shipping’s contribution to global carbon dioxide (CO2) emissions is around 2.2% with overall shipping CO2 emissions predicted to increase by 50–250% by 2050, if no effective mitigation measures are adopted [1]. This has resulted in the adoption and implementation of various initiatives over the years that aim to reverse this trend from actors and stakeholders involved in maritime transport operations, ranging from international and regional institutions (with the cases of International Maritime Organisation (IMO) and the European Union (EU) clearly standing out), port authorities, shipping companies, and major shippers that wish to improve the carbon footprint of their supply chains [2,3]. These initiatives include both technical and operational measures that aim to improve the energy performance of vessels and contribute significantly to the reduction of CO2 emissions, with the mandatory implementation of two of them—the Energy Efficiency Design Index (EEDI) and the Ship Energy Efficiency Management Plan (SEEMP)—for all vessels over 400 gross tonnage since January 2013 [4].



Due to the fact that CO2 emissions from shipping continue to increase, despite the implementation of the various global, regional and local initiatives, in April 2018 the Initial Greenhouse Gas (GHG) Strategy for the reduction of GHG emissions from international shipping was adopted by the IMO; a strategy that calls for urgent action for the abatement of maritime GHG emissions that need to be reduced by at least 50% by 2050, compared to 2008 and phased out entirely in the long run [5]. This IMO strategy consists of short-, mid- and long-term measures that could enable the maritime sector to achieve this ambitious target and align itself with the goals of the Paris Agreement that seek to maintain the global temperature increase in this century to well below 2 °C above pre-industrial levels and limit this increase, even further, to 1.5 °C [6]. Among the long-term measures of the IMO strategy lie the market-based measures (MBMs) that encompass, among others, a global levy on marine bunkers or a global emission trading scheme.



According to the existing literature, market-based measures (MBMs) can encourage and motivate investments in energy efficiency technologies and the deployment of alternative fuels, and, in this sense, contribute to the abatement of greenhouse gas (GHG) emissions from shipping [7,8,9,10,11]. The adoption of a global MBM for the maritime industry, though, is quite complex and time-consuming given the need for consensus and reconciliation of the different interests and approaches among the developing and developed countries in the IMO. In the IMO strategy, MBMs are classified by the Marine Environment Protection Committee (MEPC) as long-term measures, expected to be adopted beyond 2030, mainly due to the associated long-term negotiations among IMO Member States [5].



In the face of the challenges to introduce a global MBM to address GHG emissions from international shipping, regional policies have come along. At European level, the EU Directive 2018/410 [12] highlights the need to take immediate action for the abatement of GHG emissions from shipping either at regional level by EU or globally by the IMO. In late 2019, the European Green Deal was released targeting the climate neutrality in Europe till 2030 [13]. Among other initiatives, the European Commission (EC) proposes the extension of the EU-ETS to cover CO2 emissions from the maritime sector. According to the EC, this extension is planned to be discussed in July 2021 as part of a general review of the EU-ETS [14,15].



This paper aims to assess the potential direct economic impacts on the maritime sector from its inclusion in the EU-ETS and highlight the differentiated impact from such a development on different maritime segments. The data used for the economic impact assessment come from the EU Monitoring, Reporting, Verification (MRV) system that entered into force in 2018 and will most probably serve as the basis for the inclusion of the maritime sector in the EU-ETS [16]. To the best of our knowledge no existing literature has assessed the economic impacts of an emission trading scheme for maritime transport using these data that were reported for the first time in 2019 and this constitutes the main novelty of this paper.



Our economic impact assessment model will be scenario-based, and include different price incentives, geographical scope of the system and emission allowances allocation methods, since the design features of the potential inclusion of maritime transport GHG emissions in the EU-ETS remain unclear for the moment. In this sense, a sensitivity analysis will be used to assess the impact of these design options on different maritime segments. Existing literature focuses on the design characteristics of an emission trading system for shipping and the potential environmental and economic impacts from its implementation on the whole maritime sector; there is, though, limited research on the differentiated impact that such a system could have among different maritime segments, supposing due to lack of data on ships’ average energy efficiency [17]. Given the fundamental technical and operational differences among vessel categories, the economic impact of the inclusion of shipping in the EU-ETS needs to be analysed per maritime segment and it is exactly this gap that our study aims to fill.



The remaining of this paper is structured as follows. First, the concept of MBMs and their potential for the abatement of GHG emissions from the maritime sector is introduced. Existing literature on the inclusion of shipping in the EU-ETS will also be reviewed in Section 2. Section 3 explains the methodology and data that will be used in our analysis. Our results are presented in Section 4 mapping the direct additional costs for each segment and highlighting the importance of certain design options for the effective implementation of this scheme. In the discussion (Section 5), our findings are analysed in relation to the existing literature. Based on these results, our main conclusions are drawn with policy recommendations towards the effective extension of the EU-ETS to include shipping; an extension that needs to take into account the large differentiations among the maritime segments and reward energy-efficient vessels in each category without penalising certain segments and causing competition distortion among different markets.




2. Background


2.1. Market-Based Measures (MBMs) and Abatement of GHG Emissions from Shipping


There is a wide range of climate policy instruments that have been developed over the years for the abatement of GHG emissions from industrial sectors and have come to the forefront of climate regulations under the international climate change conventions, with the Paris Agreement being the latest and most binding agreement under the United Nations Framework Convention on Climate Change [6]. In addition to the traditional ‘command and control’ regulations that set absolute targets on GHG emissions and have been adopted in various industrial sectors, MBMs have also been considered and successfully implemented for addressing environmental and climate challenges [18,19]. Although the objective of both policy instruments is the same, their approach varies widely, with ‘command and control’ regulations setting binding limits to emissions, while MBMs ‘integrate’ the external cost of GHG emissions into the production cost of services and at the same time reward technological innovations and operational advances that reduce energy consumption and GHG emissions [20,21,22]. MBMs include economic mechanisms, such as levies, subsidies, fees, emission trading schemes, and their suitability and successful implementation depends on the particular features of the industrial sector of application [23,24,25,26,27,28].



