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Abstract

:

The European Union (EU), which has led international discussions on global warming, officially announced its plan for the Carbon Border Adjustment Mechanism (CBAM) in July 2021. Many existing studies have indicated the CBAM will curtail greenhouse gases, and will subsequently be positive in terms of reducing global warming. However, serious legal issues and trade disputes are expected in terms of the compatibility of the CBAM with the trade rules of the General Agreement on Tariffs and Trade (GATT). Contrary to the EU’s explanation, the international community has a strong view of CBAM as a new trade barrier under the guise of preventing global warming. Above all, this is because it is an arbitrary measure by the EU and not the one that has been internationally agreed upon. Therefore, this paper tries to identify the pitfalls and estimate the global cost of CBAM, arguing that the mechanism is not in line with international trade rules, and that many countries will not sit back and suffer from it. The world economy will inevitably face a vicious cycle of trade retaliation. The CBAM will drive up trade costs and cause another trade distortion. While the goal of preventing climate change is good, the CBAM scheme is too costly for the world economy.
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1. Introduction


Although international consensus in acknowledging and making efforts to prevent global warming has been established, it is difficult to reach an international agreement on practical measures to reduce greenhouse gases, because such an agreement could have an immense impact on international trade and national interests. The European Union (EU), which has led discussions on global warming, confirmed the implementation of the Carbon Border Adjustment Mechanism (CBAM) in July 2021, and subsequently publicized the carbon border tax for the international community. While countries certainly concur on the necessity for a sustainable development mechanism to reduce greenhouse gases, some have revolted against the CBAM. To circumvent such resistance, the EU says the CBAM is not a tariff, and that part of the carbon border tax will be allocated to supporting the development of energy technology. Despite this suggestion, it can surely be understood that the CBAM is means of imposing unilateral trade barriers on imports [1,2,3,4].



This paper researches and explains the effects from the CBAM implementation in a comprehensive and thorough manner. Many previous studies, including [5,6,7,8,9] and others, have failed to consider the side effects that the implementation of the CBAM will bring. As many studies have indicated, the effects of the CBAM will clearly curtail greenhouse gases, and will subsequently be positive in terms of reducing global warming. However, serious trade disputes and legal issues have been raised in terms of its compatibility with the current the General Agreement on Tariffs and Trade (GATT) and World Trade Organization (WTO) rules. The implementation of the CBAM could evoke trade conflicts and retaliation due to its imposition of new unilateral tariffs, which is incompatible with the GATT/WTO system [10,11,12,13,14,15].



Since the CBAM may not be compatible with GATT/WTO trade rules, international controversy is likely. This paper will (1) discuss the legal issues caused by unilateral CBAM implementation, and (2) estimate the global economic loss generated by subsequent trade retaliation. Furthermore, due to the Appellate Body crisis, the WTO dispute settlement system will work properly, which may ultimately impact the global trade environment to an extent worse than the double whammy losses from the U.S.–China conflict and the COVID-19 pandemic. Trade retaliation causes global supply chains to be reconfigured and reduces trade flows. As a consequence, the status of the WTO will inevitably be weakened owing to its limited role in dealing with trade disputes, as demonstrated in Figure 1. These factors are merely mentioned or described in previous studies, yet not much research has been done using a systematic approach. This paper seeks to focus on these issues from the perspective of GATT/WTO trade rules and by using an empirical simulation model.



Section 2 will review the previous literature on global warming, the CBAM, and other related issues. Section 3 will discuss how the CBAM will unavoidably be at the center of an international trade controversy in terms of the GATT and WTO. For the CBAM to function properly, it must be compatible with international trade rules. If this mechanism is promoted by the Biden administration in the U.S. (which rejoined the Paris Climate Accord in early 2021) under circumstances where many of its components are not in accordance with GATT/WTO rules, the potential risk of a series of trade conflicts is high.



Noting that the WTO Appellate Body stopped functioning at the end of 2019, the multilateral trade system that is supposed to preserve free and rules-based global trade may be at a crossroads if the CBAM conflict, which could severely impact global trade, is not resolved. In Section 4, this paper, for the first time, systematically estimates the impacts both of enforcing the CBAM and of possible trade retaliation by using a dynamic computational general equilibrium (CGE) model. Finally, Section 5 provides the conclusion, suggesting that enforcement of the unilateral carbon tax under CBAM could render the WTO even more helpless than it is now.




2. Literature Review


2.1. “Fit for 55” and the CBAM


Since the United Nations Conference on Environment and Development (the Earth Summit) held in Rio de Janeiro in 1992, the topic of climate change has become a global issue, and the world has been discussing ways to prevent climate disaster. Consequently, several specific measures were adopted: the UN Framework Convention on Climate Change (UNFCCC) in 1992, the Kyoto Protocol in 1997, and the Paris Agreement in 2015. More specifically, UN members must submit improved commitments of “2030 Nationally Determined Contributions (NDCs)” following the “2050 strategy of climate-neutrality”.



Since the beginning of the negotiations during the UNFCCC, EU members have been actively participating in discussions on preventing climate change. The view of EU policymakers and politicians is that climate change could serve as an opportunity to strengthen the EU’s global position and legitimacy [16,17,18].



The EU agreed on the European Green Deal in December 2019. It aims to build up Europe as the first climate-neutral continent by 2050, and its vision lies in protection of biodiversity, construction of a circular economy, and eradication of pollution, among other things. The deal aims to bolster the EU’s role in international discussions on the issues of climate and the environment. Taken overall, the European Green Deal strengthens the comprehensiveness and governance structure of climate policies, yet lacks consideration of global fairness and equity, as does the 2050 Climate Neutrality Target. Fit for 55, first introduced on 14 July 2021, is an upgraded version of the European Green Deal that adds implementation measures while maintaining the original structure. The legislation promises to reduce carbon emissions by 50~55% and claims to apply the CBAM to other countries [19].



Following [20], who put forward optimal policies to prevent trade distortion caused by cross-border externalities, Refs. [21,22,23] developed theories on environmental issues. In particular, Keen and Kotsogiann is showed that an accurate environmental trade adjustment is very complex, and an optimal set of environmental tariffs is a way of balancing foreign production and consumption behavior, which differs by region and items.



Since the CBAM proposal, many studies have been using dynamic CGE models, including [7,8,24,25,26,27,28], among others. Furthermore, many researchers are currently analyzing the country- and industry-wide impacts of the CBAM. For example, Bellora [7] evaluated the CBAM as means of reducing carbon emissions. Aichele and Feibermayr systematically analyzed the issue of carbon leakage, where businesses transfer production to other countries that have lax carbon emission constraints. Previous studies on the carbon border tax have generally found that imposing import tariffs on export items from countries with loose carbon emission regulations will change the production structure, and will be effective in reducing global carbon emissions and reducing carbon leakage [26,29,30,31].




