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Abstract

Consumption-based emissions have increased rapidly during the last few decades and measures

to battle climate change have included numerous initiatives to reduce greenhouse gas emissions.

The European Union is currently in the process of implementing its new Carbon Border

Adjustment Mechanism, to level the playing field between domestic producers and importers by

setting the same requirements concerning carbon emissions. This mechanism is supposed to

minimise carbon leakage by applying carbon tariffs to EU actors importing goods from countries

outside the EU.

This paper investigates how carbon tariffs affect global trade flows by analysing the possible

effect on the EU’s imports from China in the production sectors covered by the proposed first

phase of CBAM. The theoretical framework is loosely based on the Gravity Model of trade

theory. Price sensitivity and embodied emissions are estimated to study the effect of the carbon

tariff in a regression model, with the results suggesting a significant decline in demand for

Chinese imports.

Keywords: CBAM, Carbon Border Adjustment Mechanism, Carbon Tariff, Price Sensitivity,

Carbon Trading Market
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1. Introduction

The Economist (2021a) states that “China is the world’s biggest polluter”, mainly because of fast

industrialisation and economic growth. Several studies have analysed the fact that global

consumption-based emissions have increased rapidly during the last few decades and concluded

that the main driving force is increased trade with China after the country’s entry into the World

Trade Organisation (WTO) in 2001 (Weber et al., 2008; Yunfeng and Laike, 2010; Vennemo et

al., 2008). Weaker environmental institutions in China have entailed lower production costs, and

made Chinese firms more competitive, particularly in carbon-intensive industries (Andersson,

2017).

The European Union’s Green Deal is an attempt to tackle climate change and was proposed by

the European Commission (EC) in December 2019, adopting a set of proposals to make the

union’s policies fit for reducing greenhouse gas (GHG) emissions. The objective is at least a 55%

reduction by 2030 (compared to 1990 levels), and achieving net zero emissions by 2050 (EC,

2019). In 2005, The European Union implemented the first international emissions trading

system in the world, the EU ETS, to reduce GHG emissions. The ETS works as a cap-and-trade

program, where a cap is set on the allowed amount of emissions in the region (EC, n.d.). The EU

is now in the process of implementing a Carbon Border Adjustment Mechanism (CBAM) with

the main purpose of preventing carbon leakage, phasing out the system of free emission rights

previously included in the ETS, as well as encouraging partner countries to increase further

measures on carbon pricing. The CBAM will function as a carbon tariff placed on the EU

importer, resulting in increased costs for importing carbon-intensive goods. The first phase is

proposed to include imports of iron and steel, fertilisers, aluminium, cement and electricity

generation. (EC, 2021).

In 2020, 8% of China’s exports went to EU member countries, valued at approximately 12.6

billion USD (Chatham House, 2021). The hypothesis of the study is that CBAM will presumably

change the trade flows to the EU, and this paper aims to research how specifically China’s

exports and competitiveness with EU producers will be affected by the CBAM. This is

accomplished by loosely applying theory from the Gravity Model in trade theory, and calculating

the price elasticity of tariff-affected goods, as well as embodied carbon emissions in the
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production process to apply a carbon tariff on the product prices. Additionally, the study touches

on the subject of whether the CBAM can incentivise other countries outside the EU to engage in

equivalent carbon-trading market initiatives.

Results indicate that import costs will increase significantly with the implementation of the

CBAM certificates. The sector most affected by this is surprisingly not the most carbon-intensive

one, fertilisers, but instead aluminium, which however represents the largest import weight of the

three sectors analysed: aluminium, fertilisers and cement. The imposed carbon tariff will

decrease import demand and likely relocate trade to within the EU where the costs for carbon

emissions are applied to the producer. This should spark an incentive for global producers to

develop more sustainable production industries, as the EU importers will favour carbon-efficient

producers due to lower import costs.

The remainder of the study is structured as follows: the next section (2) details the functionality

of CBAM as well as China’s newly implemented carbon trading market. Section 3 describes the

methodology and data used for the study. Section 4 presents the results attained from the data,

followed by a discussion of the results and potential implications in section 5.
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2. Carbon Trading Markets

2.1 Carbon Border Adjustment Mechanism

CBAM is focused on the imports of carbon-intensive products, to prevent the EU’s efforts to

reduce GHG emissions from being countered by the import of products manufactured in

countries outside the EU. It also aims to create a level playing field between producers in the EU

(who pay tax on emissions through the ETS) with producers outside the EU who do not have to

bear the extra cost (The Economist, 2021b). The purpose of the pricing is that it should be high

enough to encourage green investments and more environmentally friendly production.

