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Abstract

The European petrochemical industry is facing significant challenges that
threaten its global competitiveness. Key challenges are the rising energy
costs and a global increase in overcapacity for critical petrochemical
building blocks, including ethylene, propylene, butadiene, benzene, mixed
xylol, and toluene (Berry C., 2024). The European Union Emissions Trading
Scheme (EU ETS), established with the aim to facilitate the reduction of
greenhouse gas emissions in the face of climate change, also imposes
further economic burdens on the industry. European emitters must purchase
CO, allowances (EUAs), while the Carbon Boarder Adjustment Mechanism
(CBAM) does not provide full compensation for imports of chemicals
from non-EU countries, exacerbating competitive disadvantages. This
study conducts a comparative analysis of the competitiveness between
the EU and the US in 2023, focusing on naphtha- and ethane-based steam
cracking. The calculation of variable production costs for 2023 shows
a competitive disadvantage for EU producers, with variable production
costs in Europe being $200-$380 higher per ton compared to the US. The
situation is further exacerbated by the cost of EUAs, which could increase
production costs by up to 11.5% by 2030. The introduction of the EUAs for
European CO, emitters without cost compensation by considering imports
via the CBAM leads to a further deterioration of the competitive situation.
EUAs costs could represent up to 11.5% of variable production costs by
2030, depending on the technology and forecast. This study highlights
the compounded impact of rising production costs and environmental
regulations on the competitiveness of European ethylene production.
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Introduction

The decision by Versalis, the petrochemical subsidiary of
the Italian oil company Eni, to close the steam cracker in
Porto Marghera (Italy) in 2021 highlights both an immediate
impact on the supply of petrochemicals (e.g., ethylene)
and potential long-term structural shifts in the European
petrochemical industry (Scafetta P, 2021). This closure,
which reduces Italy’s ethylene production capacity, signals

a broader trend: Italy, once a net exporter of ethylene, is now
becoming a net importer (Scafetta P, 2021). The steam
cracker, responsible for producing light olefins through the
energy-intensive process of thermal cracking, is a critical
part of the petrochemical value chain (Ren T, 2006). Steam
cracking (thermal cracking) is the most commonly used
process for the production of short-chain hydrocarbon
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compounds, including ethylene, propylene and aromatics
(Ren T, 2009; Haszeldine R, 1960). Naphtha, derived
from crude oil, is the primary feedstock used in steam
cracking, with naphtha accounting for 70% of the feedstock
used in European steam crackers in 2021, followed
by propane, butane, and liquified petroleum gas (LPG)
(cefic, 2024; Seifzadeh Haghighi S., 2013; Sedighi M., 2013).
In contrast, regions like the USA and the Middle East utilize
gaseous hydrocarbons, particularly ethane, as feedstock
(Zimmermann H., 2012; Worrell E., 2000).

The European Union (EU), with its limited domestic
supply of raw materials, relies heavily on imports for the
petrochemical industry. The ongoing decline in crude oil
production from European countries like Norway and
the UK exacerbates this dependency (Eurostat, 2023).
This dependency has historically been a competitive
disadvantage for European petrochemicals, from refineries
to polymer production. The geopolitical instability caused
by the war in Ukraine, coupled with reduced exports of
Russian crude oil and natural gas, has further strained the
EU’'s raw material and energy supply chains (McWilliams B.,
2023). These disruptions have led to a significant increase
in energy costs, which remain elevated more than a year
after the conflict began (Alexandros N., 2024). This burden
has intensified the challenges faced by energy-intensive
industries, including petrochemicals, as high energy costs
now directly undermine their global
(Abhinandan N., 2023).

competitiveness

Another significant challenge is global overcapacity in
ethylene production, which reached 218 million tons in 2023
(Richardson J., 2023), and the increasing use of alternative
feedstocks, such as gas-based crackers, which offer more
competitive cost structures. At the same time, investment
in post-consumer plastic recycling and alternative raw
materials, such as pyrolysis oil, signals a potential structural
shift towards a more circular petrochemical industry
(Kusenberg M., 2022; Eni, 2022). While substituting fossil-
based feedstock with post-consumer plastic is not yet
feasible on a large scale due to technical and capacity
constraints (Kusenberg M., 2022; Chang S., 2023; Kabeyi
M., 2023), it presents a promising long-term opportunity
to enhance European competitiveness. Further reducing
CO, emissions in the production of ethylene, particularly
through the use of electricity for steam generation, is
another potential strategy to improve the sustainability and
competitiveness of the European petrochemical sector
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(Mynko Q., 2023; Layritz L., 2021). An initial pilot plant for
this was commissioned in 2024 at BASF's Verbund site in
cooperation with Sabic, a Saudi Arabian petrochemical
company, and Linde, an industrial company based in Dublin,
Ireland with a focus on industrial gases and process plant
development (Nonnast T, 2024).