2.2. Limitations of the CBAM


Considerable research has been published on the limitations of the CBAM. Studies have suggested that there are many requirements for CBAM to be effective. For example, Refs. [32,33] pointed out that export subsidies on sectors with high carbon emissions must be abolished to realize the effects of the carbon border tax. Also, other problems regarding the CBAM have been raised. When the data on carbon emissions becomes merged with international trade law, optimistic reduction effects could be realized [33,34]. Furthermore, regulations on export subsidies and Emission Trading System (ETS) free allowance allocations must be included to fully realize the effect of the carbon border tax [33,35]. At the WTO Committee on Trade and Environment (CTE) meeting in March 2021, the lack of transparency in the CBAM and how it could potentially distort trade were pointed out [3]. Refs. [2,4] viewed the CBAM as being akin to new trade barriers.



In the process of promoting a carbon-free economy, Lowe [36] also pointed out that the CBAM may further increase the gap between developed countries and developing countries. Eicke [37] claimed that the risks to trade-related policies are growing for underdeveloped economies, since they have relatively less accessibility to low-carbon financing and technology, delaying the energy transition, which could decrease the stability and competitiveness of those economies. Refs. [33,38] raised the issue of the cost of applying the CBAM. Smaller economies and those with greater dependence on trade with the EU, such as African countries and those with borders adjacent to the EU, could face a greater shock [38]. For these reasons, a collective climate measure may be preferred over the unilateral CBAM [34]. There are concerns about how the implementation of the CBAM may intensify global protectionist sentiments due to the countermeasures of individual countries to the mechanism [39]. Many researchers and practitioners, such as [10,12,13], worry about retaliation against the EU.



Moreover, there are concerns about negative effects from implementing the carbon border tax. This could lead to trade reduction and welfare loss in emerging markets and developing countries, where major industries with carbon emissions are clustered [31,40]. Eicke [38] expressed the view that risks faced by trading countries when the CBAM is implemented will increase in several cases, i.e., when a particular trading country has greater dependence on trade with the EU; when current carbon emissions are high, or a carbon lock-in situation exists; when a country lacks a systemic capacity to quantify the volume of carbon emissions needed by EU monitoring, reporting, and verification (MRV).





3. Analysis of WTO-Compatibility with the CBAM


3.1. Overview


Much of the previous literature expressed concerns over measures preventing climate change, including the CBAM, and their compatibility with WTO agreements. Among them, some of the most notable recent studies include those by [2,14,16,41,42,43,44,45]. Controversy over the CBAM has intensified. Specifically, developing countries (including China) have argued that the CBAM conflicts with the WTO free trade principles and is unfair from numerous perspectives. Subsequently, the EU announced it would seek measures to accommodate the positions of developing countries and harmonize the CBAM with WTO principles before its implementation. However, it will be difficult to reach international accord on the CBAM. If this issue of WTO compatibility is not resolved, the EU will not be able to circumvent an international trade conflict [2,46,47,48,49].



The EU has been making efforts to bring the CBAM within the WTO system [50] While the EU’s climate policies have been developing for more than three decades, it has been trying to establish regulations and systems compatible with WTO rules, as well as trying to change already established WTO agreements. This is called parallel adaptation, and the EU has been pursuing a systematic approach based on trade rules—in other words, “a GATT/WTO environmentally-friendly approach” [44]. Yet, due to its imposition of new tariffs, the CBAM faces obstacles in meeting the WTO rules and satisfying other WTO members. In this regard, European Parliament [51] reported that “[it] supports the introduction of a CBAM, provided that it is compatible with WTO rules and EU free trade agreements (FTAs) by not being discriminatory or constituting a disguised restriction on international trade.”



It would seem difficult for the EU to resolve the WTO-compatibility issue with the CBAM, which has existed since its inception. UNCTAD [41] asserted: “With the exception of a carbon tax on domestically consumed products, all other carbon adjustment mechanisms discussed by the European Commission do not stand the test of GATT-compatibility. They all violate basic GATT provisions and cannot be justified by the public policy exception of GATT Article XX.” More specifically, Englisch [42] maintain that it would not be possible to impose any border tax based on carbon content without violating the most-favored-nation (MFN) principle, while Bacchus [2] also noted that if countries do not immediately settle the disputes with their trading partners, trade conflict will intensify.




3.2. GATT/WTO Articles Subject to Potential Violation


This section analyzes the EU CBAM mechanisms that have the potential contravene WTO principles. The articles relevant to the CBAM include GATT Article I: General Most-Favoured-Nation Treatment; Article XI: General Elimination of Quantitative Restrictions; Article XVI: Subsidies; and Article XXI: Security Exceptions. Some of the articles that could be subject to GATT/WTO incompatibility are listed in Table 1.



Many pages would be needed to discuss the possible violations under all the articles in Table 1; therefore, this section only briefly discusses the compatibility issue under GATT Article I (MFN) and Article II (BAT). MFN treatment is one of the cornerstones of the GATT/WTO; it obliges a member country to refrain from any discriminatory practices in trade, and to grant equal benefits from a particular product to all like products from member countries. However, due to the technology gap between exporters, the CBAM tariffs will inevitably be assessed differently based on the extent of each countries’ environmental regulations, their technology levels, the availability of an ETS, and other matters. Therefore, even if the carbon border tax is imposed under a consistent standard, discrimination will still exist in reality [44]. In other words, the CBAM could violate the MFN principle as it relates to other countries’ exports of like products (mentioned in GATT Article I, paragraph 1) [41,42].



Moreover, the GATT does not specify or regulate any guidelines about carbon content. If the EU discriminates against imports of like products based on exporter carbon content, this will clearly violate the MFN principle. More specifically, if the EU self-judges the extent and the quality of the climate change measures of other WTO member countries, and subsequently selects import items based on how many emissions certificates the members have purchased, this will result in discrimination among WTO members [2].



GATT Article II, paragraph 2, states: “Nothing in this Article shall prevent any contracting party from imposing at any time on the importation of any product,” and subparagraph (a) includes “a charge equivalent to an internal tax imposed consistently with the provisions of paragraph 2 of Article III in respect of the like domestic product or in respect of an article from which the imported product has been manufactured or produced in whole or in part.” Furthermore, included in Article II are subparagraphs (b) and (c), reading “…any anti-dumping or countervailing duty applied consistently with the provisions of Article VI…”; and “…fees or other charges commensurate with the cost of services rendered…”, respectively. Thus, GATT Article II paragraph 2, subparagraph (a) allows the so-called border adjustments tax (BAT). However, that does not mean there is no problem with the CBAM, because subparagraph (a) in paragraph 2 of Article II is to be interpreted to mean only those taxes imposed for adjusting imports of final goods that are “physically incorporated inputs” may be adjusted [52].



