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Abstract

This study examines the relationship between EU ETS carbon prices and industrial
production in Sweden during the period 2020-2025. The study examines whether this
relationship differs between high energy-intensive industries and low- to medium
energy-intensive industries. The theoretical framework that this thesis is based on is the
Porter Hypothesis, which suggests that environmental regulation may stimulate innovation
and efficiency improvements. This hypothesis is then contrasted against the traditional view,
which argues that environmental regulation increases production costs and may reduce
industrial performance. The empirical analysis uses OLS regressions with the Industrial
Production Index as the main dependent variable and EU ETS prices as the main explanatory
variable. Industry fixed effects, interaction models, time fixed effects, and robustness checks
using value added and employment are also included in the empirical analysis. The results
found in the thesis provide mixed evidence. The main IPI regressions show a positive
association between ETS prices and production for high energy-intensive industries, while
the robustness checks and industry-level correlations suggest that the results should be
carefully interpreted. To summarize, the results found in this study are somewhat more
consistent with the traditional view, meaning that higher carbon prices may create cost
pressures for energy-intensive industries. However, the results are not strong enough to fully
reject the Porter Hypothesis either, and therefore neither of the hypotheses can be fully

confirmed.
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Second, the AI tool Grammarly was used for spelling and grammar correction. All of the
content, arguments, interpretations, and conclusions are under the responsibility of the
authors.



Table of contents

ADSEIACK....ccoeeeeeeeeeeeeeeneeeeeseenssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss
1. INErOAUCHION. . cceeeeeeeeeeeeeeeeeeeeeeeeeeeeseessssssssssssssssssssesessssssesssssssssssssssssssssssssssssssasnes 1
2. Previous reS@arch......eeeeeeccccenesesssenesencecccseeeseessssssssssssssssssssssssssssssssssssssssssse 3
0 1111 TS 6
4. Method/empirical Mmodel..........uueeiieciivvsnriiccsssssnnniecsssssnssescsssssssssssssssssssssssne 8
4.1 EMPITICal STrate@Y.....ccuveeeeiiiieeeiiieeeiiieeeeiiee et et e eee e e eeree s ee e 8
4.2 Industry ClassifiCation..........c.ceevueeeriieriieeriie ettt 9
4.3 Regression MOEIS.........oeieiiiiieiieeeiiee et 10
4.4 Robustness CheCKS.........oiiiiiuiiiiei e 11
TSR 31011 15 (0 TSR PRRP 12
5. Data/materialS......ccceeiiceiiirrnniiccsssssnnsiecsssssnsssesssssssanssssssssssssssssssssssnsssssssssne 13
5.1 ETS Carbon PriCe......uuuuuueeiiiiiiiiieeeeeeeeeeeeeeeeee e 13
5.2 Industrial Production INdeX..........ccccvvveveiieiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeee 13
53 EMPIOYMENt.....ooiiiiiiiiiiiiiecee et 14
5.4 Value Added.........eeeeiiiiiieeeeeeeeeeeeeeeeeee e 14
6. RESUILS.cuueeeiiiiiirrrnniiicnssssnnnieccsssssnnneesssssssnnnesssssssssssesssssssnsssssssssssnsssssssssssnssssssses 15
6.1 DeSCriptive StatiStICS.....uuviieiiieeeeciieeeciiee et e e erite e e e e e e e e eereeeeseeaeees 15
6.2 Main Results — IPT ANalysiS......cccccoveeiriiiniiieeiiieeieesiee e 16
6.3 RODUSENESS CRECKS.....vvviiiiiiiiiiieeeeeeeeeeeee e 18
6.4 Summary Of ReSUILS.......cccoviviiiiiiiiieceee e 23
T DISCUSSIOMN...cceeeeeeeeeeeeeeeereonssssssssesescsessesssssassssssssssssssssssssssssssssssssssssssssssssssssssnes 24

| 24T (3 S 1 (S TSR 27



1. Introduction

The European Green Deal was launched in late 2019 and was designed to work as the EU's
compass towards ensuring zero emissions by 2050 (ESDN, 2020). One central part of this
strategy is the European Union Emission Trading System (EU ETS). The emission trading
system is based on a “cap and trade” principle, where a limit (the cap) is set on the total
volume of emissions within the European Union. This mechanism creates a scarcity of
emission allowances. The EU aims to increase carbon prices, thereby incentivizing firms to
transition to carbon-neutral production (Energimyndigheten, 2025). According to the
International Energy Agency (2024), Sweden is significantly decarbonized, and electricity
primarily comes from hydro and nuclear power. This would suggest that Sweden could be
less affected by a higher cost of carbon, compared to other countries within Europe that rely
more on coal and oil for electricity. However, between 2021 and 2023, the EU ETS
experienced a significant price increase, where the cost per tonne of CO2 increased from
around 30 Euros to almost 100 Euros (Ember Energy, 2026). This increase represents a new
economic reality for Swedish energy-intensive industries, testing whether their current

decarbonized energy advantage will be enough to prevail in such price volatility.

Swedish export firms tend to be more energy-intensive compared to low-intensity firms
(Kommerskollegium, 2024). As the European Union transitions towards net-zero emissions,
these industries will face structural challenges. On one hand, the EU Emission Trading
System (EU ETS) serves as an efficient way to reduce pollution, but on the other hand, the
system could introduce an economic tradeoff between reducing environmental externalities

and competitiveness (Brannlund and Lundgren, 2009).

The so-called Porter hypothesis argues that firms can benefit from environmental regulations.
It argues that well-designed environmental regulations can stimulate innovation, which could
enhance productivity and therefore increase firms' private benefits (Porter and van der Linde,
1995, cited in Ambec and Barla, 2002). However, empirical evidence is mixed. A recent
study finds that there is a general positive relationship between regulation and green
innovation (Zhang et al, 2024).

