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Abstract: The European Union Emission Trading Scheme (EU ETS) was launched in 2005 to meet the 

actions needed to tackle climate change addressed in the Kyoto Protocol. As an energy and raw material 

intensive industry, the European pulp and paper industry (PPI) is the 4th largest industrial energy user in 

the EU. This thesis studies the causal effect of the latest changes in the EU ETS on European PPI’s 

greenhouse gas emissions and tries to answer whether the EU ETS has been an efficient instrument in 

decreasing PPI’s emissions.  

The PPI is determined as a high risk industry for carbon leakage, meaning that there lays a risk if the EU ETS 

is too expensive, the industry might move its emitting production outside of the EU to countries where 

environmental regulation is weaker. To prevent this the PPI has gained all of its used emissions allowance 

units for free. Price of the carbon is still indirectly affecting the industry through energy and electricity 

prices and decreases to freely allocated emission allowance units has been made since 2013. 

The method used int his study is difference-in-difference which has been a popular statistical method to 

investigate the EU ETS’s impact on countries’ manufacturing industries. The core of the method is to 

determine a control group and a treatment group. The US states’ pulp and paper industry represents the 

control group and the EU countries represent the treatment group. The control group represents the 

development of the variable under study without the treatment effect which is then compared to the 

development of the treatment group’s variable which has been affected by the treatment. This study 

includes two types of treatments; the EU ETS’s price of carbon in 2010-2019 and cutting the amount of 

freely allocated emission allowances in 2013. For conducting the study, in addition to industry emissions 

also productions volumes, price of the energy without carbon price, price of the production and price of the 

carbon are included as control variables. 

The results of the study are similar to previous researches’ findings. Total emissions are affected by the 

production volumes and energy’s price, where production volumes’ effect is the most significant to total 

emissions. However, the study could not find significant effect of carbon price or cutting the amount of free 

emission allowances to total emissions which are in line with previous studies’ results. Based on the results 

it can be argued that the EU ETS has not been an effective instrument to decrease pulp and paper 

industry’s emissions and further discussions on finding more efficient tools are needed. 
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Tiivistelmä: Euroopan unionin päästökauppajärjestelmä (EU ETS) perustettiin 2005 täyttämään Kioton 

pöytäkirjassa asetettuja tavoitteita ilmastonmuutoksen torjumiseksi. Energia- ja raaka-aineintensiivisenä 

teollisuutena Euroopan sellu- ja paperiteollisuus on EU:n neljänneksi suurin teollisuuden energiankäyttäjä. 

Tässä pro gradu -työssä tutkitaan EU ETS:n viimeisimpien muutosten vaikutusta Euroopan sellu- ja 

paperiteollisuuden kasvihuonekaasupäästöihin ja tutkitaan, onko EU:n päästökauppajärjestelmä ollut 

tehokas väline kyseisen teollisuuden päästöjen vähentämisessä. 

Sellu- ja paperiteollisuus määritetään korkean riskin hiilivuototeollisuudeksi. Hiilivuodon riskillä tarkoitetaan 

riskiä, että kyseinen teollisuus siirtäisi tuotantonsa EU:n ulkopuolelle, mikäli päästökauppajärjestelmä käy 

liian kalliiksi ja mahdollisesti maahan, jossa ympäristölainsäädäntö on paljon heikompaa. Hiilivuodon 

estämiseksi sellu- ja paperiteollisuus on saanut kaikki käyttämänsä päästöoikeusyksiköt ilmaiseksi. 

Päästöoikeuden hinta vaikuttaa kuitenkin epäsuorasti teollisuuteen energian ja sähkön hintojen kautta. 

Lisäksi ilmaiseksi jaettavien päästöoikeusyksiköiden määrää on leikattu vuodesta 2013 lähtien. 

Työssä käytettiin Difference-in-difference -tutkimusmenetelmää, joka on suosittu tilastollinen menetelmä 

tutkittaessa EU ETS:n vaikutusta Euroopan maiden teollisuuteen. Menetelmä perustuu kontrolliryhmän ja 

käsittelyryhmän erojen vertailuun. Vertailuryhmä edustaa tutkittavan muuttujan kehitystä ilman muutosta, jota 

verrataan sitten hoitoryhmän muuttujan kehitykseen, johon muutos on kohdistunut. Tässä tutkimuksessa on 

tarkasteltu EU ETS:n päästöoikeuden hinnan vaikutusta vuosina 2010--2019 sekä ilmaiseksi jaettujen 

päästöoikeuksien määrän leikkausten aloitusta vuodesta 2013 eteenpäin. Yhdysvaltain osavaltioiden sellu- 

ja paperiteollisuus edustaa vertailuryhmää ja EU-maat edustavat käsittelyryhmää. Tutkimuksen 

suorittamiseksi on teollisuuden päästöjen lisäksi otettu kontrollimuuttujina huomioon tuotantomäärät, 

energian hinta ilman päästöoikeuden hintaa, tuotannon hinta sekä hiilen hinta. 

Tutkimuksen tulokset tukevat aikaisempien tutkimusten tuloksia. Kokonaispäästöihin vaikuttavat tilastollisesti 

merkitsevästi tuotantomäärät ja energian hinta, mistä tuotantomäärien vaikutus kokonaispäästöihin on 

suurin. Tutkimus ei kuitenkaan löytänyt merkitsevää vaikutusta päästöoikeuden hinnalla tai ilmaisten 

päästöoikeuksien määrän vähentämisellä kokonaispäästöihin, mikä on linjassa edellisten tutkimusten 

tulosten kanssa. Tulosten perusteella voidaan väittää, että EU:n päästökauppajärjestelmä ei ole ollut 

tehokas väline sellu- ja paperiteollisuuden päästöjen vähentämisessä ja lisäkeskusteluja tarvitaan 

tehokkaampien löytämiseksi. 
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1 Introduction 

The European Union Emission Trading Scheme (EU ETS) was launched in 2005 to 

meet the actions needed to tackle climate change addressed in the Kyoto Protocol to 

the United Nations Framework Convention on Climate Change (UNFCCC). In 

Kyoto Protocol legally-binding greenhouse gas (GHG) reduction targets were set for 

37 industrial countries. The EU ETS is based on a ’cap and trade’ system, where cap 

refers to the number of emission allowances in the whole system. To get total 

emissions down, the cap has been decreased every year since 2013.1 To this day 

there have already been three trading periods. As an energy and raw material 

intensive industry, the European pulp and paper industry (PPI) is the 4th largest 

industrial energy user in the EU (Moya and Pavel, 2018). Together with high-energy-

intensity and a potential to produce new non-fossil-based products, the PPI is an 

interesting industry to study further.   

