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Abstract


The introduction or strengthening of a carbon tax is being considered in many countries as an economic policy instrument to reduce greenhouse gas (GHG) emissions. However, there is no study analyzing the impact of a carbon tax increase in a uniform method for various products, reflecting the energy taxes and exemptions. Therefore, this study analyzes the price changes of products associated with the introduction of a stronger carbon tax, using Japan as an example. A process-based life cycle assessment database was used to enable a detailed product-level analysis. Five scenarios with different taxation amounts and methods were analyzed. The results show that price changes vary greatly by industry sector and product, even within the same industry sector. For example, seasonal vegetables and recycled plastics are less affected by carbon tax increases. Imported products, such as primary aluminum, are not affected by the Japanese carbon tax change, indicating a risk of carbon leakage. If GHGs other than CO2 are also taxed, the price of CH4 and N2O emitting products, such as rice and beef, would rise significantly. The method presented in this paper enables companies to assume price changes in procured products due to carbon taxes and policymakers to analyze the impact of such taxes on products.
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1. Introduction


To decarbonize society, economic policy measures, carbon taxes, and fuel taxes have been introduced in many parts of the world [1]. These carbon and fuel taxes have been shown to be effective in reducing CO2 emissions in various countries, such as Canada [2], France [2], Netherland [3,4], Finland [4], and Sweden [2,4,5]. Furthermore, He et al., (2019) [6] indicated that these taxes have reduced CO2 emissions and fossil fuel use in Nordic countries and the G7 countries in the long run. Nadirov et al., (2020) [7] clarified that increasing carbon taxes affects consumer behavior, resulting in a significant shift from petrol to diesel fuel vehicles in 17 countries. Product price changes associated with the introduction of carbon taxes and the associated impacts on households have been studied in various countries, including the United States [8], Japan [9,10,11], France [12], and Thailand [13]. Studies using multi-region input–output tables (MRIOs) clarified that the impact of carbon pricing on households varies according to the income level of a country [14,15]. Therefore, it is important to appropriately recycle carbon tax revenues considering the country’s characteristics [16].



Economic models, such as input–output tables [9,10,13,14] and the computable general equilibrium (CGE) model [17], are used for analyzing the impact of the introduction of a carbon tax policy in advance. For example, Sugino (2021) [10] analyzed the effects of carbon policies that increase the effective carbon rate to the EUR 30 threshold using the Japanese input–output table.



In order to mitigate the impact of carbon taxes on internationally competitive products, for example, a mechanism to rebate the taxes at the time of export has been discussed [1]. For this purpose, it is necessary to clarify the cumulative tax amount for various products in a reasonable method. However, while existing methods can comprehensively analyze the entire economy, it is difficult to conduct a detailed product-level analysis because the granularity of the analysis is limited to statistical classification.



Life cycle assessment (LCA) is a technique for assessing the environmental impact of a product over its life cycle, which is defined in ISO14040:2006 [18]. It is used by companies to develop environmentally conscious products, communicate product environmental performance [19], and by governments to formulate environmental policies [20]. When a company or other organization conducts LCA of its products, the input–output table created from the statistics is used for screening purposes. By assigning the purchase amounts of materials to the relevant sector in the Input–Output table, the cumulative environmental impact of the entire supply chain can be estimated. However, for a detailed product assessment, process-based LCA databases, such as ecoinvent [21] and the inventory database for environmental analysis (IDEA) [22], are commonly used. For example, Japan’s Input–Output table has 400 categories, but IDEA has data in 4700 categories. A process-based LCA database expresses the connections between processes, mostly using physical flows. It is necessary to use a database that reflects the characteristics of materials and energy for product-level assessments.



If the carbon tax is simply proportional to CO2 emissions, the impact of this carbon tax can be calculated by extracting the amount of CO2 emissions from the LCA results and multiplying it by the assumed carbon price. In addition to greenhouse gas (GHG) cases [23,24,25], there are other cases where environmental impacts other than GHG are converted to monetary values [26,27,28,29] using this method.



However, in reality, there are taxes other than carbon taxes. Taxes based on carbon emissions are called explicit carbon taxes, whereas others are called implicit carbon taxes. Implicit carbon taxes include fuel excise taxes and electricity taxes, which have been introduced in many countries and collect much more taxes than carbon taxes [30]. In addition, there are tax exemptions and refunds for specific industries and products (goods and services). However, no product-level analysis has been conducted using a process-based database to reflect the actual state of existing energy taxations and tax exemptions.



Therefore, the purpose of this study is to propose and demonstrate a method to analyze the impact of a stronger carbon tax at the product level. This study focuses on Japan as a case study. In Japan, most energy taxes are fuel taxes. The Special Taxation for Climate Change Mitigation (hereinafter referred to as carbon tax), which is a tax based on the carbon content of fuel, was introduced in 2012, but it only accounts for a small percentage of the tax revenue from energy taxation [30]. However, in October of 2020, Japan’s prime minister declared that Japan will reduce GHG emissions to net zero by 2050, and the introduction of stronger policies for GHG reduction is under consideration. Therefore, each stakeholder needs information about the impact of the carbon tax increase on the products they are involved in.



Section 2 presents the status of energy taxes, including the carbon tax in Japan and the analysis method of this study. The results of the analysis at the industry level and at the product level are presented in Section 3. Section 4 discusses both the results of this analysis and the analysis method. Section 5 summarizes the conclusions.