On the other hand, an older Swedish study failed to find supporting evidence for the Porter
hypothesis (Briannlund and Lundgren, 2009). This study aims to contribute to the empirical



evidence by further investigating Swedish industries specifically. The goal is to investigate
how Swedish industries have been affected by the increased carbon prices and whether their

production has increased or not.

The empirical puzzle is that Sweden has a highly decarbonized energy sector, but some
industries may yet remain sensitive to carbon costs. Despite the sharp price increase in EU
emissions allowances between 2021 and 2023, it is not clear if this increase in price acted as a
“push factor” for innovation or just as a financial burden that reduced productivity in
energy-intensive sectors. This study aims to add to the existing empirical evidence by
narrowing the focus to the period 2020-2025. This study also compares whether the results
differ between industries with different levels of energy intensity in production. The Porter
hypothesis is tested with more recent data, which provides updated evidence on the

relationship between carbon pricing and the performance of Swedish industries.



2. Previous research

The relationship between environmental regulations and the performance of firms has long
been a debate in environmental economics. A central point of this debate is the Porter
Hypothesis, which argues that well-designed environmental regulations may not only reduce
emissions, but also encourage innovation and efficiency improvements that can offset the
initial cost of regulations. Ambec and Barla (2002) extended the theoretical foundation for
the Porter Hypothesis. According to their model, environmental regulation can increase firms'
incentive to invest in pollution-reducing innovation by reducing firms' inefficiencies, which
could improve the productivity of firms. Rather than claiming that regulation always
improves firm performance, they discuss under what conditions regulation can stimulate

innovation and, in the long run, potentially raise private benefits.

The empirical literature remains mixed. A recent study conducted by Zhang et al. (2024) used
a multi-country meta-analysis to examine the relationship between environmental regulation
and green innovation. The findings in their analysis support the overall and the “narrow”
version of the Porter Hypothesis. The authors found a generally positive correlation between
environmental regulations and green innovation. This argues in favor of the Porter hypothesis

and that market-based instruments like the EU ETS might stimulate technological change.

However, at the same time, other studies have found evidence to the contrary. The Brinnlund
and Lundgren (2009) article is not a firm-level causal study of Swedish industries, but a
review of the Porter hypothesis. The authors conclude that, while previous theoretical
literature may find mechanisms that may cause improvements to align with the Porter
hypothesis, these mechanisms are not general and the empirical literature does not provide
broad support for the Porter hypothesis. This study makes the debate especially relevant, as it
discusses how environmental regulations should not be assumed to automatically increase
innovation or productivity. According to Briannlund and Lundgren (2009), the outcome

depends highly on the design of the regulations, the market, and firms' ability to adapt.

Zhang et al. (2024) provide several explanations for why there have been divergent results in
the past. The authors explain in their conclusion that the difference in environmental
regulation types, green innovation measures, country characteristics, levels of analysis, and

also the lagged effects of regulations may all have influenced the relationship observed



between regulations and industry performance. The authors argue that all these factors have
not previously been fully tested, causing results to be inconclusive. This may explain why
previous empirical literature has often found evidence inconsistent with the Porter

Hypothesis.

These three studies define the core of the academic debate in this thesis. Ambec and Barla
(2002) highlight why regulation may enhance innovation, which could lead to an increase in
productivity. Zhang et al. (2024) provide a more recent picture of empirical support in favor
of the Porter Hypothesis across countries, while Brannlund and Lundgren (2009) argue that
the evidence for the Porter Hypothesis is far from universally supportive. The contrast
between these three studies makes it interesting to study the question using more recent
Swedish data. It suggests that the impact of environmental regulation on the productivity of

firms likely depends on the strength of price signals and the structure of the industries.

To understand the context of this thesis, several policy and institutional factors are relevant.
The European Green Deal aims to reach climate neutrality by 2050. The goal is to get there
through industrial transformation, while still staying competitive. Within this framework, the
EU ETS serves as a central Market-Based-Instrument designed to reduce emissions by
increasing the cost of carbon. According to Energimyndigheten (2025), the system is based
on a ‘“cap and trade” principle, where a limit (the cap) is set on the total volume of emissions
within the European Union. This creates a price signal intended to incentivize efficiency

improvements.

At the same time, higher carbon prices have created policy discussions emphasizing the risk
of carbon leakage, where firms may reallocate their production abroad where carbon prices
are lower. This concern is highlighted in many policy debates and in an SNS report by
Fergusson, Forslid and Sanctuary (2022). They find that, while current risks of carbon
leakage are limited, it may increase as the price of carbon increases, especially in steel and
paper industries. This creates a tension between environmental ambition and industrial

competitiveness, which is directly relevant to the Porter hypothesis.

A broader energy context is also very relevant when interpreting the results during
2020-2023. The Kommerskollegium (2024) report discusses the effect that the

Russian-Ukrainian war had on energy costs for households and industry. The report



demonstrates that energy costs increased sharply after Russia's invasion of Ukraine. The
report emphasizes that these increased energy costs could have affected the competitiveness
of Swedish firms on the international market. The same report highlights that Swedish
energy-intensive exporting firms face distinct cost conditions and that these industries are
associated with lower export values. The cost conditions are important to consider in any
analysis of industrial production. The International Energy Agency (2024) highlights that
Sweden's energy system is already relatively decarbonized, suggesting that Swedish
industries could be affected less by increased carbon costs than countries that are more
dependent on fossil fuels. However, increased energy prices, carbon costs, and a volatile
energy market may still be hurtful to Sweden's industrial production, regardless of how

decarbonized Sweden is.