To date, several studies have investigated the EU ETS’s impact on countries’ 

manufacturing industries. Some of the research includes distinguishing different 

sectors and a few studies have been made from specific country’s pulp and paper 

industry. The vast majority of studies on the EU ETS’s effects on European 

manufacturing have been difference-in-difference investigations and most of the 

studies have focused on the effects at the beginning of the EU ETS. In addition, there 

is a lack of studies examining effects on the PPI on European-level, although 

European Commission sees it as one of the solution industries in moving towards 

low-carbon, bio-EU.2  

As we have come to an end of the third trading period (2013-2020) it is appropriate 

time to look, how has the EU ETS affected the European PPI. There is an inadequate 

amount of research focusing on effects of third phase’s on manufacturing sector 

emissions which sets a challenge for this thesis. Stenqvist and Åhman (2016) noticed 

in their comparative study the problems of the EU ETS regarding the PPI due to 

PPI’s wide variety of products and heterogenous energy portfolio. In a difference-in-

difference study by Klemetsen et al. (2020), no effects to the industry’s emissions 

 
1 https://ec.europa.eu/clima/policies/ets/pre2013_en 
2 https://ec.europa.eu/growth/sectors/raw-materials/industries/forest-based/pulp-paper_en 
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was found at the beginning of the third trading period. These observations are 

supported by CEPI Statistics, which show that even though the industry has 

developed towards more emission-free production, there has not been a major 

improvement in acceleration during the third phase compared to the first two trading 

phases.  

In this thesis I am studying the causal effect of the latest changes in the EU ETS on 

European PPI’s emissions. My research question is ‘What is the causal effect of the 

EU ETS on European pulp and paper industry’s emissions during the phase three?’. 

Notable is that this is a cross section study on country-level and differences between 

effects on site-level can differ a lot.  

This thesis is constructed so that it first begins with the background of the EU ETS’s 

history and its evolving during three different trading periods and what is the PPI’s 

role in the EU. I will also shortly cover the carbon leakage, the risk of manufacturing 

moving away from the EU due to environmental regulation, in this case; the EU 

ETS. After this I am looking more into what previous literature tells about the EU 

ETS’s impacts on manufacturing in the EU during different trading phases. This is 

followed by validating chosen difference-in-difference methodology and going 

through the data for treatment and control groups.  

Lastly but not least, I will conduct a study and analyze the results with comparison to 

previous research results. The industry has developed in the last twenty years the 

demand for paper has decreased and for new bio-products the demand has increased. 

Based on previous research, the EU ETS seems to have only a small role in pulp and 

paper industry’s development and even smaller role in affecting total emissions of 

the industry. The results made in this study are supporting previous results and no 

statistically significant impact of the EU ETS on pulp and paper industry’s carbon 

emissions was found. Based on the results a critical discussion whether the EU 

emission trading scheme is an efficient tool in tackling the climate change or not is 

recommended.  
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2 Background and previous literature 

2.1 The European Union Emission Trading Scheme 

The European Union Emission Trading Scheme (EU ETS) has operated since 2005. 

It operates in all 28 EU countries plus Norway, Iceland and Lichtenstein covering 

around 45% of EU’s greenhouse gases. So far there has been three trading periods: 

2005-2007, 2008-2012 and 2013-2020. In the first and second periods emission 

allowances were distributed freely for the participant countries but in the third period 

there was a large reform transforming cost-free allocation to auctioning half of the 

allowances. The 4th period will start in 2021 and will last till 2030, with the 

continuation of auctions and decreasing the amount of freely allocated permits.3 

Some of the allowances are distributed freely to the participants to prevent emission 

leakages and manufacturing moving away from Europe. Rest of allowance 

distribution is done through auctions. If a participant needs more allowances it has to 

either reduce its GHG emissions or buy required allowances from the market. Vice 

versa a participant can sell allowances it does not need to other participants.4 There 

are allowances for three GHGs; carbon dioxide (CO2), Nitrous Oxide (N2O) and 

Perfluorocarbons (PFCs). For my thesis on pulp and paper industry, the CO2 

allowances are the relevant ones.5 One emission allowance, also known as EU 

Allowance (EUA) gives rights to emit one metric ton of CO2.
6 

The first phase (2005-2007) was so called training period or ‘pre-Kyoto protocol’. Its 

main function was to test and create the infrastructure needed to monitor the whole 

trading system needed in achieving the targets set in the agreement of 1997’s Kyoto 

Protocol. Covering only the power generators and most energy-intensive industries, 

most of the allowances were allocated freely. The emission cap was based on rough 

estimations and thus there was over supply of emission allowances and the price of 

allowances fell to zero at the end of the first trading period.7   

 
3 https://ec.europa.eu/clima/sites/clima/files/factsheet_ets_en.pdf 
4 https://ec.europa.eu/clima/sites/clima/files/docs/ets_handbook_en.pdf 
5 https://ec.europa.eu/clima/sites/clima/files/factsheet_ets_en.pdf 
6 https://ember-climate.org/data/carbon-price-viewer/ 
7 https://ec.europa.eu/clima/policies/ets/pre2013_en 



4 

 

 

The second phase (2008-2012) played a role of an implementation period. During 

this period it was targeted to meet the EU’s goals set in the Kyoto protocol goal of 

8% reduction from 1990 emission levels. This target was achieved with over 11% 

emission reductions during the phase 2008-2012 by the EU-15 countries under 

“burden-sharing” of the protocol.8 Most of the allowances were still allocated freely 

and auctioning was already started in some of the participant countries. Permits from 

the first phase were not allowed to be used and the advantage gotten from the 

training period was that now actual emissions were known so the cap was set to the 

right level. However, due to 2008 financial crisis productions dropped dramatically 

and there were again over-supply of allowances which was seen to affect emission 

prices during the second period.9 At the end of 2012 the price of the allowance was 

around 6 euros per emission allowance.10  

The third phase (2013-2020) has continued reaching the targets set in the Kyoto 

protocol of cutting the GHG emissions 20% by 2020 from the base year 1990’s 

emissions. In total, almost half of the allowances are still distributed freely to prevent 

carbon leakage but dominating method is now auctioning. Free emission allowances 

are also divided so that power generation sector gets 0% of their permits freely and 

industries facing a risk of carbon leakage are getting 100% of their permits free of 

charge.11 This can be argued to weaken the incentives of these industries to invest 

and innovate to more clean technology or production. To get actual emissions down, 

cap of allowances is cut linearly each year from 2013 onwards. The allowances’ 

price have increased from 2013’s 5 euros to 30 euros by the end of 2020 (Figure 2. 