This move towards innovation is not only driven by
technological advancements but also by policy pressures,
particularly the EU Emission Trading Scheme (EU ETS).
The EU ETS, as the central instrument of the EU's climate
policy, has been designed to reduce greenhouse gas (GHG)
emissions by setting a cap on the total emissions allowed
from key sectors, including petrochemicals. The scheme
allocates a limited number of European Union Allowances
(EUAS), which are tradable permits that allow companies to
emit a certain amount of CO,.. Over time, the cap is reduced,
encouraging companies to adopt greener technologies or
face increasing costs for non-compliance (EU-Commission,
2024). The EU ETS was introduced under the EU Emissions
Trading Directive to ensure that the EU meets its climate
targets
progressively aligned with the objectives of the EU Green
Deal and the Paris Agreement. By implementing a carbon

in a cost-effective manner, and it has been

pricing system, the EU aims to incentivize companies across
industries to reduce their emissions. However, for energy-
intensive sectors like petrochemicals, the gradual reduction
of EUAs poses a significant challenge. As the projected long-
term trend of the carbon price increases, companies within
the EU are confronted with rising production costs, which
could undermine their global competitiveness, particularly in
relation to regions such as the US and Saudi Arabia, where
energy costs and regulatory frameworks are more favorable.

The impact of the EU ETS on production costs varies
across industries, with the chemical sector facing unique
challenges due to its high emissions intensity (Tomds
R., 2010). Options for managing these increased costs
include passing them on to customers, distributing them
along the value chain, or absorbing them through reduced
margins (Cooper S., 2024). In this context, the introduction
of the Carbon Border Adjustment Mechanism (CBAM) is a
critical step in addressing the competitive disadvantages
posed by EU carbon pricing. The CBAM aims to prevent
carbon leakage by applying a carbon-based tariff to imports
from non-EU countries, ensuring that foreign producers
face similar emissions-related costs to their European
counterparts (European Commission, 2024). Currently,
CBAM covers high-emission industries such as cement,
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steel, aluminum, and fertilizers, but its potential expansion
to basic chemicals could provide essential protection for
Europe’s petrochemical sector against foreign competition
(European Commission, 2024).

To sum up, previous studies indicate that the European
petrochemical industry faces a competitive disadvantage
in feedstock supply compared to regions like the US and
Saudi Arabia (Boulamanti A., 2017). Energy disruptions from
the war in Ukraine have worsened this situation (Creutzig F,,
2022). Additionally, the gradual reduction in available EUAs
without sufficient compensation through CBAM for rising
costs from foreign competition (European Customs Portal,
2023) may threaten the long-term supply of domestically
produced chemicals to Europe. Domestic production of
key raw materials like ethylene, propylene and aromatics
is important for the production of consumer goods such
as tires and packaging, as well as specialized products
such as pharmaceuticals and high-performance plastics
for the automotive industry (Young, 2022; Zhou, 2021).
Guaranteeing the supply of key raw materials through
domestic production is important for European industry, as it
reduces the effect of geopolitical and logistical disturbances
such as tariffs and blocked supply routes. This paper aims
to quantify the competitive disadvantage faced by the
European petrochemical industry in comparison to major
producers like the US, and to assess the impact of the linear
reduction of EU allowances (EUAs) on variable production
costs. To the best of our knowledge, this is the first study
to address this gap by answering the following research
questions: How far was this competitive disadvantage
aggravated by interruption and resulting increase in energy
costs, and what further impact can EU ETS have on this
competitive disadvantage without compensation from
CBAM. The paper argues that policymakers must urgently
consider including basic chemicals in the Carbon Border
Adjustment Mechanism (CBAM) as a means of mitigating
this competitive disadvantage.

Thispaperbegins by providinganoverview of the EU Emission
Trading Scheme (ETS), its legal framework within the
context of the EU Green Deal, and its economic implications
for the petrochemical industry (Section 2). Section 3, titled
,Methodology, outlines the research design and approach
employed in this study. Section 4, ,Results, presents a
competitive analysis of the European petrochemical
sector, benchmarking it against other key global players
such as the US, Saudi Arabia, and China, offering an initial
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understanding of the industry’s position. Following this, the
paper compares variable production costs for different types
of steam crackers in Europe and the US, investigates the
impact of EU allowances (EUAs) on production costs, and
provides a cost estimation through 2030. This analysis aims
to guide policymakers in considering the inclusion of basic
chemicals in the Carbon Border Adjustment Mechanism
(CBAM). In Section 5, the paper discusses the key findings,
acknowledges the limitations of the analysis, and proposes
avenues for future research. Finally, Section 6 provides a
summary of the main conclusions drawn from the study.