Overall, while theoretical and more recent empirical studies like Zhang et al. (2024) have
found support for the Porter hypothesis, evidence is not unanimous. For example, Brannlund
and Lundgren (2009) found little to no support for the Porter hypothesis, in some cases, even
a negative correlation between regulations and production. At the same time, the Swedish
policy context has evolved significantly since Briannlund and Lundgren (2009) conducted
their review-based analysis. Climate policies have become stronger, especially during
2021-2023, when the EU ETS price reached close to 100 euros per tonne (Ember Energy,
2026). The main objective of this thesis is to add to the empirical evidence from a new
context by analyzing the 2021-2023 price increase. More specifically, this thesis will analyse
the relationship between the EU ETS price and industrial production for Swedish industries
between 2020-2025. The thesis will evaluate these specific years to capture industrial

production, both before and during the price increase.



3. Theory

The theoretical framework for this analysis is the Porter hypothesis. (Porter and van der
Linde, 1995, cited in Ambec and Barla, 2002) This hypothesis challenges the more traditional
view that environmental regulations come at the expense of industrial productivity and act as
a financial burden. The hypothesis states that environmental regulations are correlated with

increased productivity, meaning that environmental regulation could be a “win-win” scenario.

To understand this hypothesis, it is important to explain the mechanisms of why regulation
could lead to increased productivity. According to Porter and van der Linde (1995), the main
argument is that firms are not always operating as efficiently as possible. Due to factors like
limited information or lack of incentive, firms may fail to identify opportunities to improve
efficiency. Environmental regulations can therefore act as a trigger that forces firms to use
resources more efficiently when operating. According to the authors, environmental
regulations can pressure firms to become more innovative and use resources more efficiently.
This process can lead to what the authors call innovation offsets. This implies that the
benefits from innovation may compensate for the initial cost of environmental regulations.
These innovation effects may take different forms, such as improvements in production
processes, reduced material use, or better utilization of by-products. In some cases, such

changes may also improve product quality or reduce production costs.

There are different theories as to whether the Porter hypothesis holds or not. Previous studies,
for example, the study conducted by Briannlund and Lundgren (2009), disagree with the
hypothesis. They argue that a higher cost of carbon adds an additional production cost for
industries and does not necessarily improve productivity. However, there are other studies
that are more optimistic regarding the Porter hypothesis. For example, the study conducted by
Zhang et al (2024). This study saw a positive correlation between new environmental policies

and innovation, which may contribute to higher productivity.

This means that there are two possible outcomes and two possible findings. The first finding
is that Porter's hypothesis does not hold, as found in the Brinnlund and Lundgren (2009)
study. In these findings, increased prices of carbon should result in a decrease or no change in
the industrial production index (IPI). The other finding, as found in the results of Zhang et al
(2024) study, is that the Porter hypothesis holds. This would suggest that the price increase



triggers innovation, which could increase productivity and therefore the industrial production

index (IPI).



4. Method/empirical model

4.1 Empirical Strategy

To investigate the relationship between EU ETS carbon pricing and industrial productivity in
Sweden, this study uses an Ordinary Least Squares (OLS) regression framework. The
empirical approach is to isolate the relationship between EU ETS prices and industrial
performance across industries with different energy intensity levels. This analysis will not
make any causal claims; instead, the thesis aims to test whether higher carbon prices are
associated with lower productivity in energy-intensive industries relative to less
energy-intensive industries, and to discuss whether this is consistent with the Porter

hypothesis or not.

A central challenge in the analysis is that ETS price only varies across time and not across
industries, which creates an omitted variable bias. If variables that affect production are both
correlated with the ETS price and omitted from the model (such as export demand and
macroeconomic shocks associated with COVID-19 and the Russia-Ukraine war), the ETS
coefficient will be biased. The OLS estimator also requires the explanatory variables to be
uncorrelated with the error term, and this assumption is unlikely to hold in this case. The
coefficient estimates should therefore be interpreted as conditional associations rather than
causal effects, and no causal claims are made in this analysis. Time fixed effects would
absorb the common time shocks but cannot be included at the same time as ETS price due to

perfect collinearity; hence, two separate sets of models are estimated.

Productivity is defined, in this thesis, as the efficiency with which industries convert inputs
into output. The Solow (1957) growth model defines output growth as a result of labor
contributions, capital, and total factor productivity (TFP). In this framework, a change in
output that is not explained by changes in inputs is a growth in productivity. In an ideal case,
this study would directly measure TFP, but this would require data on both outputs and all
relevant inputs such as labor and capital. Due to limitations on public industry-level data in

Sweden, this was not done in this thesis.



Log-transformed Industrial Production Index (IPI, 2021=100), obtained from Statistics
Sweden (SCB), is used as the primary indicator in this study. The IPI measures the volume of
industrial output and is available at a monthly frequency for specified industry classifications
following the NACE rev. 2 standard. The IPI captures output, not productivity directly, but it
serves as a useful first approximation, assuming that short-run changes in output are related
to changes in productivity rather than in inputs. This assumption is tested in the robustness
checks described in Section 4.4. The calendar and seasonally adjusted data are used
throughout to eliminate seasonal variation and working-day effects. The IPI was chosen as
the dependent variable because it covers a wide range of industries in detailed NACE
industry groups, allowing for comparisons between industries with varying energy intensity.
It is also the most direct available measure of industrial output in Sweden with these detailed

industry groups.

The primary independent variable is the monthly mean EU ETS price, measured in EUR/
tonne of CO2, obtained at ICAP (2025). Daily spot prices are added up and divided into
average monthly carbon prices to match the frequency of the IPI data. The analysis covers the
time period January 2020 to December 2025. This period captures both distinct price
increases from €30 in 2021 to almost €100 in 2023, and the following decline. The ETS price
is chosen as the primary explanatory variable as it is the most direct measure of the cost
burden for Swedish industries. The EU ETS operates as a market for emissions allowances,
and the spot price directly determines the marginal cost of emitting one additional tonne of
CO2. An increase in the ETS price would therefore increase the cost of production for
energy-intensive sectors. The monthly average is used to reduce the noise of short-term price

volatility.