2. Materials and Methods


2.1. Energy Tax in Japan


In the FY2020 budget, Japan predicted the collection of approximately JPY 4.455 trillion for energy taxation. This accounts for 4.14% of the JPY 107.56 trillion national budget, making it a significant revenue source. An overview of energy taxation is provided in Table 1. Of the energy taxes, gasoline tax (JPY 53.8/L) has the largest tax revenue. The diesel oil delivery tax (JPY 32.1/L) follows this tax. The oil and gas tax (JPY 17.5/kg) is imposed on liquefied petroleum gas (LPG) used by vehicles. These three taxes are used as general revenue sources. The aviation fuel tax is levied at JPY 18.0/L and is used for airport maintenance.



The tax revenue from petroleum and coal taxes is JPY 655 billion. Within the petroleum and coal tax, the carbon tax is proportional to the carbon content of the fuel. The amount of the carbon tax is JPY 289/t-CO2. For example, the petroleum and coal taxes on coal are JPY 1370/t-coal, of which JPY 670 are equivalent to the carbon tax. The electric power development promotion tax (hereafter referred to as electricity tax) accounts for JPY 315 billion in tax revenue. This tax is levied on electricity sold at a rate of JPY 0.375 /kWh. This tax is used as a measure to promote the location of power sources, power utilization, and nuclear safety regulations.



There are industries and products that are subject to additional taxation or exemptions from taxation for a limited period. These are complex and are often extended. For example, the exemption of the petroleum and coal tax on coal for the steel and cement manufacturing industry was a time-limited measure until March 2013, but it was revised to a “temporary” measure with no fixed date of application. Therefore, this study analyzed the present tax status as of January 2021, including temporary measures.



For these energy taxes, tax exemptions and refunds are provided for various uses and industries. Table 2 shows the tax exemptions and refunds considered in this study. For example, naphtha (for manufacturing petrochemical products, such as plastics) is exempted from petroleum and coal taxes. Furthermore, there is no taxation on the energy consumed abroad for imported products. Therefore, no taxation is associated with the energy consumption in processes carried out abroad.




2.2. Database Creation


In this study, LCA [18] was adopted to analyze the price change of products. A process-based LCA database shows materials, energy consumption, and GHG emissions at the product level. Therefore, in this study, a process-based LCA database was used for the analysis. We used IDEA ver. 2.3 [22], the most comprehensive process-based LCA database in Japan. It compiles data on more than 4200 products. Since IDEA ver. 2.3 also has unit price information for more than 2700 products, we analyzed price changes according to the tax policy change.



For each unit process in IDEA ver. 2.3, the tax amount shown in Table 1 was entered as the elementary flow for each energy input of the processes. The tax exemptions and refunds shown in Table 2 were also entered as elementary flows. For example, petroleum and coal taxes on coal for coke production are exempted from taxation. Therefore, the same amount of the elementary flow of taxation and the elementary flow of tax exemption were entered, so that it could be analyzed when the tax exemption was finished.



The tax exemption for the caustic soda industry was applied not only to the caustic soda production process but also to the production process of chlorine, which is a co-product of the caustic soda production. Since the processes with co-products were divided into several processes for representing one output product from one process in IDEA, therefore, this study considered the physical characteristics of these processes in setting the tax exemption/refund.



For energies consumed abroad, an elementary flow indicating tax exclusion was entered; a list of these flows (newly entered into the IDEA database) is shown in Table 3. Since taxation flows were only entered in the energy conversion process, the number of applicable processes was small. In contrast, the number of tax exemption/refund flows and tax exclusion flows was large because there were many applicable processes.



There are other so-called environmental taxes. For example, the automobile tax generated when purchasing a car is reduced according to the fuel economy measured by the official standard. However, although IDEA ver. 2.3 has datasets on automobiles of different sizes and loading rates, there are no datasets for automobiles with different fuel economies. Those differences are not taken into account in the processes of using automobiles. Therefore, taxes and tax reductions on equipment were excluded from this analysis. We also excluded taxes that were uniformly imposed, such as a consumption tax. This is because all products are taxed in the same way, regardless of the environmental performance. After entering the elementary flows of each tax into each process of the LCA database IDEA, the cumulative amount of tax in the entire supply chain was calculated using the LCA software MiLCA ver. 2.2 [32].




2.3. Scenarios


Japan’s carbon tax is relatively low compared to that of other Organisation for Economic Co-operation and Development (OECD) member countries [1]. The Ministry of the Environment of Japan launched a subcommittee on carbon pricing and considered strengthening the carbon tax [31]. However, no concrete plan has been presented for the height of the carbon tax or other energy taxes. Therefore, in addition to the present situation, this study set up five taxation scenarios and analyzed their impact on product prices (Table 4).



Dividing the total amount of energy taxation in 2018 (JPY 4621 billion) by the domestic CO2 emissions from energy sources (1183 million t-CO2) [33], JPY 3906/t-CO2 was calculated. To maintain the same level of tax revenues at the present level, approximately JPY 5000/t-CO2 would be needed, taking into account tax reductions for specific industries and products. The social cost of CO2 was calculated as USD 42/t-CO2 at a discount rate of 3% [34], and JPY 5000/t was close to that value. Therefore, in Scenario 1, we assumed that all present energy taxes were replaced by a carbon tax of JPY 5000/t-CO2.



As mentioned earlier, many industries and products in Japan are exempted from energy taxation. Therefore, Scenario 2 is a case in which industries and products that are subject to a domestic tax exemption/refund are eliminated.