The EU ETS: Challenges and
Opportunities

The EU Emissions Trading System (EU ETS) is a cornerstone
of the European Union's climate policy, introduced in 2003
and launched in 2005 with the aim of reducing GHG
emissions in a cost-effective way (EU Commission, 2003).
It forms an essential part of the EU's broader strategy to
meet its climate targets under the European Green Deal,
with the overarching goal of achieving net-zero emissions by
2050 (EU Commission, 2019). By putting a price on carbon,
the EU ETS incentivizes industries to reduce emissions
by either investing in cleaner technologies or purchasing
emissions allowances (EUAs) to cover their carbon output.
Indeed, The EU ETS Directive operates on a ,cap-and-trade’
mechanism, which (a) sets a limit on GHG emissions from
major emitters by distributing emission allowances and
(b) enables the trading of these allowances to facilitate
cost-effective emission reductions (Woerdman, 2015). The
cap is progressively lowered each year to align with the
EU's climate goals, ensuring a steady decline in overall EU
emissions. By 2023, the EU ETS contributed to a reduction of
approximately 47% in emissions from European power and
industrial plants compared to 2005 levels (EU-Commission,
2024).

The EU ETS is not without its challenges, particularly for
energy-intensive sectors such as petrochemicals. While
the scheme provides incentives for decarbonization, it also
places a financial burden on industries that rely heavily on
carbon-intensive processes. The gradual reduction of the
available EUAs over time, without immediate compensation
for rising production costs, has led to concerns over
the competitiveness of European industries. European
companies are at a distinct disadvantage when compared to
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their counterparts in regions with more favorable regulatory
environments, such as the US and the Middle East. The
UsS, for instance, has adopted a more flexible regulatory
approach, andits relatively lower energy prices give American
petrochemical companies a price advantage. Similarly,
in the Middle East, energy costs are often subsidized, and
environmental regulations are less stringent, which allows
companies to produce petrochemical products at a lower
cost.

While European industries are bound by some of the
world's most stringent carbon pricing mechanisms, their
competitors in regions like the US and the Middle East
operate under less restrictive conditions. This disparity has
led to concerns about carbon leakage. Where compensation
measures are not put in place, companies may decide to
relocate their operations to countries with less stringent
emissions regulations, thus negating the environmental
benefits achieved by the EU (Chen Y., 2024; Martin R, 2022;
Cozma 1., 2022). In sectors like petrochemicals, which are
heavily integrated into global supply chains, the risk of
carbon leakage is especially pertinent, as EU companies
face rising costs that are not shared by foreign competitors.

Recognizing these challenges, the EU has introduced the
Carbon Border Adjustment Mechanism (CBAM), designed to
level the playing field by imposing a carbon price on imports
from countries that do not have comparable carbon pricing
systems (EU Commission, 2023). Starting in 2026, CBAM
will gradually replace the current free allowance system for
sectors such as cement, iron and steel, aluminum, fertilizers,
electricity, and hydrogen, with the transition taking place over
a ten-year period (Ambec, 2024). While this shift marks a
step forward in addressing carbon leakage, its effectiveness
in mitigating competitive disadvantages faced by European
petrochemical companies remains uncertain. Currently,
the CBAM focuses on imported goods and does not fully
address the internal cost disparities between European
producers and those operating under less stringent
environmental regulations. Moreover, the eventual success
of the mechanism will depend on the scope and design of its
implementation, as well as the rigor of its enforcement. As
CBAM phases in, careful calibration will be critical to ensure
it effectively supports EU climate goals while safeguarding
industrial competitiveness.

In conclusion, while the EU ETS and the introduction of the
CBAM represent significant advancements in addressing
emissions and preventing carbon leakage, they may not
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suffice to ensure a truly level playing field for European
industries. A broader and more integrated strategy is
essential to balance the EU’'s ambitious climate goals with
the economic viability of critical sectors, which are vital to
the European economy. This is not just a matter of economic
competitiveness. If production shifts abroad to regions with
weaker environmental regulations, the emissions avoided
within the EU may simply occur elsewhere, undermining
global climate efforts. By carefully implementing and
enforcing the CBAM, the EU can not only support its
industry but also incentivize cleaner production methods
to global

internationally, environmental

sustainability.

contributing

Methodology

In order to reassess the competitiveness of the European
petrochemical industry regarding the changes occurred
in 2022 following the Russian Invasion of the Ukraine,
the development of ethylene production capacities in the
USA, Saudi Arabia and China was first compared with the
European one. In addition to the comparison of capacity
developments to produce light olefins and the calculation
of production costs (Boulamanti A, 2017), the import trend
into the EU and the effect of the EU ETS on the production
costs were both considered in this study.

The change of the capacities of one of the main building
blocks, namely ethylene, in the petrochemical industry was
analyzed here in order to examine the development of the
total capacity of the countries considered over the last
10 years. Among the nations considered are these with
the highest capacity of ethylene production including the
USA, Saudi Arabia, and China as well as the community of
nations of the EU (Bielicki J., 2014). Information on capacity
developments was provided by Chemical Market Analytics,
a Dow Jones company (OPIS, Dow Jones, 2023).