4.2 Industry Classification

Industries are classified into two groups based on a report from the Swedish Energy Agency
(2010), and a list of industries with high energy usage, also from the Swedish Energy Agency
(2025). We also included an ad hoc assumption on the energy intensity of the printing
industry, due to a lack of available public information. All the industries were explicitly noted
as high- or low- to medium- intensive by the Swedish Energy Agency, except the printing
sector. This classification allows the study to test the relationship between production and
carbon pricing based on the higher or lower carbon cost burden between the industries with

different energy-intensity levels.



The high intensity group consists of five industries: pulp (NACE 17.11), basic metals/steel
(NACE 24), coke and refined petroleum products (NACE 19), chemicals and
pharmaceuticals (NACE 20-21), and wood products (NACE 16), The low-medium intensity
group consists of three industries: food, beverages and tobacco (NACE 10-12), engineering
(NACE 25-30 + 33), and printing (NACE 18). The printing industry is, as mentioned earlier,

an ad hoc assumption in the classification to secure a higher number of observations.

4.3 Regression Models

The empirical analysis is focused on two sets of models. The first set includes the ETS price
as the main explanatory variable without time fixed effects. The ETS price only varies over
time and not across industries; hence, ETS price and time fixed effects cannot be included
simultaneously. Inclusion of both results in perfect collinearity. The second set of models
replaces the ETS price with time fixed effects, enabling us to plot a time trend for each

intensity group plotted against the ETS price to visualize potential co-movement.
The baseline model is defined as:
log(IPli)= po + PIETS: + it

Adding industry fixed effects ai to control for constant time differences in average IPI levels

across industries:
log(IPlit)= fo + BIETS: + oi+ &it

The main model of interest adds an interaction between the energy intensity dummy Highi,
which equals one for low-medium intensity sectors and zero for high intensity (baseline

group), and the ETS price:
log(IPliy) = o+ BIETS: + B2Lowi + B3(ETS: x Highi) + oi + it

In this model, p: captures the relationship between ETS prices and production for
high-intensity industries, and 1 + f3 captures the total association for low-medium intensity
industries. According to the Porter hypothesis, f should be positive or insignificant if
negative. This is the case because carbon pricing stimulates innovation, which compensates
for, or outweighs, the additional cost burden of the carbon prices. From the traditional view,
p1 would be negative because carbon pricing acts as a pure financial burden that reduces

productivity. The interaction term f3 tests whether the response to carbon pricing differs

10



significantly between the two intensity groups, which is a central empirical question in this
thesis. If Porter's hypothesis holds, 43 should be negative, and if it does not hold, 53 should be

positive.

The time fixed effects model replaces the ETS price with month dummies interacted with the

intensity group:
log(IPlit) = 0 + ai + ye + (y: X Highi) + it

Here, yt captures common time shocks to productivity for high-intensity industries and y: x
Highi allows the time path to differ for low-medium intensity sectors. The estimated time
fixed effect is also plotted against the ETS price for visual interpretation of potential
divergence in productivity between the intensity groups that takes place in the same time

frame as changes in carbon prices.

4.4 Robustness Checks

We perform two robustness checks to address the possibility that the IPI may reflect changes

in inputs rather than productivity.

Firstly, the main empirical analysis is replicated using value added at current prices for the
dataset reporting the period 2008-2021, joint with 2022-2025. The latter dataset uses constant
prices in MSEK with 2024 as the reference year (SCB, 2025). Value added is defined as
production minus intermediate goods, and is a closer approximation to productivity than raw
production, as it takes out the cost of materials and intermediate goods used in the production
process. The value added data is available at an annual frequency from 2008 to 2021, and the
more recent data is reported quarterly. The NACE groupings are also broader in this data,
which limits direct comparability with the main analysis, but provides a cross-check on
whether the IPI results are driven by output changes or productivity changes. This robustness
check addresses the problem that IPI measures output rather than productivity. A firm could
reduce intermediate inputs and maintain the output without becoming more productive. Value
added is defined as the output minus intermediate inputs, which eliminates this effect and

provides a closer approximation to productive performance.

Secondly, employment from SCB is added as a control variable to test for changes in labor
inputs. This robustness check addresses the concern that changes in IPI may be due to

changes in labor input. Adding log employment as a control variable allows us to eliminate

11



the effect of changes in labor input and assess whether the ETS price effect persists after
accounting for employment. If the ETS price coefficient remains negative and significant
after controlling for employment, the evidence for an actual productivity effect is stronger.
Data on employment across industries are available in a quarterly time frequency from 2015
to 2023; hence, this robustness check is estimated on the 2020-2023 subsample. A sample
selection analysis is also conducted because of the unexpected results. This analysis was
conducted by comparing regressions with restricted samples, both with and without
employment, with an unrestricted sample covering the period 2020-2025 across all the

chosen industries.

4.5 Limitations

There are several limitations that should be noted. The thesis analyses associations rather than
causal effects. ETS prices are set at the EU level and affect all sectors simultaneously. The
main problem is that with variation only across time, it is not possible to control for other
unobserved factors that affect all sectors at the same time. This means the ETS price
coefficient may be biased due to omitted time-varying variables such as export demand and
GDP that are both correlated with ETS prices and industrial production. As a result, the
estimates should be interpreted as conditional associations and not causal effects. Second,
even with controls for value added and employment, the study cannot fully differentiate
productivity changes from capital changes, as industry-level capital stock data is not
available. This means that the results should be interpreted as evidence of an association
between carbon pricing and industrial performance, rather than a detailed test of the Porter
hypothesis. Third, the short time window of 72 months makes it difficult to identify long-run
structural productivity effects from short-run responses to the 2021-2023 sharp price increase.
The Russian invasion of Ukraine should also be mentioned as a limiting factor of this study.
The war’s effect on ETS prices is hard to disentangle, but it could be thought of as a price
signal. Finally, as shown in the employment robustness checks, the results are sensitive to
sample selection regarding the choice of time period and industry sub-samples, further
emphasizing that the coefficients represent conditional associations rather than concrete

evidence.