It was suggested that an explicit carbon price of USD 50-100/t-CO2 is needed by 2030 to achieve the goals of the Paris Agreement [35]. Therefore, the case in which the carbon tax is increased from JPY 289/t-CO2 to JPY 5000/t-CO2, while retaining the existing energy taxation, was considered as Scenario 3.



GHGs are emitted from sources other than those currently taxed. For example, in livestock farming, CH4 is emitted during the digestion process of cattle. Dichloromethane, which is used as a cleaning agent for metal products, is a GHG that is released into the atmosphere from various industrial processes. Scenario 4 is a case in which the same carbon tax is imposed on GHGs other than CO2. Each GHG was converted to CO2 equivalents using the 100-year global warming potential (GWP) index [36]. Biomass-derived CO2 was excluded because it was considered carbon-neutral.



The International Energy Agency developed a future scenario called the sustainable development scenario to achieve the 2050 target set by the Paris Agreement [37]. In this scenario, advanced economies, including Japan, need a CO2 price of USD 140 by 2040. It has also been reported that bioenergy for aviation fuel requires a carbon price of USD 150/t-CO2 to be competitive [38]. Similarly, it has been reported that even USD 150/t-CO2 is insufficient for steelmaking by hydrogen reduction to be competitive when the price of electricity is USD 60/MWh or higher [38]. It was also reported that to reduce GHG emissions by 80% by 2050, the price needs to rise to USD 40-150 by 2050 [39]. Therefore, we set Scenario 5 as the case in which the carbon tax is added to the existing energy taxation and the carbon tax is set at JPY 10,000/t.





3. Results


The price changes for each product, by scenario, are shown in Figure 1. This is the result of the unit price of each product included in the IDEA database and is not weighted by the production volume of each product. For this reason, it is different in character from the average when analyzed on an industry sector basis. To calculate price changes, calculation results without unit price data were excluded from Figure 1. In reality, it is not always the case that all increases in product manufacturing costs are directly reflected in prices. However, in this study, all price changes were assumed to be reflected in product prices.



The prices generally increased as compared to the present situation in each scenario. However, some products became cheaper in Scenarios 1 and 2, particularly in the fisheries and transportation sectors. The elimination of the gasoline tax and diesel oil delivery tax in Scenario 1 resulted in lower prices in the transportation (median −1.2%) and fisheries sectors (median −0.1%).



Scenario 2 eliminates tax exemptions and refunds for certain industries, so the price increases were large in the iron and steel (median 9.3%) and chemicals (median 4.6%) sectors, which benefited the most from tax exemptions and refunds. Agriculture, forestry, and fisheries sectors also lost their tax exemptions and refunds, but this was offset to some extent by the effect of lower gasoline and diesel delivery taxes. Although direct comparisons cannot be made due to differences in carbon tax prices and assumptions, these trends were similar to those reported in a previous study [11].



In Scenario 3, the carbon tax is increased from JPY 289/t-CO2 to JPY 5000/t-CO2, while leaving the existing energy taxation in place. The results showed that all sectors showed an increasing trend, but there were relatively large price increases in pulp and paper (median: 3.9%), chemicals (median: 3.2%), iron and steel (median: 2.6%), textiles (median: 2.1%), and mining (median: 1.8%). On the other hand, price increases in agriculture, forestry, fisheries, construction, other products, and the service sector were less pronounced.



In Scenario 4, all GHGs are taxed. Compared to the results of Scenario 3, only the agriculture (median: from 0.8% to 0.9%) and food (median: from 1.3% to 1.7%) sectors showed an upward trend, while the other sectors did not differ significantly in prices. The increase in the value of the food sector is attributed to the agricultural sector. There was also a slight increase in the textile and chemical sectors.



In Scenario 5 the carbon tax is increased to JPY 10,000/t-CO2. Price increases were seen in many sectors, with the largest increases in pulp and paper (median: 7.9%), chemicals (median: 6.7%), iron and steel (median: 5.5%), and textiles (median 5.0%). Mining (median: 3.7%) and food (median: 3.6%) also experienced relatively large increases. There was a wide range of changes in the amount of taxation on products in the same sectors. The following section provides a detailed analysis of products in key industries.



3.1. Agriculture


The results of the analysis of the tax amount per kilogram of product for major grains, vegetables, and fruits are shown in Figure 2. The bar graph in Figure 2 shows a breakdown of the present tax amount. Almost all other energy taxes (mainly gasoline tax and diesel oil delivery tax), both taxable and exempted, accounted for the majority of the tax.



The present tax rate for brown rice is JPY 1.4/kg, but in Scenario 4, where all GHGs are taxed, the tax rate increased significantly to JPY 8.3/kg (a 2.9% increase in the unit price of the product). This is due to the taxation of CH4 generated from rice paddies. Under Scenario 5, which further increased the carbon tax to JPY 10,000/t-CO2, the tax for brown rice was JPY 15.2/kg and increased the product price by 5.8%. In Scenario 5, the product unit prices for wheat and soybeans were 5.9% and 5.6%, respectively.