Import trends into the EU was determined using the Eurostat
database (Eurostat, 2024) and analyzed for ethylene and the
main thermoplastic polymers of ethylene. The focus on the
polymers was on polyethylene (PE) in the three forms of high-
density PE (HDPE), low-density PE (LDPE) and linear low-
density PE (LLDPE). Imports from Saudi Arabia and the USA
were analyzed as major net exporters of thermoplastics, as
wellas China, which has built up large capacities over the last
10 years. The following HS codes (Harmonized Commodity
Description and Coding System for International Trade) for
polymers were used for HDPE “390120" and for LDPE and
LLDPE “390110" (European Customs Portal, 2023). The
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HS code “390120" represents polyethylene with a specific
density of >= 0.94, in primary form (HDPE). The HS code
“390110" indicates all imports of polyethylene with a specific
density of < 0.94 (LDPE & LLDPE).

The single largest source of price information was the
Chemical Market Analytics price database (OPIS, Chemical
Market Analytics, 2023), other sources were Our World in
Data, Intratec, Eurostat and the US Department of Energy.
The consumption factors of the publication of Aikaterini
Boulamanti were used to calculate the variable production
costs (Boulamanti A, 2017).

3.1 Variable production cost calculation

An assessment of the competitive situation of steam
crackers in Europe was made on the basis of an overview
of capacity expansions in the USA, Saudi Arabia, and China
with developments in the EU. In addition to the capacity
developments, the imports from these countries into the
EU were also considered, both of the monomer ethylene
and of the polymers (here HDPE, LDPE and LLDPE). By
calculating the variable production costs in the USA and
the EU for 2023, the competitive disadvantage, which has
been significantly exacerbated by the energy crisis, was
determined. Additionally, the impact of the EU ETS with the
linear decrease of EUAs on European production costs has
also been calculated and a forecast till 2030 with stable
variable production costs has also been considered.

The paper of Boulamanti et al. already compared the
production costs between the EU and the USA for basic
chemicals (including ethylene) in order to determine the
competitive situation between the countries in the year
2016. The variable production costs in the USA and Europe
were calculated using the consumption factors and the
average annual prices of the individual cost items for 2023.
The production of ethylene based on a steam cracker with
ethane feed and a steam cracker with naphtha feed were
compared. The variable production costs were calculated by
multiplying the consumption factor with the respective price
(OPIS, Chemical Market Analytics, 2023).

Variable production cost = Consumption factor * Price

As labor costs in the production of ethylene are not a large
cost position and do not differ significantly between the two
regions (USA and the EU), this cost item was not included in
the calculation of variable production costs.
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To calculate the impact of EUAs in the production costs
for European Steam Cracking including the development
in the CO, emissions, the production forecast for ethylene
and the reduction of EUAs till 2030 the compound annual
growth rate (CAGR%) was used. The CAGR% is calculated
by dividing the end value after the period (V(t,)) by the start
value (V(t,)) and then square-rooting this fraction by the
factor 1 divided by the period (1/t-t)). The result is then
subtracted by 1 to obtain the decimal number for the growth.
The following formula was used for this:

1
Vitn)\tn—tg -1

CAGR(tp, ty) = Vs

The additional costs of EUAs in the EU ETS are calculated
assuming constant variable production costs over the
period up to 2030. For the calculation of the share of EUA
costs, both the increase in ethylene production based on
the forecast of OPIS/Dow Jones (OPIS, Dow Jones, 2023)
(CAGR,,) and the development of CO, emissions based
on the OECD database for the manufacturing industry in
the EU are considered (CAGR,)
emissions in the manufacturing industry in the EU fell by
1.79% per year from 2005 to 2021, while in the USA they
rose by 0.35% per year over the same period. These trends
of CO, emissions in the EU have been used as a forecast for
the calculation of the emissions with the same decline over

. The development of CO,

the years till 2030. The development of the costs without a
further reduction in CO, emissions was also calculated. The
amount of EUAs (L) will be reduced linearly by 2.2% from
2027 to 2030 according to the new EU directive of 2021
(EU-Commission, 2024). The reduction in certificates was
included in the total costs, considering the CO, emissions for
the production of one ton of ethylene (C°
production process.

o») iNthe respective

Clo, = Clo, + (Clo, * CAGR(o,) + (C&, * CAGRc, ) + (Co, * Lers)
Results

4.1 Ethylene capacities

The trend over the last decade shows a sharp rise in the
number of installations in China, while the number of
installations in other countries/regions has changed at a
much slower rate (see Figure 1).

In China, the number of installations was three times
higher than in 2012, once again a reflection of the country's
investment activity. An increase at a higher pace can be
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seen in the USA since 2017, while there has been a decline
in the number of installations in Europe. The number of
installations in Saudi Arabia has remained almost constant.

The development of ethylene capacity is characterized
by solid growth in China and the USA. In China, ethylene
production capacity has increased three times in the last
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11 years. Capacity in the USA has also increased by 70%.
Capacity in Saudi Arabia has increased by 14%. Only the
capacity to produce ethylene in Europe has fallen by 7% over
the last 11 years. Extraordinary capacity increases in China
have already overtaken European capacity in 2015 and the
US in 2021. The US now has the second highest capacity
among the countries and regions compared.