The functionality of CBAM is rather simple. In the proposal, the European Commission states

that EU importers will be required to purchase carbon certificates corresponding to the carbon

price as if the goods would have been produced in the EU or any country covered under the EU

ETS. However, if a non-EU producer can show through an independent verification process that

the carbon used in production has already been paid for domestically, the certificate cost is fully

removed from the EU importer’s bill. In hope of providing businesses and other countries with

legal certainty and stability, the EC states that “the Carbon Border Adjustment Mechanism will

be phased in gradually and will initially apply only to a selected number of goods at high risk of

carbon leakage: iron and steel, cement, fertilisers, aluminium and electricity generation.” The

phasing-in of CBAM is proposed as the start of a reporting system from 2023 regarding the

products stated above, in hopes of stimulating a smooth roll-out and easing dialogue with third

countries. A later phase includes the importers starting to pay a financial adjustment in 2026 and

phasing out the free allowances previously allowed in the EU ETS. (EC, 2021)

In the proposal of CBAM, the price of emissions certificates will be based on the weekly average

auction price of EU ETS allowances, in euros per metric tonne of carbon dioxide emitted.

CBAM is designed to secure the avoidance of carbon leakage as well as ensure equal treatment

of locally made products and imports from countries outside the EU, by guaranteeing that

importers and domestic producers pay the same carbon price. (EC, 2021).

The CBAM proposal has met a lot of criticism. The EC claims the mechanism to be compatible

with WTO regulations and fair by requiring the same standards from importers as domestic
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producers. However, countries outside the region have expressed their concerns. The Australian

Prime Minister has called carbon tariffs “trade protectionism by any other name”, and Russia

declared that the CBAM could violate trade rules. (Blekinsop, 2021)

Exporting companies in countries with already established forms of an ETS may adjust smoothly

to the CBAM, but in others, exporters would be required to supply extensive information on their

emissions during production. Furthermore, since the mechanism only covers certain products, the

exporting manufacturers could be incentivised to switch products to possible substitutes not

subject to charges. In some cases, the production of other components may be greener, and in

others, they would simply not be subject to the additional costs and global emissions would not

fall. (Blekinsop, 2021)

2.2 China’s ETS

On February 1, 2021, China’s carbon trading market came into effect, immediately becoming the

largest carbon market in the world (by volume), covering over 4 gigatonnes of carbon-dioxide

emissions (IEA, 2021). This is part of the Chinese strategy aiming to reduce GHG emissions by

60% by 2030 and attain net zero emissions by 2060. However, unlike the EU ETS, the program

does not include a total emissions cap. Instead, it rates polluters after benchmarks of size, carbon

intensity and fuel type. Expectations on the trading market were that it could cover more than

70% of the domestic carbon-emitting industries, although the first phase only touches roughly 2

000 power generators, with the generator sector as a whole covering approximately 30% of

China’s emissions. Furthermore, polluters that exceed their emissions cap need only pay for 20%

of the overextended emissions, and the maximum value of any fines is set at 30,000 yuan,

corresponding to just over $4,600. (The Economist, 2021a). Currently, metals are not included in

the trading system, but this may change in later stages of implementation. However, the

production costs for aluminium, iron and steel will increase as a result of the rising prices of

fossil fuels for production, as determined by the framework of the Chinese ETS. Accelerated

climate action may bring substantial benefits for China in promoting its emerging position as a

leader in global clean energy technology. (IEA, 2021)
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3. Methodology

3.1 The Gravity model

The theoretical basis for this study has its foundation in the Gravity Model, which is based on

Newton’s Law of Gravity, although in the way that countries trade in proportion to their

respective market size and proximity (Yotov et al., 2016). The economic control variables in this

study differ somewhat from the variables proposed in the model, as proximity need not be the

physical distance between the countries, but could apply to trade facilitation as the inclusion in

the WTO.

The gravity model is typically used as an ex-post model, analysing the effects of an already

enforced trade policy. Therefore, this study will use the theory as an underlying assumption that

when trade costs increase due to imposed barriers, in this case the CBAM tariff, trade volume

should decrease. Intuitively, the size of trade between countries is not just determined by the

trade costs between them, but also by the costs of trading with other countries, including itself.