For the BAT, there are other problems similar to the violation of the MFN principle. It is very likely that the new carbon certificates will be costly, and as the EU continues to expand its climate policies, additional measures will be introduced, which will eventually increase the price of carbon certificates. The EU has continued to maintain its position that the CBAM is a requirement for internal regulation. Considering this, if the price of carbon certificates rises and exceeds the ceilings of commitments on binding tariffs, the burdens for exporting countries will increase, although it is acknowledged that the CBAM is not a BAT. That will impose extra trade barriers on non-EU countries, even though that it is not a violation of law [2]. A similar point was raised by Horn [4], who wrote: “the possibility for protectionism is in our view and, we believe, the opinion more generally, the main drawback of BATs.”



In summary, the CBAM has the potential bring about many legal issues that could be incompatible with various articles of the GATT/WTO. Therefore, many countries will claim there are international trade conflicts with the EU’s imposition of tariffs, and this will lead to retaliation [11,12], which will ultimately deteriorate the global trade environment. Section 4 will estimate how such situations will impact trade.





4. The Impact of the CBAM: Analysis from the Perspective of Trade Retaliation


From 2033 on, non-EU exporters into the EU must purchase a carbon certificate based on the carbon content of their products during production, and must submit the certificate to the authorities of the importing EU country. If payment for the carbon emission is made via certified emission reduction (CER), the applicable amount of tax is to be reduced. However, members of the European Free Trade Association (EFTA), such as Switzerland, Iceland, Liechtenstein, and Norway, are exempt from such duties because they implement an emission trading system linked to the EU’s ETS. There are 56 applicable sectors, including cement, electric power, fertilizer, steel, and aluminum. (Table 2) Many issues, such as understanding how the EU assesses the carbon content, the price of carbon certificates, adjustment of an ETS free assignment, duration of the transition, and expansion of the range of applicable items by 2025, are under consideration.



4.1. Model and Data Used for Analysis


To analyze the impact of the EU’s imposition of the CBAM, this paper uses the recursive dynamic GTAP (GTAP-Dyn) model, which is discussed in detail in [53]. The GTAP-Dyn model is one of the models modified by the authors of [54]. It allows dynamic analyses to be made by adding the investment theory for international capital mobility and ownership. The investment theory, which lies at the center of the GTAP-Dyn model, uses a disequilibrium approach based on the assumption of imperfect mobility of capital. Theoretically, savings are invested in a region with the highest rate of return (ROR). If capital mobility is perfect, the ROR of all regions must be the same; however, in reality, RORs are regionally not equal. In the GTAP-Dyn model, the regional equalization of ROR is assumed to only occur in the long term, and regional differences arise in the short term. However, as seen in the model on the right side of Figure 2, due to the mechanism gradually equalizing expected ROR and actual ROR, the regionally differing RORs level out over time.



To estimate the impact of the EU’s imposition of CBAM tariffs, we should classify the parallel energy-intensive sectors: coal, oil, gas, steel (including aluminum), petrochemicals, and electric power. There are 10 individually disaggregated sectors: coal, oil, gas, paper, aluminum, steel, oil products (oil_pcts), cement, chemicals, and electricity. For the classification of countries, the paper focuses on those which will be heavily impacted by the CBAM measures and those which are the largest emitters of CO2. The top 20 countries with the most exports of the 56 listed CBAM items into the EU include China, Russia, Turkey, India, USA and South Korea (Table 3) [58].



In building the model, the specifications of countries with insignificant volumes of exports to the EU have not been disaggregated because that could reduce the accuracy of the simulation in the model due to the size of the necessary data. Thus, the countries have been disaggregated into 18 countries (Table 4) where tariff equivalents can be identified.




4.2. Scenarios


Because a detailed plan for applying the carbon border tax has not yet been suggested, this paper sets up potential scenarios based on the expected circumstances (Table 5). In addition to carbon price forecast, time period, and technological change, scenarios are set to reflect the trade retaliation hypothesized in this paper. It is assumed that the impact of CBAM on global industry and trade adjustment will exist over the next 15 years. Realistically, the effect may persist for a longer period of time, but it was set in consideration of the limitations of the analytical model. The carbon price was set at the current level as of August 2021 and considering future price changes. The EU has announced that some of the CBAM tariff revenue will be used to improve the technical efficiency of the energy industry. CBAM revenue was calculated using a separate GTAP model and technology improvement of 1.5% for 5 years was estimated based on the revenue. Scenario 1 in Table 5 assumes the CBAM application is the most lax, and thus, all ETS countries and those under review of implementation are exempt from the duty of the carbon border tax. Scenario 2 assumes all countries except four in the EFTA with the EU-related system and the EU itself impose the carbon border tax. This scenario conveys the CBAM plan as it is currently known. Intense resistance is expected from major countries, such as China, the United States, and Russia, against the EU’s CBAM system, especially those that are subject to high tariffs. This may lead to trade retaliation via counter-tariffs to the extent that they can be imposed, as predicted by the authors of [10,11]. Accordingly, Scenario 3 assumes retaliation measures are adopted against the EU. Lastly, Scenario 4 reviews circumstances where all economies, rising above bilateral retaliation, decide to adopt the carbon border tax. The scenarios that comprehensively consider the target countries of the carbon border tax, the reflection of carbon pricing, and the increase in efficiency of carbon-related technology can be summarized as follows.



4.2.1. Target Countries


The target countries of the EU’s carbon border tax, the cost of carbon, and changes in carbon-related technology using the carbon tax earned by the EU have been reflected in the scenarios of this study. World Bank [59] classified major countries in the world based on whether an ETS would be implemented (implementation, reviewing implementation, no implementation) as of April 2021. Table 6 summarizes major contents of ETS implementations in Europe and individual countries.




4.2.2. Carbon Pricing


It is plausible that the EU will, through the CBAM, impose tariffs based on the CO2 emission quantity embedded in imports. Such tariffs can be estimated by using the export quantity of CO2 and the transaction costs of CO2 per ton between countries. That is, ad valorem based on the CO2 emission quantities of countries should be calculated. In this regard, UNCTAD [40] assessed tariff equivalents based on carbon emissions of exporters to the EU, as summarized in Table 7. This paper relies on the UNCTAD assessment.