12



5. Data/materials

5.1 ETS Carbon Price

The EU ETS carbon price data is sourced from the International Carbon Action Partnership
(ICAP, 2025). The dataset consists of daily spot prices for European Union Allowances
(EAU), measured in EUR per tonne of CO2. The dataset covers the period January 2020 to
December 2025. Since the Industrial Production Index is reported monthly, the monthly
average of the ETS prices is used in the analysis. For the employment robustness check,
monthly averages are adjusted to quarterly averages to match the frequency of the data set for
employment. Over the period, the ETS price sharply increased from approximately €25 in
early 2020 to a peak of almost €100 in early 2023, and then declined to around €60-70 by late
2025.

5.2 Industrial Production Index

The Industrial Production Index (IPI) is gathered from Statistics Sweden (SCB, 2026). The
IPI is a measure of total industrial output. This index is calculated through the industry output
in SEK, adjusted for inflation, and is set relative to a base year, where 2021 is equal to 100.
The frequency of the data is monthly and covers a wide range of industries categorized
according to NACE Rev. 2. The Calendar and seasonally adjusted series is what was used in
the analysis to remove the working-day effects and seasonal variation. The data is restricted
to the time period January 2020 to December 2025 to match the time period of the ETS price
data.

The dataset contains data for 55 industries, and eight industries are used in the analysis.
Seven of the industries were chosen after the Swedish Energy Agency’s recognition of
low-medium and high energy-intensity industries (Energimyndigheten 2010, 2024). The last
industry, the printing industry (NACE 18), was an ad hoc guess in energy-intensity level as an
attempt to include more observations. The high energy intensity industries are: pulp (NACE
17.11), basic metals and steel (NACE 24), coke and refined petroleum products (NACE 19),
chemicals and pharmaceuticals (NACE 20-21), and wood products (NACE 16). The

low-medium energy intensity industries are: food, beverages and tobacco (NACE 10-12),
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engineering (NACE 25-30+33), and printing (NACE 18). These industries represent a wide

range of energy exposure.

5.3 Employment

The employment data was obtained from Statistics Sweden (SCB) and measures the number
of employees across sectors, reported at a quarterly frequency. The data covers the period
2015Q2 to 2023Q4. The employment data is not available in a single series for the
engineering industry (NACE 25-30+33), hence it is constructed by summing employment
across five sub-industries: fabricated metal products (NACE 25), machinery and equipment
(NACE 28), motor vehicles (NACE 29), other transport equipment (NACE 30), and repair
and installation (NACE 33). Employment is log-transformed before the regressions are run to
allow for a proportional interpretation of the coefficient. The variable is solely used in the

employment robustness check estimated in the time period 2020Q1-2023Q4.

5.4 Value Added

The value added data is sourced from two data sets from Statistics Sweden (SCB). The two
data sets together span from 2008 to 2025. The first data set covers the period 2008 to 2025 at
an annual frequency, and the other data set covers 2021Q1 to 2025Q4 at the quarterly
frequency. To create a consistent annual series, the quarterly observations are averaged within
each year. Value added is measured in millions of Swedish crowns (MSEK), at constant
prices with 2024 as the reference year. This ensures that changes in value added reflect real
changes in productive activity rather than price movements. Value added is log-transformed

for the regressions.
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6. Results

6.1 Descriptive Statistics

Table 1
Correlation: ETS Price and IPI by Industry
Industry Energy Intensity ~ Correlation with ETS Price
Chemicals High Intensity 0.646
Petroleum High Intensity 0.324
Pulp High Intensity -0.262
Steel High Intensity -0.364
Wood High Intensity -0.394
Engineering Low-Medium Intensity 0.612
Food Low-Medium Intensity 0.217
Printing Low-Medium Intensity -0.485

Table I presents the correlations between the ETS carbon price and the IPI for each industry.
The results show a pattern that is mixed across industries. Among the high-energy-intensive
groups, three industries are negatively correlated with the ETS price: Wood (-0.394), Steel
(-0.364), and Pulp (-0.262). This result is consistent with the more traditional view that
carbon pricing, in most cases, reduces industrial output in energy-intensive industries.
However, two energy-intensive industries are positively correlated; these industries are:
Chemicals (0.646) and Petroleum (0.324), suggesting that the relationship is not always the
same within the high-intensity group. Among the low-medium intensity group, Engineering
(0.612) and Food (0.217) displayed positive correlations, while Printing (-0.485) is negatively
correlated. This result is somewhat surprising, given the low energy exposure. The mixed

results from this table motivate the use of regression analysis to isolate the average
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association within each energy-intensity group, while controlling for industry-level

differences.

6.2 Main Results — IPI Analysis

Table 2
IPYI and ETS Price (No Time FE)
Dependent variable:
Log IPI (2021=100)
Baseline Industry FE Intensity Interaction
(1) (2) (3)
ETS Price 0.0005 0.0005 0.0009™*
(0.0003) (0.0002) (0.0003)
Low-Medium Intensity (dummy) L0252
(0.0374)
ETS Price x Low-Medium Intensity -0.0010
(0.0005)
Constant 4.5542""" 475237 4.7295"*
(0.0202) (0.0210) (0.0240)
Industry FE No Yes Yes
Time FE No No No
Observations 576 576 576
R2 0.0052 0.3766 0.3807
Adjusted rR2 0.0035 0.3678 0.3708
Note: *p=0.05: “*p=0.01: ***p=0.001