For vegetables, different results were obtained depending on the cultivation method used. The present tax rate for cucumbers grown outdoors was JPY 1.5/kg, and in Scenario 5, it increased to JPY 5.0/kg. The current tax rate for cucumbers grown in facilities was JPY 2.1/kg, and in Scenario 5, the rate was JPY 9.1/kg. The tax on cucumbers cultivated outdoors increased by JPY 3.5/kg, while the tax on cucumbers cultivated in facilities increased by JPY 7.0/kg. However, due to the higher unit price of facility cultivation, the rate of the price change was approximately 1.8% for both. A similar trend was observed for tomatoes. These vegetables are generally grown outdoors during the summer season and in facilities during other seasons, and fuel is used for heating.



Apples and Citrus unshiu are examples of fruits. For apples, the total amount of energy taxation was relatively low at JPY 3.1/kg in Scenario 5, and the rate of change in the product price was low at 1.0%. Citrus unshiu consumes a large amount of diesel oil; in Scenarios 2 and 3, when the carbon tax was fully implemented, the tax amount was lower than the present amount because the diesel oil delivery tax was eliminated. However, in Scenario 5, the tax was JPY 8.6/kg, and the rate of change in product prices increased by as much as 2.2%.




3.2. Livestock


The amount of energy tax per kilogram of livestock body weight is shown in Figure 3. The current tax rate for beef cattle was JPY 5.1/kg, but it increased to JPY 16.4/kg (1.4% increase in unit price) in Scenario 3, JPY 63.2/kg (7.3%) in Scenario 4, and JPY 122/kg (14.8%) in Scenario 5. In particular, the impact of CH4 from the digestion process and livestock manure treatment contributed significantly to these increases. For eggs, broilers, and pigs, the rate of change in product prices due to the introduction of Scenario 5 was 6.8–7.9%, while for beef cattle, it was 14.8%. The unit price of beef products was higher than that of eggs, broilers, and pigs, and this was a significant price increase.




3.3. Energy


The change in the tax amount per MJ of major energy sources is shown in Figure 4. Note that the electricity values were apparently higher because of the generation efficiency considered. Presently, gasoline, diesel oil, and aviation fuels have high tax rates. In Scenario 2, which eliminated energy taxes and unified them with the carbon tax, the amount of tax for each energy type, except for electricity, was almost the same. In Scenario 5, where the existing taxes were retained and the carbon tax was set at JPY 10,000/t, gasoline continued to have the highest tax due to the high rate of gasoline tax. Except for Scenario 2, coal for coke was the least expensive tax rate because it was exempted from taxes.



The product price of fuel coal increased by 197% in Scenario 5, owing to the low product unit price. Diesel oil, aviation fuel, and gasoline prices rose significantly compared to products in other sectors by 43.8%, 44.5%, and 24.0%, respectively. Electricity saw an 8.4% increase in the product price.




3.4. Plastics


The tax changes in the major plastic materials are shown in Figure 5. In this figure, the results are shown for common plastics such as polyethylene (PE), polystyrene (PS), and polyethylene terephthalate (PET) as well as for engineering plastics, such as polycarbonate (PC) and fluororesin. The results for the major recycled plastics are also presented. Since the market price of recycled plastics is uncertain, the price was calculated to be half that of primary plastics.



Naphtha, the raw material for plastics, was exempted from petroleum and coal taxes. In Scenario 2, which eliminated the tax exemption, PE, PS, and PET had the highest taxes at JPY 24.7/kg, 27.3 JPY/kg, and JPY 28.1/kg, respectively, while PC had the highest tax in Scenario 5 (JPY 69.4/kg) due to its high energy consumption during manufacturing.



Fluororesin contains fluorine in its molecular structure, but due to the high fossil fuel consumption in the production process, the price was JPY 151.7/kg in Scenario 5. Due to the high unit price of the product, the price change was small at 6.1%. In contrast, the price of PC, another engineering plastic, increased by 18.8%.



When comparing PET and recycled PET, the tax amount was smaller for recycled PET in all scenarios. PE is a type of polyolefin, and recycled polyolefin pellets are made from PE. The difference in the tax amount between primary PE and recycled PE increased from JPY 0.6/kg in the present to JPY 5.6/kg in Scenario 5. The same trend was observed for PS, with an increase from JPY 1.2/kg to JPY 8.5/kg.




3.5. Other Materials


The changes in the taxes of the other major materials are shown in Figure 6. The results are shown for crude steel from blast furnaces, which are mainly made from iron ore, and crude steel from electric furnaces, which are mainly made from scrap. At present, the tax amount for both blast furnace steel and electric furnace steel was not more than JPY 1.0/kg because coal used for steel production was exempted from petroleum and coal taxes. In Scenario 2, in which the exemption was eliminated, the amount of tax was increased to JPY 11.4/kg for blast furnace steel and JPY 2.0/kg for electric furnace steel. In Scenario 5, which retained the tax exemption and set the carbon tax rate at JPY 10,000/t-CO2, the tax rates were JPY 2.6/kg for blast furnace steel and JPY 2.4/kg for electric furnace steel, respectively. The rate of increase in product prices was 3.3% for blast furnace steel and 3.0% for electric furnace steel; thus, there was no significant difference.



There are two types of aluminum: primary aluminum, which is produced from bauxite, and secondary aluminum, which is made from scrap. The production of primary aluminum consumes large amounts of electricity. The last primary aluminum production plant in Japan was closed at the end of March 2014, and Japan is now entirely dependent on imports. Therefore, all GHGs from primary aluminum production processes is emitted overseas and were not subject to a carbon tax. The tax amount of primary aluminum was JPY 0.0/kg, but the tax amount of secondary aluminum in Scenario 5 was JPY 10.9/kg, which increased the product price by 4.1%.