EUA Price, 2020).  

 

2.2 Pulp and Paper industry globally and in Europe 

The pulp and paper industry is an energy and raw material intensive sector. It has 

high capital costs and long investment cycles. According to the International Energy 

Agency it is the world’s fourth largest industrial sector in terms of energy use and 

 
8 https://ec.europa.eu/clima/policies/strategies/progress/kyoto_1_en 
9 https://ec.europa.eu/clima/policies/ets/pre2013_en 
10 https://ember-climate.org/data/carbon-price-viewer/, 15.12.2020 
11 https://ec.europa.eu/clima/sites/clima/files/docs/ets_handbook_en.pdf p.25 



5 

 

 

covers in total around 5% of total global industrial energy consumption. When 

talking about climate change, besides intensive energy usage, the industry utilizes  

lot of raw materials that are under critical discussions, such as wood, chemicals and 

plastic packaging materials.  

Moya and Pavel (2018) stated in their study that the European Pulp and Paper 

industry is the 4th largest industrial energy user in the EU. It is also a substantial 

employer in the EU and according to European Commission, the sector employs 

approximately 650 000 employees in over 20 000 companies. According to the 

Confederation of European Paper Industries (CEPI), in 2019 out of 891 mills in EU 

most of the pulp and paper sites were located in Germany (168), Italy (157), France 

(89), Spain (79) and Sweden (78). 

Approximately 11,5 GJ of primary energy is needed to produce one ton of paper 

product, which can be compared to other energy-intensive products, e.g. cement. 

Even though the PPI requires energy, compared to other energy-intensive sectors it 

has an advantage to be able to use biomass which the kraft pulp process produces as 

a side product.12 Kraft pulp mills are able to be energy net-producers and provide 

energy for district heating. (Moya and Pavel, 2018) According to CEPI Statistics the 

pulp and paper industry has increased its share of biomass in energy portfolio from 

50% to 60% since the beginning of the EU ETS. There is also signs that the PPI has 

improved its energy efficiency and invested to newer and cleaner technology as the 

emissions per produced product have decreased 23% from 2005, half of the 

improvement occurring during the first and second phases and other half during the 

third trading phase. (CEPI statistics, 2019)  

The pulp and paper industry is under turning point. On one hand digitalization is 

decreasing the demand of printing paper but on the other hand digitalization and 

improving welfare are causing increase in demand for packaging materials and 

hygiene papers (Berg and Lingqvist, 2017).  The industry has also started to discover 

new potential usages for wood-based products and the EU sees the industry as an 

enabler industry to develop for instance, textile and packaging industries.13  

 
12 Please see Pavel and Moya (2018) for more detailed description of the product types, material and 

energy usage and the manufacturing processes of the PPI in Europe. 
13 https://ec.europa.eu/growth/sectors/raw-materials/industries/forest-based/pulp-paper_en 
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The PPI includes a wide variety of different products. In the EU ETS it has been 

divided into eleven grades, all categorized under a risk of carbon leakage. Due to its 

very heterogenous product and energy portfolio, there has been critique towards the 

EU ETS from the industry stakeholders. The Confederation of European Paper 

Industries (CEPI), which represents the European PPI,  would have wanted 64 

different product categories but had to settle for eleven as the 64 was not politically 

feasible (Stenqvist & Åhman, 2016). In 2005, Environment Director of the 

Confederation of European Paper Industries Esa Hyvärinen stated his concerns about 

the EU ETS’s impacts on PPI’s competitiveness. His concern was that the energy 

producers will move the price of carbon to the customers and this would have a 

negative effect on the European PPI’s profitability as it has to face the global prices 

and competition.  

 

2.3 Carbon leakage 

Environmental regulation is widely studied. Some of the studies state environmental 

regulation imposes a risk to international competitiveness of companies (e.g. Jaffe, 

1995). Since industries that are included in the EU ETS face higher price for carbon, 

there is a risk that European manufacturers face disadvantage compared to 

competitors that are outside the EU ETS’s impact area. This is concerning from the 

point of view of companies moving their manufacturing to countries that are not 

participating in the EU ETS and moving their emissions to countries with poorer 

environmental regulations than in EU countries. This is called carbon leakage. In 

addition of weakening the environmental impact, relocating manufacturing sites has 

other economical problems such as losses in taxes and positions of employment.  

One of the European Commission’s key elements to prevent carbon leakage is to 

divide some of the allowances freely. Goulder et al. (2010) even stated that by 

allocating some of the permits freely, companies’ might get higher profits than 

without the policy. Pulp and paper industry has been stated to be under carbon 
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leakage risk during the whole third phase and thus it receives more of the free 

emission allowances than some other sectors.1415 

There has been numerous studies on examining the EU ETS’s causal effect on 

carbon leakage. For instance, a difference-in-difference causal study made by Koch 

and Basse Mama (2019), they found out that in Germany, among multinational 

companies, there were only a -0.2% carbon leakage that could be blamed by the EU 

ETS. The change was most remarkable on those firms that were not capital-intensive 

and location-dependable. This part covers only a small fraction of all emissions but 

they noticed that all companies regulated by the EU ETS had increased their 

operations outside the EU on average between 24% to 28%.   

Naegele and Zaklan(2019) did similar findings. They did not find evidences that the 

EU ETS has caused carbon leakage in European manufacturing sector. One of the 

reason being emission cost being just a tiny fraction of all material costs. Their paper 

states that most of the sectors under the EU ETS enjoyed also a net subsidy from all 

free allocations. They mention that there are more factors in favor of keeping the 

manufacturing in Europe than moving away due to rather small emissions costs; such 

as stable political ground, availability of enough qualified employees, costs from 

relocating, bargaining power in influencing policy makers and position in the market. 