Due to the global nature of international shipping and the difficulty to allocate GHG emissions among countries, the abatement of maritime GHG emission is not included in any international climate change regime and the IMO is considered as the most appropriate organisation to address this challenge [29,30,31,32]. In this context, technical and operational measures for the abatement of GHG emissions from ships—the Energy Efficiency Design Index (EEDI) and the Ship Energy Efficiency Management Plan (SEEMP)—were added in Annex VI of the International Convention for the Prevention of Pollution from Ships (MARPOL 73/78) in 2011 to include that have become mandatory for all vessels over 400 GT since January 2013 [4]. The Marine Environment Protection Committee (MEPC) of the IMO also proceeded with the introduction of a global data collection system for CO2 emissions from shipping in 2016 that is compulsory for all vessels of 5000 gross tonnage and above and requires them to collect data on the consumption of each type of fuel they use as well as data on their transport work [33].



Besides these ‘command and control’ regulations, the MEPC has also considered the adoption of MBMs that could complement technical and operational measures, provide economic incentives and reward investments in innovative technologies, shift to alternative fuels and energy sources, improved operational energy performance of vessels. Although MBMs had already started being discussed since the First IMO GHG Study in 2000, the lack of consensus among different IMO Members and the complex negotiations have postponed the adoption of a global MBM for the shipping industry that is not yet likely to take place in the near future. In 2010, the MEPC invited IMO Member States to submit their proposals on MBMs that could be introduced in the maritime sector. Ten proposals were submitted that could be grouped into two main categories: emission trading schemes and global levies on marine bunkers [8,34]. A feasibility study and impact assessment of these MBMs was then commissioned by the MEPC to facilitate the process for the introduction of a MBM [35]. Finally, though, there was no progress and the discussion was postponed for the future. Even in the most recent Initial IMO strategy for the reduction of GHG emission from ships, MBMs are among the long-term measures and assumed to be finalised and agreed upon by the MEPC beyond 2030, mainly due to the associated long-term and difficult negotiations among IMO Member States [5].



Global Emission Trading Schemes (ETS), as appropriate MBMs for the abatement of GHG emissions from international shipping, were proposed at MEPC by Norway, UK and France [36]. Under these ETS, a cap on net maritime emissions would be set and all ships over a certain deadweight engaged in global trade would need to surrender emission allowances that correspond to their emissions. The revenues from the auctioned emission allowances would then be used to establish a fund that would promote climate adaptation and mitigation within the maritime sector through research and development of green technologies and technical support to least developed and developing countries for the introduction of these technologies.



The adoption and effectiveness of an ETS for international shipping has been supported by [10,37] due to its potential to reconciliate the principle of the UNFCCC on ‘common but differentiated responsibilities’ among countries [38] and the ‘equal and no more favourable treatment’ principle of the IMO that suggests that all legislations and regulations apply to all ships irrespective of their flag or nationality. By setting a global cap on maritime emissions, all ships would need to surrender adequate allowances for their emissions, which is in line with the IMO principle; the establishment of the fund from these revenues, though, providing assistance to developing countries for climate mitigation and adaptation corresponds to the UNFCCC principle. In addition, there is experience from a number of successful emission trading schemes applied in other sectors that have managed to reduce GHG emissions and air pollutants significantly, such as the Regional Clean Air Incentives Market (RECLAIM) program for the abatement of SOx emissions in California and the EU-ETS [39,40,41].




2.2. Inclusion of Shipping in the EU-ETS


The initial discussion towards the extension of the EU-ETS to include maritime transports can be found 14 years ago, in April 2007, with the EC stating its willingness to include the shipping industry in the EU-ETS, recognising at the same time the practical challenges from such an initiative, especially in relation to the geographical scope and the emission allowances allocation method [39]. A relevant proposal from the EC in 2011 was the result of not including maritime GHG emissions in any international climate agreement under the UNFCCC. Inclusion of shipping in the EU-ETS was also supported by [42] that considered this development as ‘a legally and technically feasible option’, especially in case a global policy on shipping GHG emissions cannot be adopted by the IMO or UNFCCC. In late 2019, the European Green Deal was released targeting the climate neutrality in Europe till 2020 [13]. Among other initiatives, the EC proposes the extension of the EU-ETS to cover CO2 emissions from the maritime sector; an extension that is planned to be discussed in July 2021 as part of a general review of the EU-ETS.



The EU-ETS is a regional MBM that regulates GHG emissions from many industrial sectors located and operating in the countries of the European Economic Area (EEA), namely the forest industry, steel and metal industry, cement and stone, energy sector, refineries and aviation [43]. The EU-ETS sets a cap on total emissions of included sectors that can buy or sell emission allowances according to their ability to surrender the adequate allowances for their operations. Since its entry into force in 2005, the scope and allowances allocation methodology of the EU-ETS have been periodically revised and updated under certain trading periods. Aviation was included in the EU-ETS in 2012 (during the third trading period), as a semi-parallel system, mainly due to the different allocation methodology that is based on transport work (tonne-km) (Directive 2008/101/EC) [44]. During the first phase of the inclusion of aviation in the EU-ETS, 82% of emission allowances were allocated for free, a percentage that has been constantly reducing over the years. Given the similarities of the shipping and aviation sectors, it is reasonable to consider that a similar approach will be followed for the inclusion of shipping in the EU-ETS.