The cost of carbon used for tariff equivalents in the analysis [40] was 44 USD per metric ton (Mt) of CO2. However, this may not accurately reflect constantly increasing carbon prices. According to World Bank [59], the EU’s carbon price for August 2021 was 49.77 USD/Mt (Figure 3). Yet, considering the trend of carbon pricing, in the year 2026, in which the CBAM will be fully implemented, the price will be 67.2 USD, and by 2033, it is expected to go beyond 100 USD/Mt (assuming the annual average rate of increase to be approximately 6.2%).



This paper revises the tariff equivalents from [40] by reflecting the estimates of the EU’s future carbon prices. The recursive dynamic model has the advantage of allowing researchers to set different carbon pricing levels for specific years; thus, this paper sets scenarios with constantly increasing prices from 67.2 USD in 2031 to 90.7 USD in 2031, and 122.5 USD in 2036. In particular, Scenario 4, which is the worst case assuming that all countries impose reciprocal carbon border taxes, applies equal tariff rates to all countries.




4.2.3. Increases in the Efficiency of Carbon-Related Technology


The EU has stated that it will invest the tax revenue earned from the carbon tax to enhance carbon technology. This means the development of low-carbon, high-efficiency energy sectors, and it is expected that this will reduce the demand for EU imports in energy sectors. To reflect this in the model, we set up a scenario where the weight the carbon tax has in the EU’s financial income affects the development of technology in the energy industry.





4.3. Simulation Results and Interpretation


This section presents the simulation results using the GTAP-Dyn simulation model under the four scenarios following the CBAM in the context of total change in the trade of the world’s energy products and the changes by country. The model produces estimates for many variables, such as production, but this section focuses on trade. Simulation results for other variables can be provided upon request.



4.3.1. Impacts on the Trade of Energy Products


As expected, the analysis shows that global trade in energy sectors will be reduced as a result of the EU’s carbon tax. Looking at the changes in the amount of trade based on each scenario (Table 8), exports and imports of most items would be reduced, and the fluctuations in trade volumes will be impacted very differently depending on the sector. Under scenarios assuming the EU’s unilateral imposition of tariffs (Scenario 1 and Scenario 2), the change in exports and imports would be in the order of 3.0%, showing a relatively small reduction in trade. However, under the scenario imposing retaliatory tariffs against EU trade partners (Scenario 3), the reduction in volume would be larger—4.5~4.6%. Furthermore, under the scenario where all countries adopt a carbon border tax (Scenario 4), global trade volume is expected to decrease by 14%. The sectors that suffer from the largest trade reduction in Scenario 4 would be paper (−15.6%), steel (−14.2%), and oil_pcts (−13.7%).




4.3.2. Changes in Trade by Country


Global trade in energy sectors is expected to decrease following the EU’s imposition of the carbon tax (Table 9). Imports and exports for most countries are reduced, and the fluctuations in trade would be quite different depending on the country and the industry. Based on Scenario 4, the rates of reduction in exports are expected to be most notable in countries adjacent to the EU: the United Kingdom (−26.4%), Belarus (−26.1%), Turkey (−23.4%), as institutionally predicted by the authors of [2,4]. Next to these would be China (−20.9%), South Korea (−20.8%), and other East Asian steel exporters. For the EU, the volumes of exports in energy sectors may all go up, except in Scenario 4. In Scenarios 1 and 2, exports are expected to increase, going beyond 15%. The EU would gain from the CBAM. In Scenario 3, where mutual imposition of tariffs is assumed, the export growth rate would go down to 3.5%, and in Scenario 4, the EU would see a reduction of 0.4%. The imports from energy sectors are also expected to drop, and each country would experience different rates of reduction. The EU would experience the biggest reduction in imports due to the tariffs, followed by Russia, Canada, and Ukraine.



The difference between Scenario 2 and Scenarios 3 and 4 is that the imposition of the carbon border tax expands to other countries or to the world. Under mutual imposition of tariffs, or if a third country’s adoption of tariffs decreases the rate of reduction more than the EU’s unilateral tariff, retaliation works and subsequent retaliations would be made, as the authors of [14,15] logically explored. As a representative case, one of the EU’s biggest carbon exporters, Russia, is expected to have a huge reduction (−23.5%) under Scenario 2; while in Scenario 3, where countries around the globe impose a carbon tax, the degree of reduction would be smaller (−20.3%). Likewise, other major exporters, such as China, Ukraine, South Korea, the United States, Argentina, and Japan, exceed the differences under S3 and S2 in the rate of reduction of exports by 3%. Countries (especially developing countries) are more likely to retaliate against the EU than simply accept the unilateral imposition, i.e., they would be subject to heavy damage [36] and would seek retaliation against the EU.




4.3.3. Change in Trade of Steel and Aluminum


Among the sectors subject to CBAM tariffs, the products that the EU imports the most are steel and aluminum; thus, these items can be considered a representative index for the change in trade. When looking at the simulation results (Table 10) for these two energy sectors more closely, the EU would increase its exports substantially (43% under Scenarios 1 and 2, 20% under Scenarios 3 and 4), while the exports and imports of other countries would be severely affected under all scenarios. Steel would be impacted more than aluminum in the global context (the average of world aluminum trade would decrease by 1.8~12.6%, and that of steel by 3.8~14.2%). Scenario 4 shows a significantly higher rate of reduction, where the rates for aluminum and steel would be 12.6% and −14.2%, respectively.



As indicated by rates of change for trade in the energy sectors mentioned above, most countries would experience lower rates of reduction under Scenario 3 than under Scenario 2. Most countries, including Canada, China, Korea, the United States, and Japan, would have smaller export reductions under Scenario 3 (mutual imposition of tariffs with the EU) than under Scenarios 1 and 2 (EU’s unilateral imposition of tariffs), and Japan may even increase its trade (for reference, China: −11.4 → −1.9%; USA: −8.8 → −0.3%; Japan: −7.5 → 1.7%). This happens due to changes in international competitiveness due to the imposition of tariffs. The simulation results support trade retaliation against the EU’s CBAM, which will eventually lead to the trade environment assumed in Scenario 4.






5. Discussion and Conclusions


With the announcement of the CBAM by the EU, awareness among companies of carbon reduction has been strengthened, and the global carbon credit market is revitalizing itself. The size of the global carbon credit market reached 229 billion euros in 2020, more than five times that of three years ago. Some positive effects from the announcement of the CBAM are found in that the price of carbon credits in major countries has risen significantly, and China, the world’s No. 1 carbon emitter, integrated the carbon credit trading market nationwide this year.