 

2.4 Previous literature 

2.4.1 The first trading period 

Löschel, Lutz and Managi (2019) investigated German manufacturing companies 

during the first and second periods and found out that EU ETS significantly 

increased economic performance of regulated firms in paper industry. They chose 

Germany since it is the biggest economy and also biggest emitter under EU ETS. In 

2013 Germany’s CO2 emissions covered over a fifth of European Union’s total GHG 

emissions. This research used firm-level data of companies with over 20 employees 

 
14 List of identified carbon leakage risk industries in 2013-2014: https://eur-lex.europa.eu/legal-

content/EN/TXT/PDF/?uri=CELEX:32010D0002&from=EN 
15 List of identified carbon leakage risk industries in 2015-2020: https://eur-lex.europa.eu/legal-

content/EN/TXT/PDF/?uri=CELEX:32014D0746&from=EN 
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collected by German statistical office. The data covered pretreatment period, the first 

trading period and the second trading period. On general level, no effects of the EU 

ETS was found on treated firms so they conducted heterogenous treatment effect 

investigation with the same methods to study if the effect had been different for 

different industries. Löschel et al. chose four different industries, including 

manufacture of paper and paper products. Of these industries some remained 

unaffected while other industries faced significant statistically positive impacts on 

efficiency when firms were in the treatment group. 

In general, previous studies indicate that total emissions in the EU ETS countries 

decreased around 3% during the first period. Most reductions happened in Western 

Europe rather than in Eastern Europe. However, it seems that the EU ETS did not 

affect that much but abatements were due to other reasons (Martin et al. 2014). For 

instance, for energy and resource efficiency main driving force has been in many 

cases financial and according to Martin et al.(2014) literature study, some of the 

manufactures were not even aware of their EU ETS situation.  

Martin et al. made observations on weaker effects of emission trading to Eastern 

Europe which is corroborated by Di Maria’s and Jaraite’s (2016) research on the EU 

ETS effects on Lithuanian firms. They did not find effect on emission reductions 

when studying the impacts of the first trading period between 2003-2007. Neither did 

they find significant differences on absolute CO2 emissions between the EU ETS 

treated group and control group. One reason was the number of allocated free 

emission allowances being too high for Lithuanian firms’ needs and when the trading 

started on second period, there were too many unused permits still left from the first 

period. However, the researchers found that the ETS-treated firms’ CO2 emission 

intensity of turnover started to decline from 2006. The development did not differ 

much from non-ETS firms but it can be argued that ETS-firms started to pay 

attention to their environmental efficiency. They noticed that the ETS-firms had 

moved away from oil towards less carbon-emitting gas. Di Maria and Jaraite 

summarized that due to over-allocation, emissions of the ETS-firms did not decrease 

over the first trading period. They also did not find negative nor positive effect for 

economic performance of ETS firms over first and second trading periods. In 
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general, incentives to abate emissions because of the EU ETS was low since there 

were too many allowances given freely. 

 

2.4.2 The second trading period 

Petrick and Wagner (2014a) noted in their study of the EU ETS’s causal effect on 

German manufacturing industry that especially during the second period the EU ETS 

caused emission reductions in treated firms. Remarkable is that during the second 

period reductions came from decreased carbon intensity – not from decreased 

production volumes. At EU ETS-treated firms the reduction in carbon intensity was 

from 18 percentage up to 30 percentage at statistically significant five percent level. 

This suggests that the treated firms were aiming to improve energy efficiency in 

production or switch from high-carbon fuels to low-carbon fuels instead of lowering 

production. To investigate actions behind reductions Petrick and Wagner conducted a 

qualitative analysis via interviews on 138 managers of German manufacturing firms’. 

Based on the interviews they made the conclusion that in the EU ETS-firms CO2 

emission abatements came from cutting down heat usage, instead of electricity. 

Treated firms optimized process heat usage especially through improvements in 

reusing waste heat. The researchers could not reject the hypothesis of the EU ETS 

affecting negatively to employment or gross output during the sample period. They 

also could not reject the hypothesis that the EU ETS did not affect any emission 

abatements during the first period.  

Similar results were found in other research of Wagner and Petrick (2014b). In their 

study of French manufacturing companies regulated under the ETS during the 2nd 

period emissions reduced 15-20% in regulated firms but employment also decreased 

significantly. Weak indication of second phase’s reducing impacts was found also in 

Klemetsen et al. (2020) research on the EU ETS’s effects on Norwegian 

manufacturing plants. 

 

 



10 

 

 

2.4.3 The third trading period 

Although Klemetsen et al. (2020) found in their difference-in-difference study during 

2005-2013 reducing effects on emissions of the second phase (2008-2012) they did 

not find any evidence of third phase’s reducing effects. They stated one of the 

explanations being “the fact that the manufacturing industries have received close to 

a 100 percent of the quotas they need to cover their business-as-usual emissions.”. In 

addition, the study-period covers only the first year of the third trading period so it is 

impossible to make assumptions of third phase’s success based on just this result.  

In a study investigating the free allocation effect during the 3rd period for cement and 

pulp and paper industries in the UK, Sweden and France, Stenqvist and Åhman 

(2016) reported sufficiently low CO2 emissions of European pulp and paper industry 

compared to energy needs due to a large use of biomass in energy. However they did 

not find a markable improvement in emissions during the EU ETS. When compared 

to other energy-intensive cement industry, PPI is more heterogenous industry with a 

large variety in product portfolio. Also energy portfolio differs based on a country. 

For instance, Stenqvist and Åhman noticed that when biomass covered around 90% 

of the energy portfolio in Sweden, its proportion was only 5% in the UK’s energy 

portfolio. One of their discovery was that using biomass for energy has not been 

taken into account enough in allocating free emission allowances and during the third 

period Sweden’s PPI was allocated allowances almost five times its actual emissions.  