This suggests that the trade costs for intraregional trade within the EU should also be considered

when determining the effects of the EU’s trade with China. If the trade costs for intraregional

trade within the EU are lower than when trading with China after the implementation of CBAM,

EU importers will likely relocate the trade towards countries within the EU.

The gravity model assumes that the relationship between trade variables is not linear, and to

estimate the coefficients in linear regression, the use of a logarithmic regression model is

commonly used.

3.2 Price elasticity of demand

To determine how the implementation of the CBAM will affect Chinese exports to the EU the

elasticities of demand on the commodity prices are calculated. The elasticity determines the shift

in demand due to a change in the price of a good or service. CBAM can be considered as a tax on

the imports of goods from the affected sectors, applied to the importing party if not supplied by

the exporter, consequently increasing the importing price of said goods. High elasticity for a
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good means that a percentage increase in the price would result in a percentage decrease in

demand larger than the initial price increase, and reversely for low elasticity.

The price elasticity of demand is calculated as

(1)𝑒
(𝑝)

= 𝑑𝑄/𝑄
𝑑𝑃/𝑃

where the percentage change in demand (Q) is divided by the percentage change in the price (P)

to determine the price sensitivity and the subsequent effects of a price change on the demanded

quantity of the good. This is typically done by using a log-log model regression analysis, taking

the natural logarithm of both sides in the function as shown below.

(2)𝑙𝑛 𝑦 = 𝛽
1
 𝑙𝑛𝑥

1
 + 𝛽

2
𝑙𝑛𝑥

2
 +... + 𝛽

𝑛
𝑙𝑛𝑥

𝑛
+ ε

Using a log-log model is of added use as the model is assumed to be non-linear, whereas the log

transformation generates the required linearity for an OLS regression.

For this study, there is a unit increase with the implementation of CBAM, as the prices will

increase by a nominal amount, and not a percentage change. Therefore, the semi-elasticity is

calculated using a semilogarithmic model, representing the percentage change in demand by a

unit shift in the average price per tonne (USD/1000 kg). This is calculated by logging the

dependent variable (Trade volume in tonnes) and the control variables, but not the price variable.

This will therefore be presented as

(3)𝑙𝑛(𝑇𝑟𝑎𝑑𝑒) =  𝛽
1
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑝𝑟𝑖𝑐𝑒 + 𝛽

2
𝑙𝑛𝑥

2
 +... + 𝛽

𝑛
𝑙𝑛𝑥

𝑛
+ ε

3.3 Data

The dataset for the study is a panel data set, collected from the Chatham House Resource Trade

Database (CHRTD), including the 27 EU member countries. Further, the EEA/EFTA countries

are also covered under the EU ETS and will be included in the CBAM. Lichtenstein was

removed from the study due to a lack of data, together with Switzerland which has its own ETS

that is seemingly not covered by the CBAM. The study thereby includes 30 countries in the

sample, including China.
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To most effectively analyse the effects of CBAM on future trade, the dataset covers trade values

from Chinese exports to European importers from 2016 to 2020, as these are the most recent

trade statistics available. The study focuses on direct trade, as including a third country in the

trade process would mean more extensive institutional variations that could cause discrepancies

in the data.

Electricity generation as a category was excluded from the study, as Chinese energy exports in

2020 were solely distributed to countries outside the EU, with more than half of it going to Hong

Kong, followed by Macao, Mongolia, Vietnam and other countries in the area (Harvard

University, 2022). Furthermore, the production of iron and steel was also excluded due to a lack

of comparable data on carbon emissions in production, without which it is not possible to analyse

the effects of a carbon tariff such as CBAM. The data is thereby divided into the following three

categories: aluminium, cement and fertilisers. CHRTD provides the imported weights of the

resources as well as values. The resource groups of cement and aluminium are provided in the

data set with embodied carbon-dioxide emissions, whereas those for fertilisers are calculated

manually (see more in section 3.3.2).

3.3.1 Carbon price per tonne CO2

As it is proposed that the price of CBAM certificates will be based on the weekly average price

of emissions allowances (EUA), this study is based on the assumption that the CBAM

certificates will correspond to the average price of EUA. The price of carbon permits under the

EU ETS has been fluctuating around approximately 80 euros per tonne during 2022 (Statista,
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2022) and this is therefore the assumed value of the CBAM certificates required for the imported

goods covered by the mechanism. Assuming parity between the dollar and euro as they have

lately fluctuated around that level in the current economic climate, this carbon price is simply

transformed into USD carrying the same value as before. All of the results will thereby be

presented in USD.