Major exporters of energy products will find it advantageous to adopt retaliatory tariffs (Scenario 3, 4) rather than accept the EU’s unilateral tariffs (Scenario 1, 2). Such reciprocal retaliatory tariffs will offset the effect of the CBAM, thereby reinforcing the price competitiveness of their energy products. Chapter 4 suggests that this will increase the exports of energy product by non-EU countries. Of the four scenarios, Scenario 3 is most likely to become a reality. If countries with high carbon emissions, such as Russia, China, and India, engage in trade retaliation, the CBAM will become disadvantageous for the EU. As such, it is questionable whether CBAM can be implemented as the EU intends.



Although the EU has undertaken various legal reviews to assert that the CBAM is compatible with GATT/WTO rules [48], current CBAM initiatives cannot avoid normative violations [41]. No country will oppose a response to climate change, but for CBAM to be implemented successfully, technical, legal, and, above all, political issues must be overcome [47]. Refs. [36,38] argued, it clearly raises the bar (i.e., trade barriers) for developing countries, and the affected countries will engage in trade retaliation [14].



This paper analyzed the ways in which the CBAM does not conform to GATT/WTO trade rules, as explained in Section 3, and for the first time, quantitatively estimated the impact of CBAM under several scenarios from the perspective of trade retaliation. Based on the findings of the empirical simulations in Section 4, it is possible to confirm large losses for non-EU countries and developing countries, and serious impacts on the steel and aluminum sectors.



Despite the 12th WTO Trade Ministers’ Meeting (MC12) scheduled for November 2021, the future of the WTO is still uncertain due to various factors, such as the passive U.S. stance and the US–China trade conflict. Due to the suspension of the Appellate Body, the WTO has lost its capacity to resolve trade disputes. If the WTO plays no role in mitigating global trade retaliation, its status will suffer further. In some respects, the Biden administration can accommodate the CBAM, in that the U.S. has returned to the Paris Agreement that former president Donald Trump withdrew from, and pledged to promote eco-friendly policies. Moreover, the U.S., which is decoupling from China, can adopt the CBAM and introduce a U.S.-style carbon border tax, which could be used to contain China. In that case, the multilateral trade system of the WTO will effectively collapse, although the MC12 trade ministers have emphasized the importance of the WTO.



The current CBAM, which poses a real risk of deteriorating the global trade environment, requires a new legal review, as well as an economic review, at the global level, but not from the EU’s point of view. The implementation period should be delayed, and an international information cooperation system should be discussed first, along with a technical analysis. Today, production is dispersed across multiple countries owing to the global value chain (GVC). When the carbon history of a specific product can be accurately estimated, and if related information can be shared internationally, a carbon border tax can be calculated rationally. Additionally, ways to use tax revenue to reduce the backlash against the CBAM require international agreement. Clearly, this is a new tax imposed on third countries, and if all the revenue, not part of it for international publicity, is used to support environmental technology in developing countries, international acceptance of the CBAM will improve, and criticism against it as a protectionist measure may diminish.



Since the trade retaliation suggested in this paper is highly likely to become a reality, the EU should postpone the implementation of CBAM and closely consult with the international community. In particular, special and differentiated consideration should be made for developing countries, where substantial impact due to CBAM is inevitable. A WTO-level response is also needed. Member States should discuss CBAM tariffs that are inconsistent with WTO rules. If the global trade environment deteriorates due to trade retaliation, the WTO may be in real trouble. Taken together, the justification for preventing climate change is good, but the CBAM scheme is too costly.
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Figure 1. Channels of impacts of the CBAM. 
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Figure 2. Structure of the GTAP model, and adjustment of expected ROR and actual ROR. Source: [54,55], recited from [56,57]. 
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Figure 3. Trend of the EU’s carbon pricing. Note: Estimates from 2022. Source: Author’s calculation based on [59]. 
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Table 1. Possible incompatibilities between the CBAM and GATT/WTO articles.
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	GATT/WTO Article
	Key Issues
	Possible Incompatibility
	Note





	GATT Article I: General Most-Favoured-Nation (MFN) Treatment
	Article I is the most fundamental GATT principle banning discriminatory treatment between members. Thus, there should not be any discrimination in tariffs, fines, import/export regulations, procedures, and more, for all members.
	The EU will assess the border adjustment tax in different ways considering CO2 content, environmental regulations, and technology of exporters on a particular item. Therefore, this is clearly incompatible with the MFN treatment principle.
	There is no way to resolve the incompatibility issue with Article I as of now (Englisch and Falcao, 2021).



	GATT Article II: Schedules of Concessions; Clause (a) Border Adjustment Tax (BAT)
	“A penalty, commensurate to an inland tax, on all or partial goods which contribute to manufacturing or production of imports or domestic goods” is included in Article II Clause (a). Whether the CBAM does apply to the BAT or not is a critical issue.
	Although the EU maintains the CBAM is not a BAT, non-EU countries with higher tariff burdens tend to view it as a BAT.
	If the CBAM tariffs exceed the EU’s binding tariffs, the situation could get worse.



	GATT Article III: National Treatment on Internal Taxation and Regulation
	In principle, an inland tax or other penalties that are normally not imposed on domestic goods must not be imposed on foreign goods (the GATT’s second principle).
	The carbon adjustment tax is imposed only based on carbon content. This can violate the national treatment principle.
	There is a limitation on the EU when assessing the carbon content of all imports. Also, other technical issues can arise.



	GATT Article XX: General Exceptions
	The CBAM-related aspects in Article XX are clauses (b) and (g) as well as the chapeau clause.

Clause (b): A measure on health and life protection of humans and animals/plants.

Clause (g): A measure on preservation of limited natural resources.

Chapeau: The environmental preventive measures must not be used as a “willful” or “unfair discriminatory tool” between countries in similar conditions.
	Clauses (b) and (g) can be compatible. However, the CBAM must be applied in the same manner as a domestic carbon tax. There must not be any willful or unfair discriminatory tool, as declared in the chapeau.

It depends on the regulations mentioned in the chapeau clause.
	If the CBAM is permitted as a general exception, other countries’ imposition of carbon taxes must also be allowed. That is, there is the possibility that protectionism will prevail.



	GATT Article XI: General Elimination of Quantitative Restrictions (QR)
	This is one of the GATT’s top three principles. The article bans quantity restrictions and import licensing; only tariffs, taxes, and penalties are allowed.
	Based on this article, the way the CBAM enforces foreign producer participation in the EU ETS can be interpreted as a form of QR. Thus, this is incompatible with the WTO agreement.
	In this case, the costs of the CBAM can be increased due to the QR.