These previous studies are supported by the data from EU, (see Figure 1) which 

shows that pulp and paper industry has gained more free emission allowances than it 

has actually needed during the whole existence of the trading scheme. What is 

notable is that the gab dropped in 2013, when the third trading period started and has 

shrank ever since.16 

 
16 https://www.eea.europa.eu/data-and-maps/dashboards/emissions-trading-viewer-1, 17.3.2021 
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Figure 1: Freely allocated emission allowances to the pulp and paper industry and the pulp and 

paper industry’s realized verified emissions. Source: EUTL 
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3 Methods 

Previous studies are supported by the data from the European Union Transaction Log 

(EUTL), which shows that the pulp and paper industry has gained more free 

emission allowances during the whole existence of the trading scheme than it has 

actually used. Looking at the Figure 1 at previous chapter it seems that at least 

cutting the free EUA’s at the beginning of the third period did not have any radical 

effect on emissions. The direction of emissions seem to be downwards but very 

modest, an exception in year 2008’s drop in emissions which is most likely due to 

sudden decrease in production volumes during Financial crisis in 2007-2008. 

When taking a look to the emission allowance units’ price (Figure 2), there have 

been oversupply of emission allowance units since the Financial crisis (2007-2008) 

which led to a decrease of prices and from 2012 to the beginning of 2018, the 

emission allowance price did not cross the line of 10 euros per permit.17 To tackle 

this issue the European Commission agreed on the Market Stability Reserve on late 

2017. Its main purpose is to affect the long-term market stability and carbon price 

volatility and move to reserve those allowances that are causing the oversupply 

issues. And as can be seen from the Figure 2, the price has gone up ever since.18 

 
17 https://www.refinitiv.com/perspectives/market-insights/will-high-european-carbon-prices-last/ 
18 Makkonen et al., Regional carbon price floor in EU ETS – Case studies in the Nordic and Baltic 

energy markets, Publications of the Government´s analysis, assessment and research activities 

2019:71 
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Figure 2: Price of the EU Allowance from the beginning of the EU ETS to late 2020. EUA Price 2020. 

Source: Ember 

 

When combining the annual average of the EUA price development to a figure with 

free allowances and verified emission (Figure 3) it can be stated that at least seen by 

the naked eye, the development of actual emissions has been very stable or slightly 

decreasing and no clear big changes in verified emissions due to price changes can 

be observed but the trend being slightly downwards for emissions.  

 

 

Figure 3: Free emission allowances to the PPI, realized verified emissions of the PPI and the price 

development of emission allowance unit.  
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Most researchers investigating causal effect of the EU ETS on manufacturing 

industries have utilized difference-in-difference approaches with nearest neighbor 

matching. Almost all referring to Heckman et al. researches in 1997 and 1998. A 

nominating character for researches have been the country- and site-level 

information. They have been combining one country’s site-level data to distinguish 

those sites that are part of the trading scheme from the sites that are not participating 

and trying to find as similar sites as possible by matching. Martin et al. (2014) 

emphasize in their literature study that since the electricity producers are 

participating the trading scheme, it will affect all industries indirectly regardless 

themselves being part of the ETS or not. 

Wagner and Petrick (2014),  Klemetsen et al. (2016), Di Maria and Jarait (2016) and  

Löschel et al. (2019) all used difference in difference -method in their research to 

study causal effect of the EU ETS to manufacturing industry. They all also used 

nearest neighbor matching technique to improve the comparison between the treated 

firms and non-treated. For this thesis’s study the difference-in-difference method is 

applied but the nearest neighbor matching is excluded due to limits set by data and 

time. 

Previous studies are made on site-level which makes it easier to form a larger 

database. However problems with having the control and treatment group from the 

same country has its downsides. Since the EU ETS covers all the big sites, it is 

difficult to find an actual good match from non-participating sites as the treatment 

group includes all the big sites and control group only very small sites which creates 

already a big difference between the groups. This creates problems also in finding a 

good match to study a specific industry, as it is possible to have all sites of the 

industry mostly in either one of the studied groups (control or treatment) creating a 

situation where the best available match from control group might be a site from 

another industry sector.  

Other significant problem is that as whole electricity and energy sector is 

participating the trading scheme without having any freely allocated allowances, also 

those sites that are not itself participating in the EU ETS will still be indirectly 



15 

 

 

affected through bought energy and electricity. Previous studies have justified this by 

using assumption of the stable unit treatment value (SUTVA) by Imbens and Rubin 

(2015) to assume that the EU ETS only affects participating sites excluding spillover 

and equilibrium effects.  

Possible violations of SUTVA are equilibrium effects across industries, such as 

energy price’s effect on both control and treated firms, or equilibrium effects within 

industries in which the production moves from participating sites to unparticipating 

ones. These problems are not faced in this thesis’ study as the control group is 

chosen totally outside of the EU ETS so we can assume that the EU ETS is not 

affecting the control group even indirectly. 

 

3.1 Difference-in-difference 

Difference in difference (Diff-in-Diff or DiD) is a statistical method in econometrics, 

used to study the causal effect of policy implementation. The core of the technique is 

to have one group, which is treated with the new policy and other group, which is not 

treated. The untreated group is called the control group and treated one is the 

treatment group. The core assumption in Diff-in-Diff is that without the policy 

implementation, the average outcomes of the groups’ would have followed similar 

paths. The effect of the treatment is calculated with the average treatment effect 

(ATT), which can be estimated by comparing the average outcome happened of the 

treatment group to the average outcome of the control group.  

A basic Diff-in-Diff estimator is based on a linear regression: 

𝑦𝑖𝑡 =  𝛽0 + 𝛽1𝑝𝑜𝑠𝑡𝑖𝑡 + 𝛽2𝑇𝑖𝑡 + 𝛾 ∙ 𝑝𝑜𝑠𝑡𝑖𝑡 ∙ 𝑇𝑖𝑡 + 𝛽3𝑥𝑖𝑡1 + ⋯ + 𝛽𝑘𝑥𝑖𝑡𝑘 + 𝑢𝑖𝑡       (3.1) 

Where, 𝑦𝑖𝑡 is outcome for group i at time t, 𝛽1 is baseline changes over time, 𝛽2 is 

initial differences, 𝛾 is the average outcome treatment effect for 𝑦𝑖𝑡, 𝛽3 to 𝛽𝑘 stands 

for controls that are observable differences within and between the groups. 𝑇𝑖𝑡 marks 

whether the group is at the treatment (𝑇𝑖𝑡 =1) or control (𝑇𝑖𝑡 = 0) group and 𝑝𝑜𝑠𝑡𝑖𝑡 

tells if the term is happening before (𝑝𝑜𝑠𝑡𝑖𝑡 = 0) or after (𝑝𝑜𝑠𝑡𝑖𝑡 = 1) the treatment. 