Comparing kraft pulp made from wood, the raw material for paper, and recycled paper pulp made from used paper, the tax amount was lower for recycled paper pulp in all scenarios. The increase in the product price was also lower for recycled paper pulp at 5.7% compared to 11.8% for kraft pulp in Scenario 5.




3.6. Transportation


The change in tax per tonne-kilometer (tkm) for major types of freight transports is shown in Figure 7. At present, the highest tax amount was levied on domestic air transport (JPY 11.2/tkm), mainly because of the aviation fuel tax. This was followed by truck transportation (JPY 1.9/tkm), which is mainly subject to the diesel oil delivery tax.



In Scenarios 1 and 2, where the diesel oil delivery tax was eliminated and the shift to a carbon tax was made, the tax amount for truck transportation was decreased, but in the other scenarios, it was increased. For example, in Scenario 5, the increase in the carbon tax was larger than the decrease in the diesel fuel delivery tax, and the tax for truck transportation increased to JPY 3.3/tkm from JPY 1.9/tkm in the present.



A similar trend was observed for the amount of taxes on domestic air transportation. In Scenario 1, aviation fuel on regular domestic routes was exempted from the carbon tax, making it lower. In Scenario 2, where aviation was no longer exempted from the tax, the tax increased to JPY 7.4/tkm, but was still lower than the present price because the aviation fuel tax was eliminated. In Scenario 5, price changes were small for both coastal transportation and air transportation, although they were not zero because of the impact during fuel production. Railway transport increased in price by 3.5% in Scenario 5, owing to higher electricity prices.




3.7. Services


The change in the tax per yen for some service activities is shown in Figure 8. For each service, the tax amount increased as the carbon tax increased. In particular, the tax on bathhouse services increased from JPY 0.01/JPY to JPY 0.07/JPY in Scenario 5. This is equivalent to a 5.9% increase in the price of services. Many bathhouse sites use fossil fuels for their boilers, so they are susceptible to the carbon tax hike. On the other hand, hairdressing and advertising, which are high value-added services, were less affected by the carbon tax hike, and in Scenario 5, the service price increase was only 1.4% and 1.8%, respectively.





4. Discussion


A carbon tax is an economic policy instrument that encourages low-carbon consumption behavior through prices. In the example of cucumbers and tomatoes, the rate of change in product prices was about the same for outdoor cultivation and facility cultivation, but the price increase for facility cultivation was larger. Therefore, by making seasonal vegetables relatively cheaper, it is expected to encourage the consumption and production of seasonal vegetables. In the case of meat consumption, the price increase range for beef was also larger than that for pork and chicken, and this is expected to encourage a change in consumption behavior. Beef has significant environmental impacts, such as water consumption in addition to climate change, and shifting to chicken and plant-based diets can reduce environmental impacts [40].



However, the rate of the price increase for grains tended to be higher than that of vegetables and fruits, by more than 5%. Since grains are a necessity for daily life, the impact on household budgets needs to be carefully analyzed when increasing the carbon tax. Similarly, energy, such as electricity and gasoline, is another necessity for life. Changes in energy prices are generally large, and in Scenario 5, electricity and gasoline prices were calculated to increase by 8.4% and 24.0%, respectively. When prices rise, people will use other products that can be substituted, or they will not purchase them, which will reduce demand. It is known that a decrease in demand due to price hikes or price elasticity is lower for necessities [41]. Since rising food and energy prices cause regressivity, some kind of countermeasure using tax revenues would be necessary.



For plastics, steel, and paper, the carbon tax increase for recycled materials was found to be less than that for primary materials. Although the quality of recycled materials may deteriorate due to impurities, the economic incentive to use recycled materials is considered to be stronger.



Because primary aluminum was imported from overseas, the impact of the carbon tax hike was more apparent in secondary aluminum, and it made more incentive to use primary aluminum on the market. It was pointed out that the introduction of a carbon tax leads to carbon leakage, which will increase production activities overseas that are not subject to taxes. Carbon leakage is an unintended policy consequence of the introduction of carbon taxes. It is recommended that carbon leakage should be considered when strengthening the carbon tax. This is especially true in Japan, where all primary aluminum is imported, but similar caution is needed for other products. The introduction of a border carbon adjustment has been proposed as a countermeasure, but there are issues in its introduction, such as setting an appropriate tax amount and ensuring consistency with international trade rules [42].



4.1. Scenarios


In Scenario 1, all existing energy taxes were shifted to a carbon tax, while maintaining present tax revenues, resulting in the decrease in the price of some products, especially in the transportation sector, where the present tax per carbon was high. In many countries, it is common to heavily tax gasoline and diesel oil for road transport [30], and the same is true if a similar policy is adopted in these countries. Gasoline tax, aviation fuel tax, and electricity tax are all taxes with fixed purposes for spending, but they were eliminated in Scenario 1. Therefore, it is necessary to expand the use of the current carbon tax and allocate it to, for example, public work for airports and measures for nuclear safety regulation. In addition, since a portion of the gasoline tax (JPY 236 billion in 2020 FY budget) is a general fund of local governments, it is necessary to transfer a portion of the carbon tax to local governments.