	GATT Article XXI: Security Exceptions
	When members seek to protect critical national security interests, they can take exceptionally necessary measures under this article (specifically, during wartime or other internationally urgent circumstances).
	Whether the Intergovernmental Panel on Climate Change (IPCC) announcement can be construed as being for security purposes or not will be a critical point.
	Similar measures adopted by their countries will also have to be approved as a national security exception.



	WTO Agreement Clause 3 of Article IX and Clause 4 of Article XVI
	If it is difficult for a member country to implement a WTO agreement due to an “exceptional circumstance” the country can ask for a waiver of duties, but all member countries must agree to grant the waiver.
	If the CBAM is considered a critical situation, it can be deemed an “exceptional circumstance”, and thus, the EU can request a waiver.
	Since the WTO requires unanimity, the likelihood of receiving a waiver is remote.







Source: Authors’ summary based on the Articles of the GATT.
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Table 2. Summary of the EU’s Carbon Border Adjustment Mechanism.
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	Classification
	Major Summary





	Purpose
	
	
Achieving the goal of preventing carbon leakage and climate neutrality by 2050








	Time of introduction
	
	
The year 2023




	-

	
From 2023 to 2025 will be the transition period, but full imposition takes place in 2026.














	Target countries
	
	
All non-EU countries (except for EFTA members and EU-related states, such as Melilla)








	Types of items
	
	
56 items, including cement, electric power, fertilizer, steel, aluminum (the range to be expanded after 2026)








	Measures
	
	
Although deficits are filled by comparing the carbon content of items and the quantity of submitted certificates, profit margins are returned.












Source: CBAM plan by the EU.
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Table 3. Top 20 countries exporting major steel and mineral products into the EU. (Unit: billions USD).
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	Country
	Aluminum
	Cement
	Electricity
	Fertilizer
	Iron and Steel
	Total





	China
	4.2
	0.0
	0.0
	0.1
	15.1
	19.4



	Russian Federation
	2.8
	0.0
	0.7
	1.7
	5.9
	11.1



	Turkey
	1.8
	0.1
	0.1
	0.1
	7.4
	9.5



	India
	0.5
	0.0
	0.0
	0.0
	4.1
	4.6



	USA
	1.0
	0.0
	0.0
	0.1
	3.4
	4.6



	Rep. of Korea
	0.3
	0.0
	0.0
	0.0
	4.0
	4.3



	Ukraine
	0.0
	0.0
	0.4
	0.1
	3.8
	4.3



	Serbia
	0.3
	0.0
	0.5
	0.1
	1.0
	2.0



	Brazil
	0.0
	0.0
	0.0
	0.0
	1.8
	1.9



	United Arab Emirates
	1.5
	0.0
	0.0
	0.0
	0.3
	1.8



	South Africa
	0.5
	0.0
	0.0
	0.0
	1.1
	1.5



	Japan
	0.1
	0.0
	0.0
	0.0
	1.3
	1.4



	Belarus
	0.0
	0.0
	0.0
	0.5
	0.7
	1.3



	Egypt
	0.4
	0.0
	0.0
	0.5
	0.2
	1.2



	Vietnam
	0.1
	0.0
	0.0
	0.0
	1.1
	1.2



	Mozambique
	1.1
	0.0
	0.0
	0.0
	0.0
	1.1



	Bosnia Herzegovina
	0.3
	0.0
	0.3
	0.0
	0.5
	1.0



	Canada
	0.3
	0.0
	0.0
	0.2
	0.3
	0.8



	Malaysia
	0.2
	0.0
	0.0
	0.0
	0.6
	0.8







Note: Aluminum (76, HS code), Cement (2523), Electricity (2716), Fertilizer (31), Iron and Steel (72, 73). Source: Authors’ calculation based on the UN Comtrade Database [58].
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Table 4. Disaggregation of countries and sectors.
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Countries and Sectors

	
Disaggregated Countries and Sectors






	
Countries (18)

	
Belarus, Brazil, Canada, China, Egypt, India, Japan, Rep. of Korea, Malaysia, Russia, South Africa, Turkey, United Arab Emirates, Ukraine, U.S., U.K., Mozambique, Rest of the World (ROW)




	
Sectors

(GTAP code, 35)

	
Energy-intensive Sectors (10)

	
Coal, Oil, Gas, Paper, Aluminum, Steel, Oil_pcts, Cement, Chemicals, Electricity




	
Others (25)

	
Afs, Cmn, Cns, Edu, Eeq, Ele, Fmp, Fsh, Ins, Lum, Mvh, Oap, Obs, Ofd, Ofi, Ome, Omf, Otp, Ros, Tex, Trd, Whs, Wtp, Wtr, Oth_ind_ser








Source: Authors’ clarification based on the GTAP Data v.10.
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Table 5. Summaries of the simulation scenarios.
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Scenario

	
Target Countries

	
Time Period

	
Carbon Price

	
Energy Efficiency






	
1

	
EU → the world (except those that have implemented an ETS or anticipate implementation)

	
Analysis of change in trends over 15 years (‘21~’36)

	
67.2 USD/t~122.5 USD

	
Increasing by 1.5% for 5 years in technology efficiency of the EU




	
2

	
EU → the world




	
3

	
EU → the world; the world → EU




	
4

	
The world → the world








Note: EU includes countries in the EFTA, such as Switzerland; the world excludes the EU.
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Table 6. The status of ETS implementation.
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Status

	
Country

	
Title of Initiative

	
Year of Execution

	
GHG Emission (MtCO2e)






	
Implementation

(10)

	
China

	
China’s national ETS

	
2021

	
3996.90




	
EU, EFTA

	
EU ETS

	
2005

	
1725.77




	
South Korea

	
Korea ETS

	
2015

	
513.42




	
Germany

	
Germany ETS

	
2021

	
398.62




	
Mexico

	
Mexico pilot ETS

	
2020

	
328.72




	
United Kingdom

	
U.K. ETS

	
2021

	
192.43




	
Kazakhstan

	
Kazakhstan ETS

	
2013

	
156.52




	
Canada

	
Canada federal OBPS

	
2019

	
73.52




	
New Zealand

	
New Zealand ETS

	
2008

	
45.25




	
Switzerland

	
Switzerland ETS

	
2008

	
6.04




	
Review of implementation

(11)

	
Chile, Colombia, Indonesia, Japan, Montenegro, Serbia, Thailand, Turkey, Ukraine, Vietnam, Pakistan




	
No implementation

	
ROW








Note: The jurisdiction targets the ETS of the country (national) or the economic bloc (regional); an ETS in regions within countries (subnational) is assumed to be non-implementation. Source: Adapted from [59].
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Table 7. EU carbon tariff equivalents by importer (44 USD/Mt). (Unit: [%]).
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Country