Economic Impact from the Inclusion of Shipping in the EU-ETS


The economic impact on the maritime sector from its inclusion in the EU-ETS is deeply influenced by the design elements of this system—namely its geographical scope, the price of the emission allowances and the allocation methodology. Ref. [45] provided an estimation of the direct costs for the aviation sector from its inclusion in the EU-ETS and concluded that, assuming the constant increase of the allowances prices, airline companies need to develop a long-term sustainability strategy to maintain their competitiveness through investments in clean technologies, including the use of alternative fuels and energy sources. According to [46], the situation is quite similar for the maritime sector, as an ‘open’ ETS, like the EU-ETS, offers flexibility on the choice of technical and operational measures that can improve the energy efficiency of vessels and decrease their energy consumption and at the same time provides the opportunity to ship operators to buy allowances from other sectors. The cost-effectiveness of the different abatement options for the reduction of CO2 emissions from shipping will rationally equal the emission allowance price, as ship operators will seek to minimise the additional cost from CO2 emissions [47,48].



The decisions of ship operators to invest in CO2 abatement technologies and reduce their emissions as a response to the inclusion of shipping in the EU-ETS—and the consequent environmental effectiveness of such a scheme–are also influenced by supplementary parameters other than the allowance price. Ref. [49] provides an evaluation of the effects of a European ETS for the abatement of GHG from shipping and highlights the importance of the geographical scope of such a scheme. The author emphasises the risk of competition distortion from the introduction of a regional ETS for shipping due to the increased operational cost for vessels operating or crossing EU territorial waters and suggests that a European ETS for shipping should include all emissions that arise from voyages to and from the EU ports. This is in line with the findings of [46] that the inclusion of all emissions from vessels traveling to and from the EU ports in a European ETS would increase the environmental effectiveness of the scheme and reduce carbon leakage.



Ref. [50] recently investigated the potential carbon leakage from the inclusion of shipping in the EU-ETS as it consists one of the main potential side effects from the adoption of this scheme. The study supports that carbon leakage will be limited even if total CO2 emissions from all voyages to and from the EU ports are included in the EU-ETS, as the additional costs for ship operators—including extra port costs, extra fuel costs, extra operational costs, remaining CO2 costs—will be minimal compared to the operational costs that an evasion from the EU ports would generate. More specifically, a price of 123 euros per ton of CO2 that equals the extra costs related to the evasion from the EU port calls could lead to potential carbon leakage, but this price is three to four times higher than the current price of CO2 emission allowances in the EU-ETS.



Another important parameter that needs to be considered in relation to extending the EU-ETS to include shipping is the heterogeneity of the maritime industry, composed of maritime segments that present large differentiations at their technical and operational features, the market structure and elasticity of demand. As mentioned by [37], the implementation of an ETS for the abatement of CO2 emissions from shipping will have a differential impact on the various maritime segments due to their distinct characteristics. The high elasticity of demand for short sea shipping services in comparison to deep sea segments, for example, could lead to a modal shift from sea to land-based modes of transport if the transport cost of these services would increase due to the additional cost of CO2 emissions for shipping [51]. The case is completely different for deep sea shipping where, in many cases, there are no alternatives to maritime transport.



Following these assumptions, ref. [17] analysed and quantified the economic impact of an ETS on the container and dry bulk shipping sector and found that the implementation of such a scheme would result in reduced operating speeds for vessels, decreased carrier outputs and less fuel consumed for both the container and dry bulk sectors. The authors pointed out that an ‘open’ ETS, like the EU-ETS, is expected to have a larger impact on the dry bulk sector that will need to surrender more emission allowances to reduce its emissions compared to the containerships and concluded that the adoption of an ETS for the maritime industry is particularly difficult due to the differential impacts on the various segments and the potential competition distortion among different markets.






3. Data and Method


With regards to the inclusion of shipping in the EU-ETS, the data used for the assessment of the direct economic impacts on the maritime sector, which is the aim of this paper, come from the EU MRV database. The MRV database is published on an annual basis by the European Maritime Safety Agency (EMSA) and provides valuable information on CO2 emissions from vessels operating within the EEA, including their fuel consumption, transport work and distance travelled [52]. It includes all ships larger than 5000 gross tonnage, regardless of flag, engaged in intra-EU voyages, incoming voyages from non-EU to EU ports and outgoing voyages from EU to non-EU ports. CO2 emissions of ships while at berth or moving between EU ports are also included in the database that covers about 90% of the shipping emissions in the EU [53]. As defined in the EU regulation 2015/757, certain types of ships are not included in the MRV database, namely dredging vessels, ice-breaking vessels, pipe laying or offshore installation activity vessels, warships, naval auxiliaries, fish-catching or fish-processing ships, wooden ships of a primitive build, ships not propelled by mechanical means or government ships used for non-commercial purposes. This public database was first published on the 1st July 2019 for the year 2018 and will probably form the basis for the inclusion of shipping in the EU-ETS according to European Commission [10,53].



The R package software [54,55] was utilized for the descriptive statistical analysis of the MRV data that provided input to our assessment of the direct costs for each maritime segment from the inclusion of shipping in the EU-ETS. For this study, we analysed the ships’ data for the year 2019 as these are the most recent data available in July 2020 (Supplementary Materials). The analysis is restricted to seven maritime segments, whose CO2 emissions account for 82% of the total emissions reported in the MRV system, namely containerships, oil tankers, bulkers, RoPax vessels, chemical tankers, general cargo carriers and RoRo vessels. This restriction is done mainly due to the fact that we will assess the direct costs for each maritime segment separately and included segments are the main contributors of CO2 emissions from shipping at EU level.



To the best of our knowledge no existing literature has assessed the economic impacts of an ETS for maritime transport using the MRV data that were reported for the first time in 2019 and this constitutes the main novelty of this paper in addition to the assessment of direct costs per maritime segment and not the shipping industry as a whole. Existing literature focuses on the design characteristics of an ETS for shipping and the potential environmental and economic impacts from its implementation on the whole maritime sector; there is, though, limited research on the differentiated impact that such a scheme could have among different maritime segments, supposing due to lack of data on ships’ average energy efficiency [17,37,51]. Given the fundamental technical and operational differences among vessel categories, the economic impact of the inclusion of shipping in the EU-ETS needs to be analysed per maritime segment and it is exactly this gap that our study aims to fill.