Table 2 presents the main regression results using log IPI as the dependent variable without
time fixed effects. Model 1 is the baseline specification model and uses only the ETS price,
which shows a small positive but insignificant coefficient (0.0005). This gives the suggestion
that without controlling for differences between industries, there is no clear association
between carbon prices and industrial output on average across all the industries. Model 2
adds industry fixed effects, and this increases the R-squared from 0.005 to 0.37. This suggests
that industry-level differences in average production explain a large share of the variation in
IPI. In this model, the ETS price coefficient remains positive and becomes significant at 5%
(0.0005), which is consistent with the Porter hypothesis. This can, however, be explained by
many other things; it could, for example, be explained by the common business cycle that

drives both carbon prices and output upward simultaneously.
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Model 3 is the main specification; here the interaction between the ETS price and the
low-medium intensity dummy is added, causing the results to change substantially. The ETS
price coefficient for energy-intensive industries becomes positive and significant at 1%
(0.0009). At the same time, the interaction term is negative (-0.0010) and not significant. The
low-medium intensity dummy is negative and highly significant (-0.2522), which indicates
that low-medium intensity industries have lower IPI than high intensity industries after
controlling for the ETS price. The total ETS price effect for low-medium intensity industries
is in this model 0.0009 minus 0.0010, which equals -0.0001. This suggests that while
high-intensity industries show a positive association between carbon prices and IPI, this
result is offset by low-medium intensity industries. This result is somewhat surprising and
does not support the traditional view. The negative interaction term is in line with the Porter
hypothesis since one would expect the impact to be stronger for more price-exposed
industries. There are a lot of other aspects involved; hence, it is hard to say anything
conclusive. Since the interaction term is not significant, the evidence from these results

across industry groups remains limited.

Figure 1
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Figure 1 plots the estimated time fixed effects for each intensity group alongside the ETS

price. The two groups display considerable month-to-month variation, and therefore the
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pattern should be interpreted cautiously. However, the ETS price increase seems to coincide
with a noisy upward movement in the estimated time trend for high-intensity industries.
Higher intensity industries, on average, also seem to have lower IPI before the price increase
and higher IPI after the increase if compared to the low-medium intensity industries. This
would suggest that there is something going on regarding the relative production of the two
groups around the ETS price increase. These movements are consistent with the Porter
hypothesis, as high-intensity industries are expected to react more strongly to price increases,
while low-intensity industries are expected to be less responsive to price changes. However,

given the considerable month-to-month variation, it is difficult to draw strong conclusions.

6.3 Robustness Checks

Each robustness check is designed to address a specific problem with the main IPI analysis.
The value-added section tests whether the results hold using a dependent variable that is a
better approximation of productivity than IPI. The employment section tests whether the
results of production are driven by changes in labor inputs. The sample selection check tests
whether the results from the restricted and the full sample are driven by the employment
control, or by the sample composition.

Value Added

If the IPI results are a consequence of output changes rather than productivity changes, we
would expect the value added results to be different from the main IPI analysis. If the results
are similar, this could indicate that the IPI results reflect something other than just output

variation.

Table 3
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Value Added and ETS Price (No Time FE)

Dependent variable:
Log Value Added (constant prices, MSEK)
Baseline Industry FE Intensity Interaction
(D (2) (3)
ETS Price -0.0238™" -0.0238™"" -0.0255™*
(0.0050) (0.0044) (0.0063)
Low-Medium Intensity (dummy) -0.0915
(0.6187)
ETS Price x Low-Medium Intensity 0.0034
(0.0089)
Constant 11.8479""" 12,1587 12.1408""
(0.3299) (0.3266) (0.4375)
Industry FE No Yes Yes
Time FE No No No
Observations 24 24 24
R2 0.5108 0.6747 0.6774
Adjusted R? 0.4886 0.6062 0.5878
Note: a'(p<:0.05; a'”"p<:20.01; M*p<:10.001

Annual data 2020-2025. Industries are broader NACE groupings.

Tables 3 and 4 present the robustness check using annual value added at constant prices as the
dependent variable; this covers a larger industry sample between 2020-2025. The results seen
in Table 3 suggest that the ETS price is negative and significant across the three
specifications. The coefficients are -0.0238 in the baseline and industry FE models, and
-0.0255 in the interaction model. This would mean that a 1 EUR increase in the ETS price is
associated with a 2.4% decrease in the log value added. This is a much larger effect than what
was found in the IPI analysis. This stronger result is consistent with the idea that value added,
by excluding intermediate inputs, captures a cleaner signal of the carbon price effect on
production efficiency than raw output. The interaction term is positive (0.0034) but
insignificant, and the low-medium intensity dummy is insignificant as well, which suggests
that the value added response to carbon pricing does not differ significantly between the two
intensity groups, at least not in this specification. The R-squared in the baseline model is high
at 0.511, which reflects the strong negative time trend in value added that coincides with the

increase in the ETS prices.

Table 4
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Value Added with Time Fixed Effects (No ETS Price)
Dependent variable:

Log Value Added (constant prices, MSEK)

Time FE Intensity Dummy Intensity Interaction
(1) (2) (3)
Low-Medium Intensity (dummy) 0.1271
(0.0817)

Constant 11.3890""* 11.2618™"" 113626

(0.0867) (0.0867) (0.1005)
Industry FE Yes Yes Yes
Time FE Yes Yes Yes
Observations 24 24 24
R? 0.9719 0.9719 0.9838
Adjusted R 0.9569 0.9569 0.9628
Note: *p<0.05; “*p<0.01; **p<0.001

Annual data 2020-2025. Industries are broader NACE groupings.

Table 4 replaces the ETS price with time fixed effects. This model achieves a very high
R-squared of 0.972 with industry and time fixed effects and 0.984 with the intensity
interaction. The low-medium intensity dummy is positive but insignificant (0.127). This
suggests no significant average difference in value-added levels between low-medium and
high intensity industries after controlling for time. The intensity interaction model indicates

that the two groups follow different time paths, and this is reflected by the higher R-squared.