3.3.2 Calculating emissions for fertiliser production

As the dataset from CHRTD does not include embodied carbon emissions for fertiliser

production, they are estimated manually. With the help of previous research that has already

estimated these industry emissions in China, the embodied emissions are calculated in the export

weights of the resource.

Synthetic nitrogen (N) is used extensively in conventional fertilisers and has played a pivotal role

in enhancing food production. China is the largest producer and consumer of N fertiliser, and in a

study conducted by Zhang et al. (2013), the carbon footprint of China’s N fertiliser production is

estimated. They find that for every tonne of N fertiliser manufactured, 13.5 tonnes of

CO2-equivalent is emitted, which is substantially higher than the equivalent of 9.7 in European

manufacturing of N fertiliser. China produced 54 million tonnes of fertiliser in 2020, nitrogenous

fertiliser being the most dominant one (Statista, 2021). Therefore, the study continues under the

assumption that the average emissions of Chinese fertiliser production correspond to 13.5 tonnes

of CO2 per manufactured tonne.

3.3.3 Control variables

So as not to include variations that are not explicitly affected by the price change, additional

variables are added to control for variations in demand not correlated to price shifts. As proposed

in the Gravity Model (explained in 3.1), the economic size of the exporter and importer tends to

affect bilateral trade as large economies tend to trade more. The economic size of the trading

partners is included in the analysis in the form of Gross Domestic Product (GDP). Additionally,

the exchange rate between the exporting and importing country is added, as this intuitively

would affect the bilateral trade. If the Export/Import exchange rate increases, for example, the

importer currency depreciates against the exporter currency making it more costly for the

importer to trade. This would result in decreased trade, establishing the assumption that the
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exchange rate should have a negative relationship with the dependent variable. Finally, the

alternative price for importing from within the EU should affect the demanded trade volume

from China, since the importer would most likely choose the cheaper price, all else equal. If the

EU price is cheaper than the Chinese price, the demanded trade volume from Chinese exports

would presumably decrease. Hence, a dummy for the price ratio is included in the regression,

valued at 0 if the European price is more expensive than the Chinese and 1 otherwise.

(4)𝑙𝑛(𝑇𝑟𝑎𝑑𝑒) = β
1
𝑃𝑟𝑖𝑐𝑒 + β

2
𝑙𝑛(𝐸𝑋𝐶𝐻) + β

3
𝑙𝑛(𝐺𝐷𝑃

𝑒𝑥𝑝
) + β

4
𝑙𝑛(𝐺𝐷𝑃

𝑖𝑚𝑝
) + β

5
𝑑

𝑝𝑟𝑖𝑐𝑒

The European price is not simply added as a variable since changes in the Chinese price and the

European price could be closely correlated. For example, average prices may increase due to

worldwide inflation or production shortages. This would cause measurement errors in the

estimated coefficients. Focusing only on the cut-off price, showing if the European is higher than

the Chinese, we should be able to see an effect on demand in Chinese exports when the prices

increase (a description of the variables and data sources is provided in Appendix A.).

13



4. Results

4.1 Price Sensitivity

The results by regression with random effects, suggested by the Hausman test, and robust

standard errors show estimates statistically significant on a 0.1% level in the average price and

GDP of the importing country. The estimates for the rest vary, with generally more statistically

significant estimates on the regression coefficients for aluminium. This could perhaps be

explained by there being more observations for that resource group in the dataset. To achieve

fully representative estimates in determining such large-scale trade as is viewed in this study,

many more variables would have to be considered. Statistical insignificance most likely indicates

that not enough data has been collected. However, the important variables needed for estimating

the carbon price effect are significant.
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As the semi-elasticity of the average price has been calculated, this can be interpreted as the

percentage decrease in trade weight caused by a 1 USD price increase. For example, a price

increase of aluminium by 1 USD should decrease the demanded volume by 0.0812%. Intuitively,

the price dummy is negatively correlated with the imported trade volume. By using the

Halvorsen & Palmquist (1980) correction for interpreting dummy variables in a semilogarithmic

equation, the dummy unit-effect is calculated as

(5)100 · (𝑒β − 1)

if the dummy switches from 0 to 1, where β is the coefficient of the dummy variable. The

dummy thereby causes a decrease in Chinese imports if the Chinese price becomes more

expensive than the EU price.