Ethylene capacity in kilo tons
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Figure 1: Capacity for the production of ethylene in the US, China, Saudi Arabia, and the EU (OPIS, Dow Jones, 2023)

4.2 Import development

In addition to the developments in ethylene production
capacities, the trend in imports of derivatives into the EU
from the previously compared countries was also examined
(see Figure 2). The years from 2012 to 2023 were presented
here as the time horizon. Firstly, the olefins were analyzed
in order to examine the development of monomers for
the EU. Secondly, the derivatives (polymers) of ethylene
were considered, as the transport of polymers has a cost
advantage over monomers - ethylene is a gas, while the
polymers are solid under normal conditions.

The following HS code was used for the development of
imports of ethylene “2901210". The increased capacities,
particularly in ethylene production, are also reflected in
the increased imports of ethylene into the EU. Imports of
ethylene from the USA have risen sharply in the last two
years, putting additional pressure on the European value
chain. The volume of imports from the USA has multiplied
in the last two years, while the share from the other two
countries analyzed (Saudi Arabia and China) has remained
constant or fallen slightly. The import volumes of ethylene
from the USA fell again modestly in 2023, though they
remain above pre-energy crisis levels.

Ethylene Imports towards the EU
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Figure 2: Ethylene imports into the EU based on eurostat data for the last decade (Eurostat, 2024)
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Adecrease inimports from Saudi Arabia can be seenin HDPE
since 2018 and in LDPE and LLDPE since 2017 (see Figure
3). Imports from the USA have increased significantly over
the same period (see Figure 3). As with LDPE and LLDPE, the
volume of HDPE imported from the USA has doubled. The
quantities of HDPE from Saudi Arabia have fallen by a third
since 2018 and by two-thirds for LDPE and LLDPE.

In the cumulative analysis of PE imports, the decrease in
imports with the simultaneous increase in imports from the
USA is even more striking (see Figure 3). Imports from China
have also increased but on a much lower level. The largest
exporters to the EU in this analysis are the USA and Saudi
Arabia. The increase in the USA, now the largest exporter of
PE to the EU, is directly related to the capacity increases in
the USA since 2017.

Imports of PE towards the EU

1400
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== = = Polyethylene with a specific gravity of < 0,94, in primary forms (KSA) === . == Polyethylene with a specific gravity of >= 0,94, in primary forms KSA)
== == == Polyethylene with a specific gravity of < 0,94, in primary forms (US) === . = Polyethylene with a specific gravity of >= 0,94, in primary forms (US)
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Figure 3: PE imports into the EU from the US, Saudi Arabia, and China by type (Eurostat, 2024)
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4.3 Steam cracking

The USA has expanded ethylene capacities in the last 10
years by 70%, and import trends show an increase in ethylene
and ethylene derivatives from the USA to the EU. The shale
gas boom in the USA has also ensured that American
steam cracker operators have another source of feedstock
(ethane) at their disposal (Stangland E., 2018; Chang H.,
2074). The share of gas-based steam crackers in the USA is
around 57%, while in Europe, it is only 21%. Naphtha-based
steam crackers are by far the most common in Europe
(70%) and can be explained by the historical development of
the European petrochemical industry and the limited supply
of gaseous hydrocarbons in the European petrochemical
value chain (Boulamanti A, 2017). In the USA, naphtha-
based steam crackers account for 43% of total capacity.
For this reason, both technologies were used to calculate
the variable production costs in the USA and Europe. The
comparison and choice of technology serve to illustrate
the actual competitive situation between the USA and the
European petrochemical industry in 2023.
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The Calculation of the European ethane costs has been done
by using the American prices and adding the transportation
costs for ethane towards Europe (Nguyen D., 2021). Looking
at the calculation of variable production costs, it can be seen
that variable production costs are lower for ethane-based
steam cracking than for naphtha-based steam cracking.
Ethane-based steam crackers are significantly more cost-
effective in terms of variable production costs in the USA
than in Europe. Ethane as a feedstock for the production
of ethylene in steam crackers has a cost advantage over
naphtha-based steam crackers in Europe, but utility costs
are still uncompetitive compared to the US. Feedstock costs
comprise the largest share of variable production costs (see
Figure 4). By-product credits are high in both regions but are
$100-300/tons higher in Europe (see Figure 4). The utility
costs are smaller, especially in the US. The utility costs in
Europe are conspicuous, as they are significantly higher than
in the USA at around $240-250/tons (see Figure 4). In the
USA, utilities costs are around $60-70/ton.