Our economic impact assessment model will be scenario-based, and include different price incentives, geographical scope of the system and emission allowances allocation methods, as the design features of the potential inclusion of maritime transport GHG emissions in the EU-ETS remain unclear for the moment. In this regard, a sensitivity analysis will be used to assess the impact of these design options on different maritime segments. According to [56], sensitivity analysis is ‘the study of how the uncertainty in the output of a model (numerical or otherwise) can be apportioned to different sources of uncertainty in the model input’ and, in our study, will assist at the identification of factors and parameters that play a significant role for the effective inclusion of shipping in the EU-ETS. More specifically, the sensitivity analysis will determine how independent variables (price incentives, geographical scope of the system and emission allowances allocation methods) of the inclusion of shipping in the EU-ETS can have an impact on the dependent variable (direct costs for the maritime sector). It will show how impactful different price incentives, geographical scope of the system and emission allowances allocation methods are to cost increases for the shipping industry and how sensitive these costs are to different scenarios.




4. Results


4.1. Analysis of the MRV Data


The statistical analysis of the MRV data provided valuable insight on the energy efficiency and CO2 emissions per maritime segment included in the database and focused on three main parameters: (a) CO2 emissions per maritime segment for all incoming voyages from non-EU to EU ports and outgoing voyages from EU to non-EU ports, (b) CO2 emissions per segment only for internal EU voyages and (c) CO2 emissions per transport work for each segment.



The input from the analysis of these data will serve as a basis for our sensitivity analysis on the direct costs from the inclusion of shipping in the EU-ETS on each maritime segment. The data on CO2 emissions per maritime segment for all incoming voyages from non-EU to EU ports and outgoing voyages from EU to non-EU ports will highlight the segments that are the main contributors of shipping CO2 emissions. The comparison of this data to CO2 emissions per segment only for internal EU voyages will assist in the identification of the segments that are most likely to be affected by a regional MBM, such as the EU-ETS. Finally, assuming that allowances allocation methodology for the maritime sector will be similar to aviation and based on transport work (tonne-km), the data on the CO2 emissions per transport work for each segment will be used for the setting of the benchmark on the basis of a percentage of emission allowances which will be allocated for free, at least at the initial phase of the scheme, following the example of aviation.



Figure 1 presents CO2 emissions per maritime segment under different scenarios concerning the geographical scope of the scheme based on the descriptive statistical analysis of the MRV data with the use of the R software. The three scenarios were chosen on the basis of the different geographical scopes considered by the EC in its communication, released in 2020, concerning the available policy options to achieve Europe’s 2030 climate ambition on climate neutrality [57], and they include emissions from (a) all incoming voyages from non-EU to EU ports and outgoing voyages from EU to non-EU ports (total emissions), (b) all internal EU voyages and 50% of incoming voyages from non-EU to EU ports and outgoing voyages from EU to non-EU ports (emissions within EEA and 50% of the remaining emissions) and (c) only internal EU voyages (emissions within EEA). The geographical scope consists a particularly important parameter for the amount of CO2 emissions from deep sea segments (containerships, oil tankers, bulkers, general cargo carriers), while CO2 emissions are more or less the same for short sea shipping segments (RoRo and RoPax vessels), irrespective of the geographical scope of the system. While containerships, oil tankers and bulkers are the three main polluting maritime segments when all incoming voyages from non-EU to EU ports and outgoing voyages from EU to non-EU ports are considered, RoPax vessels turn out to be the main polluting sector for only internal EU voyages.



Coming to the CO2 emissions per transport work for each maritime segment that will potentially form the basis for the benchmark for the free allocation of a certain percentage of emission allowances, the results from the analysis of the MRV data are presented in Figure 2. It is worthwhile to mention here that during the statistical analysis, a number of outliers (including extreme values and mistakes) on CO2 emissions per transport work were detected for all maritime segments. These outliers were removed from the dataset with the use of the percentiles technique in the R software, as they consisted of both impossible and unlikely data and no sound conclusions could be drawn without their removal (Supplementary Materials). According to our findings, bulkers are the most energy efficient segment, emitting 8.5 gCO2/tonne-NM, followed by oil tankers, containerships and general cargo carriers. As expected, CO2 emissions per transport work are particularly high for the RoRo shipping segment, accounting for 106.2 gCO2/tonne-NM, due to the low load factor of this sector [58,59].




4.2. Economic Impact Assessment for Different Maritime Segments


The case of including shipping in the EU-ETS is similar to aviation, with the emission allocation methodology based on transport work, but much more complicated, given the technical and operational differences among maritime segments. The economic impact from the inclusion of shipping in the EU-ETS varies largely depending on the geographical scope of the system, the price of emission allowances and the percentage of allowances free-allocated to each maritime segment. Given the fact that up to now, there is no official proposal on how the inclusion of shipping in the EU-ETS will be realised, different design options and policy scenarios are analysed in our assessment of potential economic impacts on different maritime segments. These assumptions concern the geographical scope of the system, the price of emission allowances and the allowances allocation methodology based on the existing literature.



	
Geographical scope of the system. Include (a) only internal EU voyages, (b) all incoming voyages from non-EU to EU ports and outgoing voyages from EU to non-EU ports, (c) all internal EU voyages and 50% of incoming voyages from non-EU to EU ports and outgoing voyages from EU to non-EU ports. All three assumptions are made on the basis of the different geographical scopes considered by the European Commission in its communication, released in 2020, concerning the available policy options to achieve Europe’s 2030 climate ambition on climate neutrality [57].