	
Paper

	
Aluminum

	
Steel

	
Oil_Pcts

	
Cement

	
Chemicals

	
Electricity






	
Belarus

	
1.7

	
(0)

	
0.7

	
(1.9)

	
2.9

	
(0)

	
1.4

	
(1.4)

	
30.3

	
(2.8)

	
4.4

	
(3.4)

	
11.3

	
(0)




	
Brazil

	
0.8

	
(0)

	
4.4

	
(1)

	
3.3

	
(1)

	
0.9

	
(1.9)

	
7

	
(0)

	
0.8

	
(4)

	

	
(0)




	
Canada

	
1.3

	
(0.2)

	
1.3

	
(1.4)

	
2.2

	
(0.3)

	
1.3

	
(1.4)

	
4.1

	
(0.1)

	
2.2

	
(1.1)

	

	
(0)




	
China

	
1.7

	
(0.1)

	
2.4

	
(5.3)

	
3.7

	
(0.5)

	
2.3

	
(0)

	
10.3

	
(4.6)

	
3

	
(4.6)

	

	
(0)




	
Egypt

	
2.3

	
(0)

	
2.4

	
(0)

	
5.9

	
(0)

	
0.7

	
(0)

	
10.6

	
(0)

	
5.4

	
(0)

	

	
(0)




	
India

	
4

	
(0)

	
5.6

	
(1.8)

	
12.6

	
(0)

	
0.9

	
(1.4)

	
22.1

	
(0.3)

	
4.6

	
(3.4)

	

	
(0)




	
Japan

	
1

	
(0.1)

	
0.4

	
(2.7)

	
1

	
(0.1)

	
0.8

	
(0.9)

	
5

	
(2.7)

	
1.4

	
(3.8)

	

	
(0)




	
Rep. of Korea

	
1

	
(0)

	
0.6

	
(0)

	
1.5

	
(0)

	
0.8

	
(0)

	
4.8

	
(0.1)

	
1.2

	
(0.3)

	

	
(0)




	
Malaysia

	
1.4

	
(0.1)

	
2.6

	
(2.4)

	
3.3

	
(0.3)

	
4.6

	
(1.1)

	
6.4

	
(5)

	
2.6

	
(3)

	

	
(0)




	
Russia

	
5.1

	
(0.1)

	
3

	
(2.5)

	
5.3

	
(0.3)

	
1.3

	
(1.8)

	
10.5

	
(0.2)

	
7

	
(3.2)

	
20.8

	
(0)




	
South Africa

	
1.7

	
(0)

	
6.4

	
(0.1)

	
6.2

	
(0)

	
10.4

	
(0)

	
11.7

	
(0)

	
4.2

	
(0.4)

	

	
(0)




	
Turkey

	
1.1

	
(0)

	
1.2

	
(0)

	
2.9

	
(0)

	
1.2

	
(0)

	
12.3

	
(0)

	
2

	
(0)

	
16.6

	
(0)




	
United Arab Emirates

	
3.1

	
(0.1)

	
0.8

	
(4.5)

	
1.9

	
(0.3)

	
0.7

	
(1.4)

	
7.6

	
(0.4)

	
3.7

	
(3.2)

	

	
(0)




	
Ukraine

	
1.6

	
(0)

	
5.3

	
(0.9)

	
9.2

	
(0)

	
3.1

	
(0)

	
18.7

	
(0)

	
10.8

	
(1.3)

	
15.6

	
(0)




	
U.S.

	
0.7

	
(0.1)

	
1.2

	
(2.3)

	
1.5

	
(0.5)

	
1.3

	
(1.4)

	
3.2

	
(2.1)

	
1.2

	
(2)

	

	
(0)




	
U.K.

	
0.2

	
(0)

	
0.1

	
(0)

	
0.3

	
(0)

	
0.6

	
(0)

	
0.6

	
(0)

	
0.1

	
(0)

	
7.8

	
(0)




	
Mozambique

	
0.3

	
(0)

	
4.6

	
(0)

	
11.3

	
(0)

	
1

	
(0)

	
1.8

	
(0)

	
0.8

	
(0)

	

	
(0)




	
ROW

	
0.3

	
(0)

	
4.6

	
(0.2)

	
11.3

	
(0.1)

	
1

	
(0.7)

	
1.8

	
(0.1)

	
0.8

	
(0.9)

	

	
(0)








Source: UNCTAD [40] and GTAP Data v.10.
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Table 8. Impacts on trade in the energy sectors. (Unit: [%]).
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Energy Products

	
Scenario 1

	
Scenario 2

	
Scenario 3

	
Scenario 4




	
Export

	
Import

	
Export

	
Import

	
Export

	
Import

	
Export

	
Import






	
Paper

	
−2.7

	
−2.6

	
−2.8

	
−2.6

	
−4.0

	
−3.8

	
−15.6

	
−15.5




	
Aluminum

	
−1.8

	
−1.7

	
−1.8

	
−1.7

	
−3.0

	
−3.0

	
−12.6

	
−12.6




	
Steel

	
−3.8

	
−3.6

	
−3.9

	
−3.7

	
−6.5

	
−6.3

	
−14.2

	
−14.1




	
Oil_pcts

	
−4.9

	
−4.8

	
−5.0

	
−4.8

	
−5.3

	
−5.1

	
−13.7

	
−13.6




	
Cement

	
−2.7

	
−2.5

	
−3.1

	
−3.0

	
−5.1

	
−4.9

	
−11.2

	
−11.1




	
Chemicals

	
−1.4

	
−1.4

	
−1.5

	
−1.5

	
−3.3

	
−3.3

	
−12.8

	
−12.8




	
Electricity

	
−2.1

	
−2.1

	
−2.2

	
−2.2

	
−4.9

	
−4.9

	
−17.6

	
−17.6




	
Average

	
−2.8

	
−2.7

	
−2.9

	
−2.8

	
−4.6

	
−4.5

	
−14.0

	
−13.9
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Table 9. Impacts on trade in energy products. (Unit: [%]).
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Countrie

(Order of Carbon Exports)

	
S1

	
S2

	
S3

	
S4

	
Difference




	
Export

	
Import

	
Export

	
Import

	
Export

	
Import

	
Export

	
Import

	
S3 minus S2

	
S4 minus S2






	
Russia

	
−23.7

	
−2.2

	
−23.5

	
−2.1

	
−20.3

	
−12.4

	
−17.3

	
−15.3

	
3.2

	
6.2




	
China

	
−9.9

	
0.9

	
−12.2

	
0.6

	
−8.5

	
−0.7

	
−20.9

	
−14.2

	
3.7

	
−8.7




	
Turkey

	
−12.2

	
0.1

	
−20.2

	
−0.5

	
−17.2

	
−6.2

	
−23.4

	
−10.9

	
3

	
−3.2




	
U.K.