Variable production costs - Steam cracking
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Figure 4: Overview of the cost positions for the production of ethylene by type and region (USA and EU) in 2023 (Boulamanti A., 2017), (OPIS,

Chemical Market Analytics, 2023)
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Considering by-product credits, a comparison of the total
variable production costs between the US and Europe shows
that the US ethane-based ethylene production is significantly
lower than the naphtha-based ethylene production in the
US and Europe (see Figure 4). Naphtha-based ethylene
production costs are $599/ton in the USA and as much
as $792/ton (without CO, credit: $730/ton) in Europe. In
contrast, ethane-based ethylene production costs are $123/
ton in the USA and $506/ton (without CO, credit: $460/ton)
in Europe. Accordingly, the European naphtha-based steam
cracking process will have variable production costs in 2023
that are almost six times as high as the American ethane-
based steam cracking process. The production costs of
ethylene via ethane-based steam cracking in Saudi Arabia
has an even higher cost advantage than production in the
USA (Boulamanti A., 2017). The steam crackers in China, like
the steam crackers in Europe, are primarily naphtha-based
and have cost disadvantages in the production of ethylene
compared to ethane-based steam crackers. However, the
steam crackers in China are younger and therefore less
susceptible to maintenance and breakdowns than the older
European steam crackers (Beacham W., 2024).

4.4 CO, emissions and effect of missing CBAM
consideration of HVC

The introduction of the EU ETS leads to a further cost factor
in the production of ethylene and its derivatives (HDPE, LDPE,
and LLDPE) compared to the global competition, which does
not implement this trading system. The production of both
the precursor (naphtha) from the crude oil refineries and
the production of ethylene (energy-intensive industry) falls
under the trading system and thus leads to an increase in
the variable production costs of ethylene from the steam
cracker (European Commission, 2024). The introduction of
the fourth phase of the EU ETS with a faster decline in the
supply of EUAs, combined with a change in energy supply
towards emission-intensive coal-fired power generation due
to the limitation of fossil energy sources (natural gas and
crude oil), led to a tripling of EU ETS spots prices for one ton
of CO, in 2023 (Goldthau A, 2023).

In the publication by Ghanta et al, the GHG emissions
were calculated in kg CO,-eq on the basis of the three
feedstocks naphtha, ethane, and ethanol for the production
of ethylene. For standardization, the production of 400
kilotons was considered in each case (Ghanta M., 2013).
The energy source in all cases was natural gas (Ghanta M.,
2013). The GaBi® database was used for the calculation in
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the publication (Ghanta M., 2013). As ethylene production
based on steam cracking was compared in this publication,
only the GHG emissions of these two processes are relevant
here. The production of one metric ton of ethylene on the
basis of naphtha leads to a cumulative GHG emission of
1.135 kg (CO,-eq), while the conversion of ethane produces
840 kg (CO,-eq) of GHG emissions (Ghanta M., 2013). The
average spot price for a EUA in 2023 was $49.81 (€47.3) per
ton of CO, (Tiseo I, 2024). According to the calculation of
the costs for the production of one ton of ethylene in the
two processes under review, the EU ETS results in additional
costs of $56.53 in naphtha-based and $41.84 in ethane-
based steam cracking for the European petrochemical
industry (see Figure 4).

Imports of ethylene and downstream derivatives are not
yet included in the CBAM (European Commission, 2023).
The EU ETS benchmark values for basic organic chemicals,
including ethylene and its derivatives, cannot currently
be used to determine GHG emissions due to technical
problems (European Commission, 2023). Considering the
additional pressure for steam cracker operators and polymer
producers due to the introduction and gradual reduction of
the total number of EUAs in the EU ETS with the increased
variable production costs and the resulting increase in
imports of ethylene and derivatives from non-EU countries,
the result is a business environment with significant
competitive disadvantages for the European petrochemical
industry. Steam cracking for ethylene production even had
considerably higher production costs compared to the USA
in 2017, even before the upheavals in energy costs in Europe
due to the Ukraine-Russia war and the associated sanctions
against Russian raw material supplies (Boulamanti A,
2017). Competitive disadvantages in production costs will
be intensified by the prolonged exclusion of petrochemicals
in the CBAM.

Additional costs of EUAs on production costs in Europe
are 8,7% in ethane-based Steam Cracking and 7,5% in
naphtha-based Steam Cracking for 2023 (see Figure 5). The
linear decrease in EUAs and the development of ethylene
production forecast by OPIS/Dow Jones were considered
here.
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Share of CO2 allowances credit on variable production costs of
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Figure 5: Development of the additional costs of EUAs on the production costs with actual energy costs depending on the consideration with

and without CO2 reduction for ethane and naphtha-based Steam Cracking

The advantage of American steam crackers stems from the
high proportion of ethane-based crackers, which, in addition
to the lower production costs for ethylene, also have lower
CO2 emissions than naphtha-based steam crackers (Ren T,
2008).

An ethane-based steam cracker in Europe would have some
competitive advantages in ethylene production compared to
the naphtha-based steam crackers. The decision of INEOS
to build an ethane-based steam cracker in Belgium (INECS,
2023) thus proves to be a further risk for the established
steam cracker landscape in Europe.