	
Price of emission allowance units. The price of emission allowances has been around EUR 25 during the year 2019 with a sharp drop to 15 EUR on 23 March 2020 due to the Coronavirus crisis and has come up to 35 EUR on 9 January 2021. Given the target of the European Green Deal for net zero emissions in the EU before 2050, the emission allowances price can be expected to increase till 2050 reaching or approaching the cost of carbon capture and storage, somewhere between EUR 60 and 90 per tonne [60]. In this study, we assume two different scenarios of emission allowance price: 35 and 70, considering the short-term horizon of the inclusion of shipping in the EU-ETS.



	
Emission allowances allocation method. Two scenarios are analysed in relation to the allocation of emission allowances: (a) full auctioning (100%) and (b) auctioning of 15% of the allowances with 85% free-allocated. The assumptions are based on the previous experience with the inclusion of aviation in the EU-ETS; during the first phase of this inclusion, 82% of the allowances for the aviation sector were free-allocated. Considering, also, the need for urgent action to achieve climate neutrality in Europe and the call of the EC for reduced free-allocated allowances in the EU-ETS, we assume 85% of emission allowances for the maritime sector to be allocated for free during the first phase of this scheme.






The additional cost of emission allowances (C) is a function of the amount of emissions included in the EU-ETS (e), the price of the allowances (p) and the amount of free-allocated emissions allowances (q):


Cs = (ei − qj)*py



(1)




where Cs is the additional cost of emission allowances (expressed in MEUR) with s representing the different maritime segments, ei is the amount of emissions included in the scheme (expressed in Mtonnes) with i ranging from all incoming and outgoing voyages from/to an EU port to only intra-EU voyages, qj is the amount of free-allocated emissions (expressed in Mtonnes) with j ranging from 0 to 85% of emission allowances free-allocated and py is the price of allowances (expressed in EUR) with y ranging from 35 to 70.



Our initial assessment of the direct economic impact on the maritime sector from its inclusion in the EU-ETS is provided in Table 1, considering the various scenario options and assuming no abatement measures are taken. The overall emissions from shipping, included in the EU MRV system, for the year 2019 accounted for 145 Mtonne CO2, while one third of these emissions (48 Mtonne CO2) came from intra-European voyages. As can be seen in Table 1, the additional economic cost varies widely depending on the amount of emission allowances that will be included in the EU-ETS, the percentage of allowances that will be free-allocated and the price of the allowances. The additional cost ranges from around 5 to 10.1 billion EUR, in case of full-auctioning and assuming the inclusion of all incoming and outgoing voyages from/to an EU port (Scenario A). If only emissions from intra-European voyages are included in the scheme (Scenario B), the total cost for the maritime sector lies between 1.7 to 3.4 billion EUR, depending on the allowance price (from 35 to 70 EUR).



The cost increase for the maritime sector from its inclusion in the EU-ETS differs widely among the various maritime segments depending on the geographical scope of the scheme and the allowances allocation method. Assuming that all allowances are auctioned and CO2 emissions from all incoming and outgoing voyages from/to an EU port are included, the container sector seems to be mostly affected by the additional CO2 cost (with a cost increase ranging from 1.5 to 3.1 billion euros, according to the allowance unit price, which is expected due to the increased CO2 emissions from this sector). Oil tankers and bulkers are the second and third sectors most affected by the additional CO2 cost, RoPax vessels come at the fourth place, while RoRo vessels and general cargo carriers are the least affected sectors, with a cost increase of less than half billion euros even in the case of an allowance unit price of EUR70 (Figure 3).



The economic impact from the inclusion of shipping in the EU-ETS remains similar if we assume the inclusion of all internal EU voyages and 50% of incoming and outgoing voyages from/to an EU port. The cost increase is by far the highest for the container sector, with the RoPax vessels coming in second place and facing a cost increase that ranges from 507 million to 1 billion euros (Figure 4). The situation is completely different assuming the inclusion of only intra EU voyages in the EU-ETS due to the larger impact on the short sea segments, the RoRo and RoPax vessels. The RoPax segment is the most affected sector in this scenario with a cost increase that reaches up to 994 million euros in relation to the containerships that face a cost increase of up to 812 million euros. RoRo vessels come at the third place with a cost increase that ranges from 147 to 294 million euros (Figure 5). The CO2 emissions and the consequent cost increase for the RoRo and RoPax sectors are not influenced by the geographical scope of the scheme as they operate within the EEA in contrast to the deep sea segments that are engaged in distant voyages and operations within the EEA consist only the first/last leg of their voyage.



The allowances allocation method is another crucial parameter that determines the cost increase from the inclusion of shipping in the EU-ETS for the different segments. Assuming that 15% of the allowances are auctioned and the remaining are allocated for free in the initial phase of the scheme (as is the current case for aviation), the cost increase for the maritime industry and the different segments will be calculated on the basis of a benchmark that depends on the CO2 emissions per transport work (ton-NM). Following the example of aviation, the benchmark equals to the total amount of free allowances divided by the sum of transport work. In our scenario, free-allocated allowances account for 85% of total CO2 emissions:


b = (85%*ei)/t



(2)




where b is the benchmark (expressed in Mtonnes/ton-NM), ei is the amount of emissions included in the scheme (expressed in Mtonnes) with i ranging from all incoming and outgoing voyages from/to an EU port to only intra-EU voyages and t is the transport work (expressed in ton-NM).



Coming to:


Cs = (ei − qj)*py



(3)







In case of full-auctioning:


qj = 0 and Cs = ei*py



(4)







In case of free-allocating 85% of emission allowances:


qj = b*t and Cs = (ei − (b*t))*py



(5)







This benchmark will potentially differ among segments to avoid competition distortion as certain vessel types (e.g., bulkers) are more energy efficient than others (e.g., RoRo vessels) due to their technical and operational characteristics. The energy efficiency of the vessels is also influenced by their size as smaller vessels are usually less energy efficient than larger ones, but our analysis is limited to maritime segments.