Scenario 2 analyzed the impact of tax exemptions and refunds. Sugino (2021) [10] does not take tax exemptions/refunds into account and is, therefore, similar to this scenario. This study [10] left out energy tax and used the Input–Output table, so it is not possible to compare the figures due to different assumptions, but the results are the same, in that a large price increase is expected in the steel and plastic sectors. Tax exemptions and refunds are provided mainly to the steel and petrochemical industries, which are exposed to international competition. If these were to be eliminated, prices would rise significantly (iron and steel, median 9.3%; chemicals, median 4.6%). Energy tax is exempted or reduced for specific industries and products in many countries; however, some countries, such as Norway and Sweden, are gradually reducing their exemptions [1]. In Japan, it is recommended to promote the development of low-carbon technologies, such as the steelmaking process by hydrogen reduction and the domestic recycling of plastics.



Scenario 3 assumes the values discussed as the tax amount around 2030 [35]. It was found that even with the tax exemption remaining for specific industries and products, product price increases of several percent still occurred, especially in the materials industry. In addition, it is necessary to pay attention to carbon leakage, which was more pronounced in Scenario 5.



In Scenario 4, a carbon tax was imposed on all GHGs. There is a precedent for the introduction of such a policy. For example, Iceland started taxing F-gas emissions in 2020 [1]. In Japan, businesses are required to report the amount of GHG emissions to the government by the Act on Promotion of Global Warming Countermeasures. However, there are some cases, such as CH4 emissions from rice paddies, where it is difficult to measure the entire amount of such GHGs. The industries that will be mainly affected by introducing this policy are agriculture and the food sector. In particular, rice, the staple food of Japanese people, is expected to increase in price. If this policy is introduced, it is necessary to use a uniform coefficient for the tax calculation or to narrow down the scope of industries because impacts on households are expected to be large [41].



Scenario 5 was calculated with the value discussed as the possibility of taxation in the medium to long term. The range of price increases for each product and service was larger than that in Scenario 4. Although it would be difficult to introduce such a tax rate at present, as the decarbonization of the society progresses, tax revenues are expected to gradually decrease under the present tax rate. Therefore, even if a higher tax is introduced, its impact on the society will be mitigated. However, if a society with net zero GHG emissions is realized, tax revenues in Scenario 5 will also decrease significantly, and other sources of revenue will need to be considered to maintain tax revenues.




4.2. Comparison with GHG Emissions


Figure 9 plots the hypothetical tax amount calculated by imposing a carbon tax of JPY 10,000/t-CO2 on the cumulative CO2 emissions of the products included in IDEA ver. 2.3, and the calculation results of the tax amount in Scenario 5. The cumulative CO2 emission is the total amount of CO2 emitted until the product is provided. The results of the calculations for CO2 emissions and Scenario 5 show almost the same trend, with a correlation coefficient of 0.990.



A lower value for Scenario 5 was found for aluminum rough drawing wire. This is because it uses a large amount of primary aluminum, which is excluded from the Japanese carbon tax.



Another process with a low value for Scenario 5 was the incineration of plastic waste. In this process, CO2 from fossil fuels is released into the atmosphere owing to the incineration of waste plastics. Therefore, life-cycle CO2 emissions were recorded. However, no carbon tax was levied when waste plastic was received. The same can be said for the combustion of blast furnace gas (BFG) and the combustion of Linz–Donawitz converter gas (LDG). In IDEA ver. 2.3, the environmental impact of by-product gases is defined as the emissions generated during the combustion of such by-product gases. Therefore, although there were CO2 emissions associated with this energy use, no carbon tax was imposed for CO2 in Scenario 5.



The process of imposing a carbon tax can be changed from fuel production and electricity generation processes to actual CO2 emission processes, such as BFG and LDG combustion processes. However, the present method of taxing fossil fuels at the time of use is also expected to provide incentives for plastic recycling, as shown in Figure 5. Because it is difficult to measure the actual CO2 emissions from these combustion processes, it would be less costly to use the existing taxation system based on the amount of fuel used.



The same is true for pre-combustion fuels. The carbon tax is levied on diesel oil and gasoline even before they are burned, so that the amount of taxation is high compared to the amount of CO2 emissions generated, up to the time of fuel production. However, because most of these fuels will eventually be burned, there will be no problem with taxation at this stage.



On the other hand, the tax on biomass waste treatment, such as sewage sludge and wood waste, was higher than that on CO2 emissions. This is due to the CH4 emitted during the treatment of these wastes. The same applies to wood combustion; the impact of CH4 and N2O generated during wood combustion increased the tax in Scenario 5. Currently, these GHGs are not taxed; however, the cost of waste disposal and biomass energy increased in Scenario 5. In addition, the carbon tax on miscellaneous non-ferrous metal die casting was higher than that on CO2 emissions. This was because SF6 is used as a flame-retardant gas when magnesium is used as the raw material in this process. SF6, which has a high GWP, is released into the atmosphere from this process and contributes to a high tax rate.




4.3. Taxation Analysis Using the Process-Based LCA Database


Using the process-based LCA database, impacts on product prices were analyzed at the product level. While previous studies using the Input–Output table [9,10] had an analytical granularity of approximately 400 categories and the CGE model had 27 categories [11], this study, using the process-based database, was able to achieve approximately 4700 categories. As shown in Figure 1, there was a large range of price changes among products, even within the same industry sector. For example, if economic incentives are given to encourage the purchase of seasonal vegetables, consumers may purchase them to mitigate the impact on household budgets.