𝑢𝑖𝑡 stands for the error term. 
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Taking into account the regression in equation 3.1 when setting 𝑇𝑖𝑡 and post variables 

based on the groups and post- and after the treatment periods the basic setup without 

control variables for the DiD looks like: 

Table 1: Diff-in-Diff without controls: 𝛽0 + 𝛽1𝑝𝑜𝑠𝑡𝑖𝑡 + 𝛽2𝑇𝑖𝑡 + 𝛾 ∙ 𝑝𝑜𝑠𝑡𝑖𝑡 ∙ 𝑇𝑖𝑡 + 𝑢𝑖𝑡 

 Before the treatment After the treatment After - Before 

Treatment group 𝛽0 + 𝛽2 𝛽0 + 𝛽1 + 𝛽2 + 𝛾 𝛽1 + 𝛾 

Control group 𝛽0 𝛽0 + 𝛽1 𝛽1 

Treatment - Control 𝛽2 𝛽2 + 𝛾 𝛾 

 

And in a simplified figure the Diff-in-Diff looks like: 

 

Figure 4: Basic Diff-in-Diff as a graph 
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3.1.1 Nearest neigbor matching 

One way to improve control group’s comparison to treatment group is to find a 

proper ‘match’ from the control group to each treatment group’s individual. Previous 

literature (such as Löschel et al., 2019, Klemetsen et al., 2016 and Wagner and 

Petrick, 2014) have been referring to matching approach used in Fowlie et al. (2012) 

study, which uses the nearest neighbor matching estimator by Heckman et al. (1997 

and 1998):  

𝛾𝑎𝑡𝑡 =  
1

𝑁1
∑ {(𝑌𝑗𝑡1

(1) − 𝑌𝑗𝑡0
(0)) − ∑ 𝜔𝑗𝑘 (𝑌𝑘𝑡1

(1) − 𝑌𝑘𝑡0
(0))𝑘∈𝐼0

}𝑗∈𝐼1
               (3.2) 

Where, 𝐼1 marks the treated group and 𝐼0 marks untreated group, 𝑁1 is the amount of 

participants in the treatment group. The treated are indexed by j and untreated are 

indexed by k. 𝜔𝑗𝑘 is a weight on control group when making a counterfactual 

estimate for j. Weights for controlled sites are made with nearest neigbor matching 

process, where similarity to treated sites is based on control variables X. 

For this study the nearest neighbor matching is not used due to time limits of the 

research and uncertainty caused from weighed production volumes of control group, 

which decreases the reliability of nearest neighbor matching. Also, only one industry 

sector is under study so it can be assumed that all individuals are similar enough 

within each other so that matching would not add this study’s value remarkably. For 

future studies with larger and more accurate dataset matching would be 

recommended. 

 

3.1.2 Linear regression assumptions two and four 

As DiD uses a linear regression model a look into the general regression assumptions 

is needed.19 In DiD studies usually the assumptions two and four are at least partly 

violated. The second assumption assumes that observations are independent, which is 

not the case in DiD as we are following the same individual’s development over time 

so this assumption is always violated in DiD.  

 
19 Wooldridge, Introductory econometrics, p.59 
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The forth assumption is the error term’s excpected value to be zero. For the forth 

assumption to hold treatment group and control group must have common trends. 

Having common (or parallel) trends means that it is assumed that the treated group 

would have developed the same way as the control group had the treatment not be 

done. If the trend is non-parallel then there exists endogenity problem in regression 

where the effect of time is different for the treatment group even if the treatment 

group was not treated. This creats unobserved treatment effect which goes to the 

error term making the expected value of error term non-zero. The parallel trend -

assumption is one of the most critical assumptions of DiD and it must be justified 

through argumenting when choosing a proper control group and for instance 

checking from a figure the development of studied variable’s time series in both 

groups and whether they seem to be parallel or not. The justification of this study’s 

control group is done in the chapter 3.3.  

 

3.1.3 Pooled panel regression 

As the data is balanced panel data including many countries and states and their 

PPI’s emission development over time, in addition to other time-varying individual-

specific variables, I am using pooled panel regression to do the diff-in-diff study. 

(Baltagi, 2005)  

Our simple panel data regression looks like: 

        𝑦𝑡,𝑖 = 𝛼 + 𝑋′𝑗𝛽 +  𝑢𝑖𝑡                                                                 (3.3) 

Where i marks the cross-section dimension, meaning individuals and t marks the 

time-series dimension. X includes variables, such as production volumes and coal’s 

price in our case.  

As I am focusing on a specific industry, the fixed effect model will suit better than 

the random effect model, which would be better choice in cases where the 

individuals are chosen randomly. When subtracting averaging over time regression 

from simple regression we get the fixed effect model for panel data: 

      𝑦..̅ = 𝛼 + 𝛽𝑥..̅ + 𝑢..̅                              (3.4) 
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3.2 Data 

I am using Diff-in-Diff with panel regression and added controls to conduct this 

study. The main tool for conducting analysis is R. Before going more detailed into 

the data investigation is done for the holding of parallel trend -assumption. From the 

Figure 5 it can be seen that the greenhouse gas emissions of the treatment group and 

control group seem to have very similar, quite horizontal development over time.  

Also the time series of the groups’ production over time (Figure 6) seem to go a 

similar path. So we can quite confidently state that the parallel trend -assumption 

holds. The arguments of control group’s general suitability will be discussed more in 

later parts. 

 

 

Figure 5: Upper figure plots US states’ greenhouse gas emissions during the time 

period under investigation (2010-2019) and lower figure plots greenhouse gas 

emissions of EU countries’ from the same time period, the third trading period is 

marked with red color. 
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Figure 6: Control group’s (US states) and Treatment group’s (EU countries) 

greenhouse gases plotted in the same figure 

 

3.2.1 Variables  

More detailed description of the variables and their sources can be found in 

Appendix 2. Variables chosen for this study are: 

Time Yearly data from 2010 to 2019. 