Table 5

Correlation: ETS Price and Value Added by Industry

Industry Energy Intensity ~ Correlation with ETS Price
Pulp High Intensity -0.791
Steel High Intensity -0.745
Engineering Low-Medium Intensity -0.754
Food Low-Medium Intensity -0.863

Table 5 shows the value-added correlation, and this table shows a strong result. All four

industries included in the table are strongly negatively correlated with the ETS price: Pulp
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(-0.791), Steel (-0.745), Engineering (-0.754), and Food (-0.863). In contrast to the IPI
correlation table, where the pattern was mixed, the value-added correlations in Zable 5
suggest a negative relationship with the ETS price for both high- and low-medium intensity
industries. This could be the result of the longer time period of the value-added data
(2008-2025), which captures the long-run decline in value added as ETS prices increased.
However, it could be due to the price measurement of the pre-2022 data, which may

introduce a misleading negative correlation during the period of 2021-2023.
Employment Control

If the IPI results are driven by changes in labor input rather than productivity, we would
expect the ETS price coefficient to become statistically insignificant or change sign after
controlling for employment. If the coefficient still is significant, this would suggest that the

price effect is not simply reflecting the changes in labor input.

Table 6
IPI and ETS Price Controlling for Employment (No Time FE)
Dependent variable:
Log IPI (2021=100)
Baseline Industry FE Intensity Interaction
(1) (2) (3)
ETS Price 0.0003 0.0002 -0.0009*
(0.0003) (0.0003) (0.0004)
Log Employment -0.4757
(0.5830)
Low-Medium Intensity (dummy) 0.0092 0.3399 0.1675
(0.0087) (0.2876) (0.2644)
ETS Price x Low-Medium Intensity 0.0022™**
(0.0006)
Constant 4.4729%** 0.3609 2.9113
(0.0978) (3.5717) (2.6994)
Industry FE No Yes Yes
Time FE No No No
Employment Yes Yes Yes
Observations 64 64 64
RrR2 0.0280 0.0753 0.2554
Adjusted RrR2 -0.0038 -0.0044 0.1770
Note: *p=0.05; *p=0.01; **p=0.001

Quarterly data 2020Q1-2023Q4. Employment control included.

Table 6 contains the employment robustness check. This table is estimated on quarterly data
from 2020Q1 to 2023Q4. The baseline model (1) shows an insignificant ETS price

coefficient. In model 2, industry fixed effects are included; however, there is still no
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improvement in significance. Model 3 is the intensity interaction specification, and this
model resulted in a negative ETS price coefficient for the energy-intensive industries
(-0.0009, significance level at 5%). The model also produces a positive and highly significant
interaction term (0.0022), which gives the suggestion that the ETS price effect is more
negative for energy-intensive industries in comparison to low- to medium-intensity industries
after employment has been controlled for. The log employment is negative and insignificant
(-0.476), which suggests that changes in labor inputs do not entirely explain the variation in
IPI over this period. Although this differs from the main IPI results, the model provides
additional evidence that the ETS price-effect differs between intensity groups. This gives
support for the conclusion that energy-intensive industries could be more negatively

associated with high carbon prices than the low-medium intensity industries.

Table 7

Sample Selection Check: Employment Robustness

Full Sample Restricted (No Employment) Restricted (With Employment)
ETS Price 0.0009** (0.0003) -0.0009* (0.0004) -0.0009* (0.0004)
Log Employment -0.4757 (0.5830)
Low-Medium Intensity (dummy) -0.2522%%% (0.0374) -0.1073* (0.0407) 0.1675 (0.2644)
ETS Price x Low-Medium Intensity -0.0010 (0.0005) 0.0021*** (0.0006) 0.0022*** (0.0006)
Constant 4.7295*%*% (0.0240) 4.6211%%* (0.0288) 2.9113 (2.6994)
Industry FE Yes Yes Yes
Time FE No No No
Employment No No Yes
Observations 576 64 64
R 0.3807 0.2502 0.2554
Adjusted R? 0.3708 0.1855 0.1770

*p<0.05; ¥*p=<0.01; ***p<0.001. Full sample: 8 industries, 2020-2025 monthly. Restricted sample: 4 industries, 2020-2023 quarterly.

The sample selection check compares three specifications to test whether the sign change
observed in the employment model happened because of the employment control itself or
simply by the restricted sample.

The results of the sample selection analysis are reported in 7able 7. This three-column
structure directly addresses whether the earlier results for the employment regressions were
driven by employment control or sample selection. Columns 1 and 2 are estimated without
employment but on a different sample. Column 1 uses the full sample of 8 industries over

2020-2025, while column 2 is restricted to 4 industries over the period 2020-2023. The ETS
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price coefficient is positive (0.0009) in the full sample but flips to negative (-0.0009) in the
restricted sample, even before employment is included. This suggests that the sign change
observed in the employment robustness check is driven by sample selection rather than
employment itself.

The interaction term is positive and significant in both the restricted sample without
employment and the restricted sample with employment. This suggests that the differential
effect between high and low-medium energy intensity industries persists in both sample

restrictions and the addition of controlling for labor.

6.4 Summary of Results

To summarize, the results provide a mixed picture. The correlation analysis and the
employment-controlled robustness check give the result that three out of five
high-energy-intensive industries ( Wood, Steel, and Pulp) have negative correlations with the
ETS price. The interaction term in the employment-controlled model also suggests a more
negative ETS price effect for high-intensity industries. On the other hand, the main IPI
regression that does not include employment controls shows a positive ETS price coefficient,
which likely reflects the common business cycle. The time fixed effects analysis does not
reveal a clear systematic divergence between low-medium and high-intensity industries at the
monthly frequency. The value-added analysis is limited by the data available but suggests a
long-run structural decrease in energy-intensive industries that is consistent with increased
carbon pricing. However, a causal relationship cannot be completely confirmed. Overall, the
results seem to be more consistent with the traditional view that carbon pricing is associated
with a reduction in performance in energy-intensive industries than with the Porter
hypothesis. The evidence found here is, however, not strong enough to completely reject the

Porter hypothesis or to say that the traditional view is correct.
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7. Discussion

The purpose of this thesis was to examine how the increased EU ETS carbon prices have
been associated with industrial production in Swedish industries during the period
2020-2025. This period was chosen due to the sharp increase in the EU ETS price between
2021 and 2023. The main focus of this thesis was whether the relationship differed between
high-energy-intensive industries and low- to medium-energy-intensive industries. The
theoretical foundation for this thesis was the Porter Hypothesis. The main idea of this
hypothesis is that environmental regulation can stimulate innovation and efficiency
improvements that may offset the initial cost of regulation. The traditional view is that
environmental regulation mainly increases production costs and can therefore reduce

industrial production.