The finer granularity of the calculation allows such an analysis to be performed in more detail. Companies evaluate the life cycle environmental impact of their own products using LCA databases when designing products. Using this method, companies can assess the environmental impact, as well as the risk of future cost increases. A mechanism has been proposed to rebate the carbon tax for export products that are exposed to international competition. By using this method to analyze the cumulative tax amount, the amount of rebate can be discussed based on transparent data. There are other process-based LCA databases worldwide, such as ecoinvent. The same type of analysis may be possible in these databases.



While the process-based LCA database has an advantage in product-level assessments, its data on international supply chains are weaker than those of MRIOs, such as EXIOBASE [43] and EORA [44]. Therefore, in this analysis, only processes that could be clearly identified overseas were evaluated as tax exclusions. In reality, this is not simple because some of the products are imported from overseas, but these data are not maintained in IDEA ver. 2.3. Therefore, this study underestimates the percentage of tax exclusions overseas. In addition, product unit prices change daily depending on supply and demand conditions. They also change depending on the type of purchase, such as discounts for large purchases. In this study, we used the price database included in IDEA ver. 2.3 for estimating price changes; however, it is recommended that companies use primary data as much as possible when conducting this analysis.



In this study, we excluded the levy in the feed-in tariff system for electricity because it is not a tax. However, it is possible to include the levy in the analysis by using this method.





5. Conclusions


To reduce GHG emissions in societies, carbon taxes have been gradually introduced around the world. In Japan, in addition to the existing energy tax, the Special Taxation for Climate Change Mitigation, or carbon tax, was launched in 2012, and the rate has gradually been increased. However, the tax amount is still low, and discussions on increasing the tax amount have started. In this study, we analyzed the impact of a carbon tax increase on product prices at the product level using a process-based LCA database. Compared to the analysis of approximately 400 categories using the Input–Output table, the process-based LCA database enabled analyzing at a detailed granularity of approximately 4700 categories. For example, we found that the rate of price increases differs greatly among products, even in the same industrial sector.



In the agricultural sector, the price increase in seasonal vegetables was suppressed. The unit price of beef products increased by 1.4% if the carbon tax was increased to JPY 5000/t-CO2, and by 7.3% if other GHG emissions, such as CH4 and N2O, were also taxed, while pork and poultry price increases were smaller. The introduction of a carbon tax would create economic incentives for consumers to change their diet to a low-carbon one. However, the rate of increase in the unit price of grains, such as rice and wheat, was higher than that of vegetables. The rate of increase in the prices of daily necessities, such as electricity and gasoline, was also high, so the tax is likely to be regressive. Countermeasures using tax revenues will be necessary.



For plastics, steel, and paper, the carbon tax increase for recycled materials is smaller than that for primary materials. Although the quality of recycled materials may not be the same as that of primary materials, the economic incentive to use recycled materials is expected to be stronger. However, there will be no impact of the carbon tax hike on products imported by foreign countries, such as primary aluminum. Because carbon leakage occurs, it is necessary to introduce appropriate measures.



It was found that the CO2 emissions of products in the LCA database differed slightly from the assumed carbon tax in the Scenario 5. By analyzing the differences, the risks of carbon leakage and the missing taxation coverage can be cleared. For example, SF6 emitted from the non-ferrous die casting process is currently not subject to taxation, but if it were to be taxed, the impact would be non-negligible.



The method applied in this study, which uses a process-based LCA database that expresses the connections between detailed industrial processes, mostly using physical flows, enables companies to assume changes in the prices of procured products due to policy changes on energy and carbon tax, and policymakers to analyze the impact on specific products. When designing a mechanism to rebate carbon taxes on exported products, we recommend using this method to discuss the scope of products to be rebated and reasonable rebate amounts. In particular, if the upstream side contains tax-exempt processes/products, the refund will be excessive if this is not taken into consideration. Although this method calculates the general value of each product, the supply chain of the same product may differ depending on the company. In practice, strict operation, such as proof of supply chain, may be required. Since process-based LCA databases exist in other countries, it is recommended to make effective use of these databases. However, since international trade data of process-based LCA databases are weaker than those of MRIOs, further expansion of overseas data is needed.
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Figure 1. Percentage change in product prices by taxation scenario. The boxes show the inter quartile range (IQR). The horizontal lines in the boxes are the median. The whiskers indicate maximum or 3rd quartile +1.5 IQR and minimum or 1st quartile −1.5 IQR. (a) Sectors with relatively large price changes, (b) other sectors. 
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Figure 2. Changes in product taxes and product prices in agriculture under different taxation scenarios. The bar graphs show the present taxation breakdown. The percentage change in product prices compares the present with Scenario 5. 
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Figure 3. Changes in product taxes and product prices in livestock under different taxation scenarios. The bar graphs show the present taxation breakdown. The percentage change in product prices compares the present with Scenario 5. 
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Figure 4. Changes in product taxes and product prices in energy under different taxation scenarios. The bar graphs show the present taxation breakdown. The percentage change in product prices compares the present with Scenario 5. 






Figure 4. Changes in product taxes and product prices in energy under different taxation scenarios. The bar graphs show the present taxation breakdown. The percentage change in product prices compares the present with Scenario 5.



[image: Energies 14 01986 g004]







[image: Energies 14 01986 g005] 





Figure 5. Changes in product taxes and product prices in chemicals under different taxation scenarios. The bar graphs show the present taxation breakdown. The percentage change in product prices compares the present with Scenario 5. 






Figure 5. Changes in product taxes and product prices in chemicals under different taxation scenarios. The bar graphs show the present taxation breakdown. The percentage change in product prices compares the present with Scenario 5.