Emissions Yearly data of fossil carbon emissions of each individual country’s or 

state’s pulp and paper industry.  

Output Yearly data of pulp and paper production volumes for each individual. 

Includes both per year per country(n=18) or per state(n=29). For states production 

volumes are calculated by a weighed proportion based on the amount of sites at one 

state. 

Output price index Annual averages from monthly data. Describes the producer’s 

price for manufacturing of pulp and paper. A producer’s price for pulp is used to 

describe both pulp and paper production as pulp is the main raw material for paper. I 

am assuming perfectly competitive markets for manufacturing costs (e.g. labor and 
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raw material costs) for the EU and the US meaning all EU countries are facing the 

same EU’s output price and vice versa all US states face the same US’s output price. 

Index year 2010 = 100.  

Energy’s price Annual averages from monthly data. Price of coal per emitted ton of 

CO2. Converting from price of coal per coal ton to price of coal per emitted ton of 

CO2 is done because it enables us to take into account the effect of EUA on energy 

price when they are in the same unit. Divided into areas for US states’ and Europe’s 

coal’s price as I am assuming energy markets in EU and US being perfectly 

competitive thus energy’s price can be divided similar than in Output price index. 

Prices found in US dollars but converted to euros for Europe. Index year 2010 = 100. 

For coal’s price development see Appendix 1. 

EU emission allowance unit’s price Annual averages for emission allowance unit. 

One unit gives permit to emit one ton of CO2. Price of the EUAs in euros. Divided 

into areas for the US’s states and Europe. For the US states value for EUA is zero.  

 

3.2.2 CES production function 

The country’s production function is: 

                      max
{𝐿,𝐸}

𝑃 ∙ 𝑌 − 𝑤 ∙ 𝐿 − 𝑝𝐸(1 + 𝜏)𝐸                                            (3.5) 

Where, Y is total output, P is the price, 𝑤 ∙ 𝐿 is the price of labor and E is the amount 

of energy needed (= CO2 emissions),  𝑝𝐸  𝑖𝑠 price of energy without the EU ETS and 

𝜏 is price of an EUA.  

The emissions of the industry can be derived from the constant elasticity of 

substitution (CES) production function (Arrow et al., 1961): 

  𝑌𝑡,𝑖 = 𝐹(𝐿𝑡,𝑖, 𝐸𝑡,𝑖) = [𝛼
1

𝜎
𝐿

𝑡,𝑖

𝜎−1

𝜎 + (1 − 𝛼)
1

𝜎
𝐸

𝑡,𝑖

𝜎−1

𝜎 ]
𝜎

𝜎−1                       (3.6) 

Taking the first-order-condition with respect to emissions E we get: 

𝐸 =  𝛼 [
𝑝𝐸(1+𝜏)

𝑃
]

−𝜎

𝑌                       (3.7) 
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And to conduct diff-in-diff study we take the logarithm to get: 

log 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑡,𝑖 = 𝛼 + 𝛽1 log 𝑒𝑛𝑒𝑟𝑔𝑦𝑡,𝑖 + 𝛽2 log 𝑒𝑡𝑠𝑡,𝑖 + 𝛽3 log 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛𝑡,𝑖 (3.8) 

Where, emissions are emitted CO2 tons and energy is relative price for a ton of coal 

per emitted CO2 ton divided with the output price index. Ets marks the relative price 

of the emission allowance unit and production volumes of produced pulp and paper 

in tons. 

Relative price of the energy is defined by: 

log 𝑒𝑛𝑒𝑟𝑔𝑦𝑡,𝑖 = log (
𝑝𝑟𝑖𝑐𝑒 𝑜𝑓 𝑐𝑜𝑎𝑙 𝑝𝑒𝑟 𝑡𝐶𝑂2 𝑡,𝑖

𝑜𝑢𝑡𝑝𝑢𝑡 𝑝𝑟𝑖𝑐𝑒 𝑖𝑛𝑑𝑒𝑥𝑡,𝑖
)                      (3.9) 

The relative price of the ETS is defined by: 

log 𝑒𝑡𝑠𝑡,𝑖 = log (1 +
𝑝𝑟𝑖𝑐𝑒 𝑜𝑓 𝑎𝑛 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑎𝑙𝑙𝑜𝑤𝑎𝑛𝑐𝑒 𝑢𝑛𝑖𝑡 𝑝𝑒𝑟 𝑡𝐶𝑂2 𝑡,𝑖

𝑝𝑟𝑖𝑐𝑒 𝑜𝑓 𝑐𝑜𝑎𝑙 𝑝𝑒𝑟 𝑡𝐶𝑂2 𝑡,𝑖
)   (3.10) 

The effect of the third trading period, mainly meaning the cutting of freely allocated 

emission allowance units, is also studied. For this log 𝑒𝑡𝑠𝑡,𝑖 is replaced with a country 

and time dummy did which studies the effect, if an individual is participating the EU 

ETS at the third trading period: 

 𝑑𝑖𝑑 = (𝐴𝑟𝑒𝑎 | 𝐸𝑈 = 1) × (𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡  | ≥ 2013)                     (3.11) 

 

3.2.2.1 Treatment group 

The Confederation of European Paper Industries (CEPI) is a non-profit organization 

founded in 1992. One of its main purposes is to represent the European pulp and 

paper industries to the European institutions. Currently members of CEPI cover 

around 92% of the industry in terms of production, which includes almost 500 pulp, 

paper and board companies.20 In this study a dataset from CEPI is used for the 

treatment group, which has collected yearly information of its 18 member countries 

from 2010 to 2019. The dataset is on country-level and includes number of mills, 

 
20 CEPI Historic Statistics 1991-2019, 2020. 
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employees and total pulp and paper production volumes as well as imports and 

exports of pulp and paper. All CEPI members are monitored under the EU ETS. 

For free emission allowances and industry emissions data from the European Union 

Transaction Log (EUTL) is used. The EUTL is a central transaction log, run by the 

European Commission. It provides “aggregated data by country, by main activity 

type and by year on the verified emissions and allowances.”21   The EUTL data was 

also used by previous research studies. In former studies the EUTL data is connected 

with national data whereas with CEPI’s data I have looked at the whole industry and 

not specifying whether one site is participating in the EU ETS or not to get a bigger 

picture from whole PPI’s situation and emission development in Europe. 