Discussion

The findings on import trends and capacity expansions
in ethylene production through steam cracking highlight
the significant competitive pressures faced by European
producers. A cost comparison reveals that European steam
crackers incur substantially higher variable production costs
than their U.S. counterparts, primarily due to differences
in feedstock availability and pricing. Additionally, the older
infrastructure of European steam crackers increases
susceptibility to production losses and repair costs, further
exacerbating their competitive disadvantage.

Capacity expansions have been concentrated in regions
with favorable economic and regulatory conditions
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for ethylene production. The Middle East and the U.S,
benefiting from abundant, low-cost feedstocks like ethane,
and China, with its rapidly growing market demand and
strategic investments, have attracted the bulk of global
investments. Even for ethylene production via ethane steam
cracking—recognized as a cost-effective alternative—
European costs exceed U.S. costs by approximately $300
per ton. Notably, ethylene production costs via ethane in
Europe align with those of naphtha-based production in the
U.S., underscoring Europe’s unfavorable cost position.

The introduction of the EU ETS compounds this disparity
by increasing production costs for European ethylene
producers, as steam cracking is a significant source of CO,
emissions. The linear reduction of allowances under the
EU ETS will likely intensify these cost pressures. Without
adequate compensation mechanisms under the CBAM,
European producers risk carbon leakage, where production
shifts 1o
regulations, undermining the EU's climate goals and

regions with less stringent environmental
industrial competitiveness. Notably, the CBAM's gradual
implementation from 2026 and its eventual replacement
of free allowances for certain sectors highlight the urgency
of its careful calibration to prevent unintended market
distortions.

From a geopolitical perspective, maintaining a certain level
of domestic feedstock production is critical to ensuring

1001136



JOURNAL OF
BUSINESS CHEMISTRY

resilience against, for instance, potential supply chain
disruptions and trade embargoes. The reliance onimports for
key raw materials would leave the European petrochemical
sector vulnerable to external shocks, weakening its long-
term stability and sustainability. Policies supporting
domestic feedstock diversification and investments in
advanced production technologies could mitigate such
vulnerabilities. Europe's competitive disadvantages, rooted
in higher raw material and energy costs for fossil fuels,
have been amplified by global market dynamics. Increased
production capacities in regions like Saudi Arabia and the
U.S. have enabled these producers to export surpluses
to higher-cost regions like Europe, further straining local
markets. Concurrently, countries such as China, previously
net importers, are becoming increasingly self-sufficient,
altering the global supply-demand balance.

The pressure on Europe’s petrochemical sector underscores
the importance of aligning strategy with
environmental objectives. Investments in carbon capture,

industrial

utilization, and storage (CCUS) technologies, as well as
advancements in green hydrogen for steam cracking, could
reduce the carbon intensity of production while enhancing
competitiveness (Layritz L., 2021). However, such transitions
require robust policy support, including funding mechanisms
under the EU Green Deal and collaboration between public
and private stakeholders.

To safeguard the resilience and sustainability of Europe’s
ethylene production, it is imperative to include basic
chemicals like ethylene under the CBAM. This inclusion
would help prevent carbon leakage, support domestic
industries, and ensure alignment with the EU's broader
climate objectives. Without such measures, Europe risks
not only losing industrial competitiveness but also failing to
achieve its environmental and strategic goals. Furthermore,
the integration of circular economy principles—such as
chemical recycling of plastics—into ethylene production
chains could offer a dual benefit: reducing reliance on virgin
fossil feedstocks and lowering overall emissions.

Conclusion

As the heart of the petrochemical industry, the steam cracker
is an energy-intensive process essential for producing
downstream products used in various markets such as
automotive, pharmaceuticals, packaging, and construction,
due to the polymers derived from its monomers (Young B.,
2022; Zhou X, 2021). However, the energy-intensive nature
of steam cracking significantly contributes to variable
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production costs, while the process remains a major source
of CO, emissions (Amghizar |, 2020). Efforts to reduce
these emissions are underway, with the EU Emission
Trading System (EU ETS) serving as a key driver, although
it also increases production costs for European producers.

The
polyethylene (PE) imports to the EU, a trend likely to persist

last decade has seen significant increases in
due to rising raw material and energy costs, exacerbated
by post-COVID-19 market dynamics (Chen Y., 2023).
Meanwhile, capacity expansions in major producing
countries such as China, Saudi Arabia, and the USA have
intensified competition, with the USA notably increasing its
exports of both monomers and polymers. This expansion
highlights structural risks for Europe’s petrochemical sector,
which faces cost disadvantages even under normalized
conditions for raw material and energy prices.