[image: Energies 14 01986 g005]







[image: Energies 14 01986 g006] 





Figure 6. Changes in product taxes and product prices in materials under different taxation scenarios. The bar graphs show the present taxation breakdown. The percentage change in product prices compares the present with Scenario 5. 






Figure 6. Changes in product taxes and product prices in materials under different taxation scenarios. The bar graphs show the present taxation breakdown. The percentage change in product prices compares the present with Scenario 5.



[image: Energies 14 01986 g006]







[image: Energies 14 01986 g007] 





Figure 7. Changes in product taxes and product prices in materials under different taxation scenarios. The bar graphs show the present taxation breakdown. The percentage change in product prices compares the present with Scenario 5. 
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Figure 8. Changes in product taxes and product prices in services under different taxation scenarios. The bar graphs show the present taxation breakdown. The percentage change in product prices compares the present with Scenario 5. 
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Figure 9. Comparison of the carbon tax in Scenario 5 and the calculated carbon tax based on cumulative CO2 emissions when the CO2 price is JPY 10,000. Data are plotted in log-log scale. 
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Table 1. Energy tax in Japan (modified from [31]).
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Name of Tax

	
Tax Rate 1

	
Tax Revenue

(2020 FY Budget)

	
Revenue Spent for






	
Gasoline tax 2

	
JPY 53.8/L

	
2440 Bn

	
General budget




	
Oil and gas tax

	
JPY 17.5/kg

	
12 Bn

	
General budget




	
Diesel oil delivery tax

	
JPY 32.1/L

	
964 Bn

	
General budget




	
Aviation fuel tax

	
JPY 18.0/L

	
69 Bn

	
Public works for airports




	
Petroleum and coal tax

	
Pet./Oil products: JPY 2.04/L

LPG, LNG, etc.: JPY 1.08/kg

Coal: JPY 0.70/kg

	
655 Bn

	
Policies for stable fuel supply

Policies for modernization of the energy demand/supply structure




	
Carbon tax 3

	
Pet./Oil products: JPY 0.76/L

LPG, LNG, etc.: JPY 0.78/kg

Coal: JPY 0.67/kg




	
Electricity tax 4

	
JPY 0.375/kWh

	
315 Bn

	
Policy measures for where power plants are located

Policies measures for utilization of power source

measures for nuclear safety regulation








1 As of Jan. 2021; 2 local gasoline tax is included; 3 the official name is Special Taxation for Climate Change Mitigation; 4 The official name is electric power development promotion tax.













 





Table 2. Tax exemptions and refunds for energy taxes considered in this study.
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	Name of Tax
	Tax Exemption/Refund





	Gasoline tax
	-



	Oil and gas tax
	-



	Diesel oil delivery tax
	Agriculture, forestry, wood processor, and fishery



	Aviation fuel tax
	-



	Petroleum and coal tax
	Naphtha for manufacturing petrochemical products

Coal used in the manufacturing of steel, coke, and cement

Coal used for electricity generation in Okinawa Pref.

Heavy oil (A type) used in agriculture, forestry, wood processors, and fishery

Domestic petroleum asphalt



	Carbon tax
	Diesel oil and heavy oil used for coastal transportation

Coal for on-site power generation in the salt manufacturing industry used in the ion exchange membrane process

Coal and petroleum products for use in the generation of electricity for the production of caustic soda

Diesel oil used for railway business

Aviation fuel used for domestic scheduled air transport services



	Electricity tax
	-










 





Table 3. Number of elementary flows on taxation, tax exemption/refund, and overseas tax exclusion input into inventory database for environmental analysis (IDEA) database.
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	Name of Tax
	Number of Taxation Flows
	Number of Tax Exemption/Refund Flows
	Number of Overseas Tax Exclusion Flows





	Gasoline tax
	1
	-
	3



	Oil and gas tax
	1
	-
	-



	Diesel oil delivery tax
	1
	420
	-



	Aviation fuel tax
	1
	-
	-



	Petroleum and coal tax
	Crude oil: 1

Natural gas: 1

Coal: 2
	Crude oil: 396

Natural gas: 1

Coal: 23
	Crude oil: 253

Natural gas: 67

Coal: 13



	Carbon tax
	Crude oil: 1

Natural gas: 1

Coal: 2
	Crude oil: 842

Natural gas: 2

Coal: 26
	Crude oil: 253

Natural gas: 67

Coal: 13



	Electricity tax
	134
	-
	28










 





Table 4. Scenarios for estimating the price change of products due to a change in the carbon tax policy.
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	Name of Tax
	Energy Tax

(Exc. Carbon Tax) 1
	Carbon Tax
	Domestic Tax

Exemption/Refund
	Taxing Other Greenhouse Gases





	Present
	Yes
	Present (JPY 289/t)
	Yes
	No



	Scenario 1
	No
	JPY 5000/t
	Yes
	No



	Scenario 2
	No
	JPY 5000/t
	No
	No



	Scenario 3
	Yes
	JPY 5000/t
	Yes
	No



	Scenario 4
	Yes
	JPY 5000/t
	Yes
	Yes



	Scenario 5
	Yes
	JPY 10,000/t
	Yes
	Yes







1 If the total amount of energy taxation is converted per t-CO2, it is equivalent to approximately JPY 4000/t-CO2. However, the tax amount differs depending on the energy type. See Table 1 for further details.
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