In case a uniform benchmark is set for all vessels under the MRV scope for the free allocation of 85% of the emission allowances, the impact on the various segments will differ widely (Table 2). The bulkers and oil tankers would be favoured with a surplus of 8.8 and 7.5 million ton free-allocated emissions respectively, while RoRo shipping would be penalised with only 0.8 million tonne emissions free-allocated in total. The establishment of differentiated benchmarks for each segment seems the most effective allocation method that will reward the most energy efficient vessels in each category and promote investments in the maritime sector. While the uniform benchmark equals to the total amount of free allowances for the whole maritime sector divided by the sum of transport work, the differentiated benchmarks per segment are calculated considering the percentage of free-allocated allowances and the transport work of each segment. In our scenario, differentiated benchmarks are calculated:


bs = (85%*es,i)/ts



(6)




where bs is the benchmark for each segment (expressed in Mtonnes/ton-NM) with s representing bulkers, containerships, oil tankers, chemical tankers, RoRo vessels and general cargo carriers, es,i is the amount of emissions included in the scheme (expressed in Mtonnes) with s representing the various segments and i ranging from all incoming and outgoing voyages from/to an EU port to only intra-EU voyages and ts is the transport work per segment (expressed in ton-NM).



Assuming that 15% of allowances are auctioned and the remaining were allocated for free based on a uniform or differentiated benchmark for each segment, the direct costs for the included maritime sector would range from around EUR 761 million to 1.52 billion if all incoming and outgoing voyages from/to an EU port are included in the scheme. The cost increase for each segment, though, depends largely on the established benchmark (Figure 6). A uniform benchmark would be extremely beneficial for bulkers and oil tankers that would not face any cost increase; in contrast a surplus of emission allowances would be allocated to both sector (ranging from 248 to 497 million euros for the bulk sector and 262 to 525 million euros for tankers) corresponding to the increased energy efficiency of the segment in comparison to the others. In contrast, the cost increase would penalise less energy efficient segments, like RoRo vessels and general cargo carriers. RoRo vessels would face a cost increase up to 364 million euros although the total CO2 emissions from their operations are by far lower than containerships, oil tankers and bulkers. In case differentiated benchmarks for each maritime segment were set on the basis of their CO2 emissions per transport work, the most energy efficient vessels per segment would be rewarded avoiding competition distortion among segments. The economic impact per maritime segment, assuming the free allocation of 85% of allowances on the basis of a uniform or differentiated benchmark for each segment, would be similar if all internal EU voyages and 50% of incoming and outgoing voyages from/to an EU port are included in the scheme (Figure 7).



In case only intra EU voyages are included in the EU-ETS and 85% of emission allowances were free-allocated on the basis of a uniform benchmark, the cost increase for the deep sea segments (containerships, oil tankers and bunkers) would be negative as surplus allowances would be allocated in these segments in relation to their transport work. The surplus allowances for containerships would range from 5 to 11 million euros, for oil tankers from 22 to 45 million euros, while bulkers would acquire the larger amount of surplus allowances that would reach up to 128 million euros. The economic impact from the establishment of a uniform benchmark would remain, though, extremely high for the RoRo segment that would face a cost increase up to 262 million euros (Figure 8).



Our results suggest that shipping companies will be directly affected from the inclusion of shipping in the EU-ETS, as their operational costs will increase by the additional CO2 cost in terms of acquiring adequate emission allowances for their operations. As Faber et al. (2009) [46] suggest, the additional cost of emission allowances will incentivise investments in clean technologies and fuels, only when the shipping companies cannot pass on this cost to the shippers; when the demand exceeds the supply of shipping services and freight rates are not determined by the marginal operational costs of the shipping companies, but the marginal benefits of the shippers. In the opposite case, the increased freight rates due to the additional CO2 cost can affect the demand for shipping services, especially the short sea shipping segments that face competition from other transport modes and have high elasticity of demand.





5. Discussion


The proposal from the European Commission to extend the EU-ETS to include shipping has been the result of not including maritime GHG emissions in any international climate agreement under the UNFCCC, neither reaching an agreement for adopting a MBM for the reduction of GHG emissions at global level. As suggested by Winebrake and Corbett [27], the suitability and successful implementation of any economic mechanism, in our case an emission trading scheme, depends on the particular features of the industrial sector of application. The suitability of an ETS for international shipping has been supported by Shi and Miola et al. [10,37]. They both argued that such a scheme would enable the reconciliation of the UNFCCC ‘common but differentiated responsibilities’ principle and the IMO ‘equal and no more favourable treatment’ principle, as all ships would need to surrender adequate allowances for their emissions, but at the same time the revenues would be channeled through an established fund to developing countries for climate mitigation and adaptation.



The practical challenges for the extension of the EU-ETS to include the shipping industry identified by Kågeson et al. [39], especially in relation to the geographical scope and the emission allowances allocation method, are verified in our study, especially if the heterogeneity of the maritime sector is taken into account. The importance of the geographical scope of a European ETS for the abatement of GHG from shipping highlighted by Hermeling et al. [49] is consistent with our findings. A European ETS for shipping should include all emissions that arise from voyages to and from the EU ports to minimise the risk of carbon leakage, and consequently, increase the environmental effectiveness of the scheme, as already supported by Faber et al. [46]. Our findings suggest that the geographical scope consists a particularly important parameter for deep sea segments (containerships, oil tankers, bulkers, chemical tankers, general cargo carriers), while the economic impact is more or less the same for short sea shipping segments (RoRo and RoPax vessels) irrespective of the geographical scope of the system. This finding is consistent with the fact that the RoRo and RoPax sectors mostly operate within the EEA in contrast to the deep sea segments that are engaged in distant voyages and operations within the EEA consist only the first/last leg of their voyage.