The results in this thesis provide mixed evidence. The main IPI regressions show a positive
and statistically significant association between the ETS price and industrial production for
high energy-intensive industries when industry fixed effects are included. This result appears
to support the Porter Hypothesis and the result found in the Zhang et al (2024) study, since
higher carbon prices are not associated with lower production in these industries. However,
this result should be interpreted carefully. The ETS price can vary over time but not across
industries, and therefore the coefficient may capture wider time trends or business-cycle
effects rather than a direct effect of carbon pricing. One explanation could be that if both
industrial production and ETS prices increased during the same period, the positive
coefficient found in the regression may reflect a common macroeconomic trend rather than

innovation caused by environmental regulation.

The interaction model in the same table causes the results to change substantially. The
positive ETS coefficient for energy-intensive industries remains in this model, while the
interaction term for low- to medium-energy-intensive industries is negative but not
statistically significant. This would suggest that the estimated ETS price effect is weaker for
low- to medium-intensive industries. However, the difference between the two groups cannot
be seen as statistically robust. Therefore, the main results do not provide clear evidence that
carbon pricing affected the two groups differently. At the same time, the results do not show a
negative relationship between higher carbon prices and production either, but it is difficult to

give support for either of the two hypotheses.
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The mixed results are then supported again in Figure I, where the ETS price increase seems
to coincide with a noisy upward movement in the estimated time trend for high-intensity
industries. It appears that higher-intensity industries, on average, seem to have lower IPI
before the price increase and higher IPI after the increase, if compared to the low-medium
intensity industries. As mentioned earlier, this would suggest that there is something going on
regarding the relative production of the two groups around the ETS price increase. However,

due to the considerable month-to-month variation, it is difficult to draw strong conclusions.

The descriptive correlations in 7able 1 provide important additional information for this
thesis. Three of the high-intensity industries, including wood, steel, and pulp, are negatively
correlated with the ETS price. This is more consistent with the traditional view that carbon
pricing creates additional costs for energy-intensive sectors. However, other industries, for
example, chemicals and petroleum, are positively correlated. This suggests that the effect of
carbon pricing may differ largely across sectors. These differences can be explained by many
different factors, some of which might be variation in input structures, export demand, energy

use, technological flexibility, and the ability of firms to pass on higher costs.

Regarding the value-added robustness checks, the results are more clearly in line with a
negative association between ETS prices and industrial production. The results differ from
the IPI results. Here, the value-added regressions show a negative and significant ETS
coefficient. Value added excludes intermediate inputs and may therefore provide a better
approximation of productive performance than the Industrial Production Index. However,
value added is still not a direct measure of productivity. This result, therefore, gives some
support to the traditional view that higher carbon prices may reduce industrial performance.
However, the robustness check is limited by differences in data frequency, industry

classification, and time period.

The employment robustness check at first suggests that higher ETS prices are more
negatively associated with production in high energy-intensive industries after controlling for
labour input. However, here the sample selection analysis shows that this result is mostly
driven by the restricted sample, rather than by the employment control itself. When the
sample is restricted to fewer industries and to the time period 2020-2023, it results in the ETS
coefficient becoming negative even before employment is included. This would suggest that
the relationship between ETS prices and industrial production is quite sensitive to the

selection of industries and time period.
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However, this thesis has some limitations that are important to discuss. The time period
2020-2025 includes several major economic shocks, including the recovery after the Covid
19 pandemic and Russia’s invasion of Ukraine. The Russia-Ukraine war is especially
relevant. Kommerskollegium (2024) argues that the war contributed to higher energy costs,
and emphasizes that these increased energy costs could have affected the competitiveness of
Swedish firms on the international market. These shocks occurred during the same period as
the sharp increase in ETS prices studied in this thesis. Therefore, this results in part of the
estimated relationship between ETS prices and industrial performance may reflect these
energy-market shocks and not a completely isolated effect of carbon pricing. Because these
macroeconomic shocks cannot be fully controlled for in the model, the results may be biased.
One limitation is therefore omitted variable bias, meaning that the results cannot fully support

the Porter hypothesis.

Another limitation is that the Industrial Production Index measures output rather than
productivity directly. Although IPI is useful to measure production and its availability at a
monthly frequency, it can be affected by demand, labour input, capital use, and other
macroeconomic conditions. Therefore, even if an estimated positive relationship between
ETS price and IPI is found. This does not necessarily mean that higher carbon prices
improved productivity due to innovation offsets, as explained by the Porter Hypothesis. This
is important in relation to the Porter Hypothesis, since the hypothesis mainly concerns the

effect on innovation and efficiency improvements rather than changes in output.

To conclude, the findings in this thesis provide limited support for a strong version of the
Porter Hypothesis. Although the main IPI model suggests a positive association between ETS
prices and industrial production, the robustness checks and industry-level correlations suggest
that the results should be carefully interpreted. The evidence found in this study is somewhat
more consistent with the traditional view, meaning that higher carbon prices may create cost
pressures for energy-intensive industries. However, the results are not strong enough to fully
reject the Porter Hypothesis either, and therefore neither of the hypotheses can be fully
confirmed. A balanced conclusion could be that carbon pricing may create short-run cost
pressures, while possible innovation effects may take longer to appear. In future research, the
use of longer time periods, firm-level data, and a more direct measure of innovation or
productivity should be used to better study whether carbon pricing leads to a long-term

increase in efficiency for Swedish industry.
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