4.2 Carbon emissions in production

After estimating the coefficients in a regression analysis, average emissions per tonne

manufactured product are calculated and presented in Table 3. The emissions for fertiliser

production were manually calculated by the average of 13.5 tonnes emitted CO2 per

manufactured product, thereby lacking variation in the emissions data. Surprisingly the

emissions from cement production also lack variation, which can be explained by these having

possibly been calculated on an average by the Chatham House in the same manner as was done

manually for this study, and was not registered by each trade.

The aluminium sector is shown to have an average carbon footprint of 5.407 tonnes of CO2

emitted per tonne of manufactured product. Fertiliser production is the most carbon-intensive

sector with a CO2 equivalent of 13.5 tonnes, while cement is surprisingly low-intensive

compared to the others, emitting 0.84 tonnes of CO2 for every tonne manufactured product.
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4.3 CBAM-induced price shifts

The price shift caused by the added cost for CBAM certificates is as previously mentioned

proposed to correspond to the EU ETS certificate prices. With the assumption that a 1-tonne CO2

emission certificate costs 80 euros, this means that the average price per tonne of imported

aluminium from China would increase by approximately 432.56 euros, resulting in a price

increase of almost 17% from the initial price shown in Table 4.

From the results in Table 2, we can calculate the suggested demand decrease of Chinese imports

caused by the price increase, shown in Table 5. Aluminium and cement are not affected in the

dummy variable, as the EU price remains more costly than the Chinese for aluminium and

reversely for cement.

Fertiliser production has been shown to be heavily carbon-intensive compared to the other

product sectors, and this causes the average price to increase initially by 124% and decrease

Chinese imports by almost 12,730 tonnes. As fertiliser prices surge due to the high carbon

footprint of production the average Chinese price becomes more expensive than within the EU

(1,950 and 1,100 USD, respectively). Hence, the dummy variable value changes from 0 to 1.

This implies an added decrease in trade from the dummy variable by 65.53 tonnes. The import

weight from 2020 used to calculate the percentage change in demand is shown in Appendix B.
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5. Discussion

The changes in price and demanded quantity presented in Table 5 show that the largest decrease

in weight imports would not be caused by the largest increase in price, which is interesting. This

suggests that the aluminium sector is more price sensitive than the fertiliser sector, which affects

the total imports from China significantly as most imports from the studied product sectors come

from aluminium. Cement production is surprisingly carbon-efficient and was barely affected by

the carbon tariff price. Furthermore, the Chinese cement prices in 2020 were higher than the EU

prices, suggesting that the cement imports from China could be either very specific goods that

can only be imported from there, or that the produced volume within the EU does not cover the

demanded quantity, thereby importing the rest from China. This implies that the cement industry

will probably not be affected by the carbon tariff, as the price already is more costly than in the

EU.

The rising costs for aluminium and fertiliser imports applied to the EU importers will likely

cause them to shift trading partners to within the EU, given the opportunity. Because of the

already implemented carbon certificate costs for EU producers in the EU ETS, the importers will

not have to add the certificate costs of CBAM, making it cheaper to import certain products

(fertilisers) from within the EU than from China. This should spark an incentive for Chinese

producers to make their products less carbon-intensive, in order to maintain their export position.

The Chinese ETS is seemingly a step in that direction, and if subsequent phases include further

sectors, China could very well maintain or even increase its stance as the EU’s largest trading

partner.

Further studies on this subject could include the possibilities of importers switching to substitute

products, not covered by the carbon tariff, as well as include further production sectors that could

be covered in subsequent phases of the carbon trading market. The Chinese iron and steel

industry did not supply any data on embodied emissions during production, but as this is the

largest export sector for China to the EU, this will likely be heavily affected. The CBAM is not

implemented yet, and we haven’t seen the actual effects of it in practice, but this study does

imply that the mechanism will change the scenery of global trade, and possibly incentivise other

countries to decrease their carbon emissions in production. If not, the EU’s trade, as well as
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global trade due to the region being the world’s largest trading bloc, will likely develop to be

more protectionistic. Another interesting analysis would be to investigate the effects on exports

from more environmentally friendly production sectors in the EU, for example, the Green Steel

Industry in Sweden. As carbon emissions are included as a cost, countries with advanced

manufacturing facilities in “green production” will likely produce the future’s most desirable

products on the market.
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