The findings of Wang et al. [17] and Miola et al. [37] that the implementation of a ETS for the abatement of maritime CO2 emissions will have differential impact on the various maritime segments due to their particular characteristics are supported from our results. The less energy-efficient maritime segments (such as RoRo and RoPax) would be penalised in contrast to bulk shipping that would be favoured should a uniform benchmark for the free-allocation of emissions allowances was introduced. As an effective climate policy for the abatement of CO2 emissions from the maritime sector should reward energy efficient shipping operations taking into account the technical and operational features of the various segments, differentiated benchmarks should be established for each segment to ensure their equal treatment and avoid competition distortion among them. Under such a scheme, the shipping companies would have additional incentives to improve their energy efficiency and invest in green technologies to equal the additional cost of emission allowances as suggested by Eide et al. [61]. Given that the EU aims to achieve climate neutrality in Europe till 2050 and assuming a constant increase of the allowances prices, a long-term sustainability strategy needs to be adopted by the shipping companies to enhance their competitiveness following the paradigm of aviation, as suggested by Meleo et al. [45].




6. Conclusions


Throughout this study, we attempted to assess the potential direct costs for the maritime sector from its inclusion in the EU-ETS and highlight the differentiated impact from such a development on different maritime segments by evaluating the impact of different design options. A descriptive statistical analysis of the MRV database was conducted for the estimation of total and average CO2 emissions per maritime segment within the EEA, as this database will probably consist the basis for the inclusion of shipping in the EU-ETS. A sensitivity analysis was employed to analyse the economic impact on the maritime sector under different scenarios in relation to the geographical scope of the scheme, the emission allowance price and the allowances allocation methodology.



According to our findings, in case the emission allowances were fully auctioned or partially free allocated on the basis of a uniform benchmark, the increased costs would be disproportional among the maritime segments. Such a scheme would penalise RoRo and RoPax segments due their high fuel consumption per transport work as the allowances would be allocated in relation to fuel type and consumption. Another implication for these segments comes from their high elasticity of demand and their competition with other transport modes; increased freight rates for these segments could result in a modal shift from sea to land-based modes of transport. The establishment of differentiated benchmarks for the allocation of emission allowances per segment seems to be a prerequisite for the effective inclusion of shipping in the EU-ETS that will reward energy efficient vessels in each segment and avoid competition distortion within the maritime industry. Under such a scenario, the ship operators would have additional incentives to invest in energy-efficient technical and operational measures and alternative or renewable fuels due to the potential generated profits from their surplus emission allowances.



Given the fact that the discussion of the European Commission (EC) on the extension of the EU-ETS to cover CO2 emissions from the maritime sector is planned for July 2021 and the design features of the potential inclusion of maritime transport GHG emissions in the EU-ETS remain unclear for the moment, our results bring valuable insights on the impact of different design options on the shipping sector as a whole, but also on different maritime segments. In this way, our findings can provide significant inputs to relevant policy-makers and contribute to the upcoming decision-making process. Price incentive, geographical scope of the system and emission allowances allocation method are parameters identified to play a significant role for the effective inclusion of shipping in the EU-ETS, being, at the same time, impactful to cost increases for the maritime industry.



A major limitation of this research is that it does not take into account the size of the vessels that is another determinant factor of their energy efficiency irrespective of their vessel category. Larger vessels are more energy efficient than smaller ones and the adoption of a uniform benchmark for the free allocation of emission allowances would penalize smaller vessels in favour of the larger ones in all segments.



Future research needs to be conducted in relation to the potential response of the maritime stakeholders to the additional cost from the inclusion of shipping in the EU-ETS. Qualitative analysis including in-depth interviews with shipping companies could provide additional input and shed light on the practices and overall strategies of individual maritime actors to respond to this challenge and manage the upcoming effects. Another parameter that needs to be further investigated is the potential for a modal shift from short sea shipping to land-based modes of transport due to the increased transport cost of these services from the inclusion of the CO2 emissions cost. Short sea shipping segments have high elasticity of demand and face strong competition from other transport modes and the modal split implications from their increased cost needs to be further examined, as this would lead to undesirable effects in relation to the overall EU transport strategies.
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Figure 1. CO2 emissions per maritime segment (Mtonnes). Source: Created by the authors. 






Figure 1. CO2 emissions per maritime segment (Mtonnes). Source: Created by the authors.



[image: Energies 14 03915 g001]







[image: Energies 14 03915 g002 550] 





Figure 2. CO2 emissions per transport work (gCO2/tonne-NM). Source: Created by the authors. 






Figure 2. CO2 emissions per transport work (gCO2/tonne-NM). Source: Created by the authors.



[image: Energies 14 03915 g002]







[image: Energies 14 03915 g003 550] 





Figure 3. Cost increase per maritime segment assuming the inclusion of all incoming and outgoing voyages from/to an EU port, expressed in MEUR (full auctioning). Source: Created by the authors. 
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Figure 4. Cost increase per maritime segment assuming the inclusion of all internal EU voyages and 50% of incoming and outgoing voyages from/to an EU port, expressed in MEUR. Source: Created by the authors. 
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Figure 5. Cost increase per maritime segment assuming the inclusion of only internal EU voyages, expressed in MEUR. Source: Created by the authors. 
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Figure 6. Cost increase per maritime segment assuming a uniform/differentiated benchmark and the inclusion of all incoming and outgoing voyages from/to an EU port, expressed in MEUR. Source: Created by the authors. 
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Figure 7. Cost increase per maritime segment assuming a uniform/differentiated benchmark and the inclusion of all internal EU voyages and 50% of incoming and outgoing voyages from/to an EU port, expressed in MEUR. Source: Created by the authors. 