	
−13.5

	
0.9

	
−18.0

	
0.9

	
−16.4

	
−4.0

	
−26.4

	
−11.4

	
1.6

	
−8.4




	
Ukraine

	
−11.0

	
−2.5

	
−21.5

	
−6.1

	
−16.6

	
−10.7

	
−22.4

	
−14.3

	
4.9

	
−0.9




	
Rep. of Korea

	
−7.6

	
−1.7

	
−8.2

	
−1.8

	
−4.6

	
−1.0

	
−20.8

	
−13.9

	
3.6

	
−12.6




	
India

	
−14.6

	
−0.4

	
−14.5

	
−0.4

	
−12.0

	
−3.4

	
−20.5

	
−12.1

	
2.5

	
−6




	
Brazil

	
−9.9

	
−0.6

	
−9.7

	
−0.5

	
−7.1

	
−2.2

	
−19.4

	
−12.7

	
2.6

	
−9.7




	
U.S.

	
−10.5

	
0.1

	
−10.3

	
0.2

	
−7.1

	
−0.8

	
−20.3

	
−13.5

	
3.2

	
−10




	
South Africa

	
−11.0

	
−1.8

	
−10.9

	
−1.8

	
−9.7

	
−5.1

	
−16.4

	
−13.7

	
1.2

	
−5.5




	
Argentina

	
−7.3

	
−1.4

	
−7.1

	
−1.4

	
−3.0

	
−2.4

	
−16.2

	
−11.9

	
4.1

	
−9.1




	
Mozambique

	
−8.9

	
−7.9

	
−8.6

	
−7.8

	
−5.6

	
−7.9

	
−18.5

	
−8.8

	
3

	
−9.9




	
Egypt

	
−16.0

	
−2.0

	
−15.7

	
−2.0

	
−13.6

	
−4.1

	
−22.7

	
−9.8

	
2.1

	
−7




	
Belarus

	
−25.9

	
−4.3

	
−25.7

	
−4.0

	
−18.9

	
−4.3

	
−26.1

	
−12.7

	
6.8

	
−0.4




	
Canada

	
−6.4

	
−2.3

	
−7.4

	
−2.4

	
−5.3

	
−2.2

	
−19.1

	
−15.0

	
2.1

	
−11.7




	
Malaysia

	
−8.9

	
−1.2

	
−8.7

	
−1.1

	
−4.8

	
−0.8

	
−20.1

	
−10.5

	
3.9

	
−11.4




	
Japan

	
−7.8

	
−0.2

	
−8.4

	
−0.3

	
−4.7

	
0.0

	
−19.7

	
−14.3

	
3.7

	
−11.3




	
EU27

	
15.7

	
−6.6

	
16.5

	
−7.0

	
3.5

	
−10.1

	
−0.4

	
−16.9

	
−13

	
−16.9




	
ROW

	
−10.7

	
−1.4

	
−10.5

	
−1.3

	
−7.9

	
−1.7

	
−19.9

	
−11.9

	
2.6

	
−9.4
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Table 10. Impacts on exports of steel and aluminum (Unit: [%]).






Table 10. Impacts on exports of steel and aluminum (Unit: [%]).





	
Countries

(Order of Carbon Exports)

	
S1

	
S2

	
S3

	
S4




	
Aluminum

	
Steel

	
Aluminum

	
Steel

	
Aluminum

	
Steel

	
Aluminum

	
Steel






	
Russia

	
−16.1

	
−18.9

	
−15.4

	
−18.8

	
−14.0

	
−12.6

	
−12.3

	
−18.1




	
China

	
−13.6

	
−9.6

	
−16.2

	
−11.4

	
−10.2

	
−1.9

	
−21.3

	
−20.0




	
Turkey

	
−16.4

	
−12.3

	
−19.7

	
−14.9

	
−17.0

	
−8.3

	
−28.7

	
−22.0




	
U.K.

	
−9.5

	
−18.7

	
−9.3

	
−19.0

	
−0.1

	
−15.2

	
−25.4

	
−30.1




	
Ukraine

	
−15.7

	
−14.3

	
−14.7

	
−24.7

	
−11.3

	
−18.7

	
−24.8

	
−21.6




	
Rep. of Korea

	
−9.0

	
−8.7

	
−8.8

	
−9.3

	
−3.5

	
−1.7

	
−29.7

	
−22.4




	
India

	
−8.9

	
−22.0

	
−8.7

	
−21.9

	
−14.7

	
−13.1

	
−19.4

	
−22.0




	
Brazil

	
−10.1

	
−12.7

	
−9.8

	
−12.5

	
−4.3

	
−6.6

	
−14.3

	
−20.4




	
U.S.

	
−14.1

	
−8.9

	
−13.7

	
−8.8

	
−7.8

	
−0.3

	
−21.9

	
−17.6




	
South Africa

	
−12.2

	
−12.6

	
−12.0

	
−12.5

	
−9.8

	
−7.2

	
−12.3

	
−16.2




	
Argentina

	
−6.7

	
−3.6

	
−6.4

	
−3.6

	
−2.8

	
6.5

	
−17.3

	
−13.3




	
Mozambique

	
−57.2

	
0.5

	
−56.2

	
0.4

	
−58.5

	
14.4

	
−23.6

	
−16.7




	
Egypt

	
−19.8

	
−21.4

	
−18.8

	
−20.9

	
−19.0

	
−12.0

	
−25.8

	
−23.4




	
Belarus

	
−13.7

	
−29.5

	
−12.9

	
−28.7

	
−8.8

	
−25.3

	
−37.9

	
−33.4




	
Canada

	
−11.9

	
−6.9

	
−11.5

	
−6.9

	
−8.6

	
−2.7

	
−28.3

	
−19.2




	
Malaysia

	
−11.4

	
−8.9

	
−11.0

	
−8.9

	
−4.8

	
2.3

	
−25.4

	
−20.1




	
Japan

	
−11.0

	
−7.5

	
−10.7

	
−7.5

	
−4.3

	
1.7

	
−24.4

	
−18.5




	
EU27

	
43.8

	
13.1

	
43.6

	
14.7

	
20.3

	
−7.8

	
20.5

	
−2.3




	
ROW

	
−14.6

	
−17.9

	
−14.3

	
−17.8

	
−10.7

	
−11.5

	
−19.6

	
−20.9




	
Average

	
−1.8

	
−3.8

	
−1.8

	
−3.9

	
−3.0

	
−6.5

	
−12.6

	
−14.2
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