The EU ETS's linear reduction of free allowances further
compounds these challenges. By 2030, emissions trading
costs are projected to reach over 10% of production costs for
naphtha-based and 11.5% for ethane-based steam cracking.
Unless imports are subjected to equivalent costs through the
Carbon Border Adjustment Mechanism (CBAM), European
producers will remain at a disadvantage, further widening
the competitive gap. Petrochemicals, such as ethylene,
and their polymers are currently excluded from the CBAM,
intensifying economic pressures on domestic producers.
Including the six building blocks of the petrochemical
industry and key downstream products in the CBAM would
provide a level playing field for European producers. While
production costs in Europe have historically exceeded those
in regions with abundant, low-cost feedstocks (e.g., the
USA and the Middle East), excluding these products from
CBAM could also allow naphtha-based production in Asia to
gain a competitive edge. Incorporating petrochemicals into
the CBAM could mitigate the risk of further plant closures,
ensuring the resilience of Europe's petrochemical value
chains. The downstream products of basic chemicals must
also be considered in CBAM, otherwise the competitive
disadvantage of European producers would be shifted
backwards along the value chain.

Resilient petrochemical production is vital for safeguarding
the EU's broader supply chain and meeting industrial policy
objectives. Petrochemicals are indispensable feedstocks
for various end-use applications, including critical sectors
such as healthcare and infrastructure. From a geopolitical
perspective, maintaining a certain level of domestic
feedstock production is critical to ensuring resilience against,
for instance, potential supply chain disruptions and trade
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embargoes. The reliance on imports for key raw materials
would leave the European petrochemical sector vulnerable
to external shocks, weakening its long-term stability and
sustainability. Policies supporting domestic feedstock
diversification and investments in advanced production
technologies could mitigate such vulnerabilities. However,
as CO, emissions from petrochemical production are
currently challenging to calculate (European Commission,
2023) standardized methodologies are urgently required
to ensure these products can be effectively integrated into
the CBAM. Failure to do so risks imposing a persistent cost
burden exclusively on EU producers, undermining both
industrial competitiveness and climate objectives.

The alignment of industrial policy with climate goals
will require not only adjustments to the CBAM but also
investments in sustainable technologies, such as low-
carbon feedstocks and advanced recycling methods. These
measures, coupled with robust policy support, can help
secure the long-term viability and sustainability of Europe’s
petrochemical industry.

Further research could consider the impact of regulatory
or geopolitical events on the variable production costs of
the European petrochemical industry beyond the scope of
the EUAs and CBAM. Technological developments towards
more sustainable production processes, such as the use of
pyrolysis oil or electricity as a furnace heating source, could
also be reviewed. As previously mentioned, the production
of basic chemicals in the petrochemical industry is crucial
for securing the value chain in many industries (Young B,
2022; Zhou X., 2021) thereby increasing the resilience of the
European industry.
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Appendix
Table 1: Number of facilities for the production of ethylene - data based on OPIS a Dow Jones Company

2014 2015 2016 | 2017 2018 | 2019 2020

Number of Facilities ‘ 2012 2013

Saudi Arabia 15 15 15 15 16 16 16 16 17 16 16 16
us 47 45 45 45 45 56 49 62 56 57 58 58
China 45 51 61 70 76 83 85 94 103 | 110 | 116 | 126
Europe 55 53 52 54 51 55 51 55 51 51 51 54

Table 2: Capacity overview for the production of ethylene — data based on OPIS a Dow Jones Company

Total 2020

Capacity (kt)

Saudi Arabia | 15589 | 15790 | 15790 | 15790 | 16566 | 17.683 | 17.750 | 17.750 | 17.750 | 17.750 | 17.750 | 17.750
UsS 77.015 | 27.608 | 28.041 | 28581 | 28.853 | 30.493 | 33.014 | 36.580 | 40.338 | 40.947 | 43.783 | 45.827
China 16.524 | 17.678 | 10.336 | 21.050 | 22.189 | 23.901 | 25.554 | 27.013 | 32.177 | 39.829 | 45.708 | 52.048
Europe 71519 | 22311 | 21864 | 21858 | 21554 | 21554 | 21.554 | 21.554 | 21.554 | 21.554 | 21.280 | 21.084

Table 3: Consumption factors including the three cost blocks of feedstocks, by-product credits and utilities for the production of one
metric ton of ethylene — overview from the following publication (Boulamanti A., 2017)

Cost analysis model Units Consumption
Steam cracking

T T athane [ Naphuna |

Feedstocks
Naphtha t/t 3,3
Light Naphtha t/t
Distillate, fuel oil t/t
n-Butane t/t
Propane t/t
Ethane t/t 1,29
Refinery gas t/t
C1 fuel t/t 0,11 0,5
C3s crude t/t 0,04
C4s crude t/t 0,04 0,34
Resiual fuel oil t/t 0,13
Hydrogen t/t 0,08 0,05
Propylene t/t 0,53
Pygas t/t 0,02 0,75
Electricity kWh/t 140 44
Cooling water t/t 206 400
Fuel Gj/t 21 22,3
Other materials
Catalyst S/t 0,16 5,49
Chemicals S/t 3,16
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Figure 6: Simplified overview of the European and US petrochemical value chain - Fracking and the subsequent processing of the shale
gas with the separation of high-purity ethane provides the US steam crackers with another source of raw materials
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Figure 7: Number of ethylene facilities in the US, China, Saudi Arabia and the EU-Data - based on OPIS a Dow Jones Company
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