Figure 7. Cost increase per maritime segment assuming a uniform/differentiated benchmark and the inclusion of all internal EU voyages and 50% of incoming and outgoing voyages from/to an EU port, expressed in MEUR. Source: Created by the authors.



[image: Energies 14 03915 g007]







[image: Energies 14 03915 g008 550] 





Figure 8. Cost increase per maritime segment assuming a uniform/differentiated benchmark and the inclusion of only internal EU voyages, expressed in MEUR. Source: Created by the authors. 
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Table 1. Cost increase for maritime sector assuming 100% auctioning, expressed in MEUR.






Table 1. Cost increase for maritime sector assuming 100% auctioning, expressed in MEUR.





	Emission Allowance Unit Price
	Scenario A
	Scenario B
	Scenario C





	EUR 35
	5075
	1680
	3381



	EUR 70
	10,150
	3360
	6762







Source: Created by the authors.
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Table 2. CO2 emissions free-allocated on the basis of a uniform/differentiated benchmarks for all maritime segments (Mtonnes).
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	Ship Type
	Total Emissions
	Free- Allocated Emissions (Uniform Benchmark)
	Free- Allocated Emissions (Differentiated Benchmarks)





	Containerships
	44.3
	24.7
	37.8



	Oil tankers
	20
	27.5
	17.2



	Bulkers
	16.9
	25.7
	14.4



	Chemical tankers
	9.6
	6.5
	7.8



	General cargo carriers
	6.4
	2.7
	5.4



	RoRo vessels
	6.2
	0.8
	4.9







Source: Created by the authors.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
1000
00

00

-
WII
T

Continershis ol Chemical  Generalcargo  Rofo vessels
200 ankers cariers
400
&0
Uniform benchmark EUR3S = Difereniated benchmrk EURS

= Uniform benchmark EUR70 mDifferentiated benchmark EUR7O





media/file4.png
Emissions per transport work (g CO2/tonne-NM)

T

m Containerships

= Qil tankers

= Bulkers

= Chemical tankers

m General cargo carriers

m RoRo vessels





nav.xhtml


  energies-14-03915


  
    		
      energies-14-03915
    


  




  





media/file16.png
300

250

200

150

100

50

o

-50

-100

-150

= B S
Containerships il talars IBuI

B Uniform benchmark EUR35
B Uniform benchmark EUR70

Chemical tankers General cargo RoRo vessels
carriers

m Differentiated benchmark EUR35
W Differentiated benchmark EUR70





media/file2.png
50
45
40
35
30
25
20
15
10

14.5
9.3
63 6.2 I 41 52
I-l

Total emissions

B Containerships

Bl Chemical tankers

Emissions within EEA and 50% of
the remaining emissions

@ Oil tankers @ Bulkers

B General cargo carriers B RoRo vessels

14.2

3 17 2.7 1.9
B I

Emissions within EEA

[0 RoPax vessels

4.2





media/file5.jpg
3500
3000
2500
2000
1500

10 /

500 é

0
EUR3S EUR70

——Containerships. il tankers ——Bulkers

——RoPax vessels e Chemical tankers = General cargo carriers

——RoRo vessels





media/file3.jpg
Emissions per transport work (g CO2/tonne-NM)

* Containerships
= Oiltankers

* Bulkers

* Chemical tankers

= General cargo carriers

= Rofo vessels






media/file1.jpg
s0
s
W
3
B
i
2

o

a3
5
2
199345 s
56 o3
.63; II i“ =

Total emissions

B Containerships

B Chemicaltankers

Emissions within EEA and 50% of
the remaining emisions

BOiltankers B8ulkers

‘BGeneralcargo carrers. @RoRo vessels

16

12

3 5727 1042
50 5 o e

Emissions within EEA

B RoPaxvessels





media/file7.jpg
2500

200
150
100
“‘“ ///
o —

——RoRo vessels





media/file10.png
1200

1000
800
600
400
200
0
EUR 35 EUR 70
e Containerships e Qi tankers e BUlkers
e RoPax vessels === Chemical tankers == General cargo carriers

e RORO vVessels





media/file12.png
1500

1000
500
Containerships il tagikers Bul Chemical tankers General cargo RoRo vessels
carriers
-500
-1000
M Uniform benchark EUR35 m Differentiated benchmarks EUR35

B Uniform benchark EUR70 B Differentiated benchmarks EUR70





media/file9.jpg
1200

w0
-
-
” e
o
anss ano
oo —otunkes s
ey oremernas | —emamanies

e RoRo vessels





media/file0.png





media/file14.png
1000

800

600

400

200 I I I

Containerships ul Chemical General cargo  RoRo vessels

2200 tankers carriers

-400

-600

B Uniform benchmark EUR35 W Differentiated benchmark EUR35

M Uniform benchmark EUR70 MW Differentiated benchmark EUR70





media/file8.png
2500

2000
1500
1000

500 /

0
EUR 35 EUR 70
e Containerships e Oil tankers e Bulkers
e ROPax vessels === Chemical tankers = General cargo carriers

e RORO Vessels





media/file11.jpg
1500

1000

500

Lol || "

= Uriform benchark EURS
= Uniform benchark EURTO

Chemicaltankers Generalcargo  RoRovessels

= Diferentisted benchmarks EUR3S
B Differenisted benchmarks EURTO





media/file6.png
3500

3000

2500

2000

1500

1000

500

\\

EUR 35 EUR 70

e Containerships e Ol tankers e Bulkers
e ROPax vessels e=ee Chemical tankers = General cargo carriers
e RORO vessels





media/file15.jpg
0

20

20

150

100

100

150

Contaiershps

Uniform benchmark EUR3S
B Uniform benchmark EURTO

i Chemicaltankers Generalcargo  RoRo vessels
carrers

= Differentiated benchmark EUR3S.
B Diffrentisted benchmark EURT0