Variables taken from CEPI data are production volumes of each country. CO2 

emissions are taken from the EUTL and the producer or output price index is from 

Eurostat. Energy price is coal price in European market and for the treatment group 

the price of the emission allowances is added which is the price of the EAU taken 

from Ember. 

 

3.2.2.2 Control group 

The United States’ pulp and paper industry is chosen as a control group, where each 

state is treated as one country. Validation for control group is based on the similarity 

with the treatment group European PPI. Both groups are western democratic cultures 

located in Northern Hemisphere. Based on one of the most used climate 

classification systems Köppen, they have quite similar climate groups within their 

regions.22 Canada would have been even more suitable based on the Köppen criteria 

but as many of its states are already participating in some sort of emission trading 

scheme, the control group would have been too small for this study. 23 

One of the critical validations for control group is the common trend with the 

treatment group as stated in chapter 3.1. In previous paragraph arguments for 

choosing the US was made and by looking at the Figure 7 below of the US pulp and 

 
21 https://www.eea.europa.eu/data-and-maps/dashboards/emissions-trading-viewer-1 
22 https://www.nationalgeographic.org/encyclopedia/koppen-climate-classification-system/, 20.4.2021 
23 https://www.energyhub.org/carbon-pricing/, 20.4.2021 
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paper industry emissions’ development and European PPI emissions’ development it 

can be said with confidence that emission development of these groups seem to be 

parallel. 

 

 

Figure 7: Greenhouse gas emissions’ development in the treatment group (EU) and 

the control group (US). Dark red marks the participation in the third trading period. 

 

Only those US states that have production of pulp and paper and are not participating 

in any emission trading schemes are included, which means in total of 29 states. For 

instance, California has its own cap-and-trade ETS for industrial and electricity 

sectors 24 and the northeast states have The Regional Greenhouse Gas Initiative 

(RGGI) ETS for electricity markets. These can indirectly affect also local PPI 

creating the violation of SUTVA. The RGGI includes PPI states Connecticut, Maine, 

New York and Vermont25.  

The US states’ PPI’s emissions from 2010 to 2019 are found in United States 

Environmental Protection Agency’s (EPA) Facility Level Information Greenhouse 

 
24 https://www.c2es.org/content/california-cap-and-trade/, 5.4.2021 
25 https://www.rggi.org/program-overview-and-design/elements, 5.4.2021 
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gases Tool (Fligt). EPA’s emission tool provides also the amount of sites which is 

used to calculate the weighted average of production for each state as only the 

production volume for whole US PPI is openly available. Output price index is taken 

from Federal Reserve Economic Data (FRED) to mark production’s price in the US. 

Energy price is the coals’ price in US and the price of emission trading scheme is 

marked as zero as the states in the control group are assumed to not be affected by 

the EUA price. 
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4 Analysis 

4.1 Results  

This study’s null hypothesis is that the EU ETS’s third period has not have an effect 

on the European PPI’s greenhouse gas emissions. As the PPI has been categorized as 

an industry facing carbon leakage risk, and thus has received most of its emission 

allowances for free, it is not expected to find any major effects caused by the EU 

ETS. In fact, based on previous studies and over supply of freely allocated emissions 

to the industry it is expected to get result of the EU ETS not being an efficient tool to 

diminish pulp and paper industry’s emissions. This is also affirmed by the fact that 

the investments made in the industry are large and are made in long-term so changes 

in daily or yearly changes of carbon prices would not affect emissions at all.  

At first, the effect of the price for the EU ETS’s emission allowance unit was studied 

during the whole time period (table 2). Log_enerypercosts is significant under 0.1 

percent level and having a positive impact of 0.49832 on emissions which is due to 

both coal price per tCO2 and output price index correlating positively on total CO2 

emissions (see Figures 9 and 10). Also production volumes log_ouput is statistically 

significant under one percent level and having the largest effect on emissions with 

0.97079 impact. Meaning that for instance increasing production with 0.1 percent 

will increase emissions with almost one percent (see Figure 8 on next page). The EU 

ETS’s price estimated effect is negative but it is not significant so we cannot say 

anything about the effect of the EU ETS’s price on total emissions.  
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Table 2: Diff-in-diff with regression and controls, the ETS’s relative price to energy 

price per  CO2. Using equation 3.8 

  log_emissions 

Predictors Estimates CI p 

(Intercept) -0.49 -0.85 – -0.14 0.006 

log_energypercosts 0.50 0.27 – 0.73 <0.001 

log_ets -0.17 -0.59 – 0.26 0.442 

log_output 0.97 0.92 – 1.02 <0.001 

Observations 470 

R2 / R2 adjusted 0.809 / 0.807 

 

 

 

Figure 8: Production volumes has strong positive effect on greenhouse gas 

emissions. Meaning that when production volumes increase, also total emissions 

increase. 
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In the next setup (see table 3), the effect of the 3rd phase was studied. The 3rd trading 

phase is marked as a country dummy only participating the EU ETS during 2013-

2019. The dummy is named did and it basically tests whether cutting the amount of 

freely allocated allowances had some effect on emissions. Log_enerypercosts is 

statistically significant at under 0.1 percent level and having a positive impact of 

0.48741 on emissions. From Figures 9 and 10 it can be stated that relative price of 

the energy having a positive impact on emissions is caused from both coal price per 

tCO2 and output price index correlating positively on total CO2 emissions. Also 

production volumes log_ouput is significant under 0.1 percent level and having the 

largest effect on emissions with 0.96957 impact. Meaning that increasing production 

with one ton will increase emissions with almost one ton of CO2. The 3rd trading 

period has a very small negative impact but it is not statistically significant so we 

cannot say anything about the effect of the third period and cutting freely allocated 

emission units on total emissions.  

 

Table 3: Diff-in-diff with regression and controls, dummy variable = participation in 

3rd phase. Using equation 3.8 but 𝛽2 log 𝑒𝑡𝑠𝑡,𝑖 is replaced with “did” from equation 

3.11 

  log_emissions 

Predictors Estimates CI p 

(Intercept) -0.50 -0.85 – -0.15 0.005 

log_energypercosts 0.49 0.27 – 0.71 <0.001 

did -0.07 -0.24 – 0.10 0.428 

log_output 0.97 0.92 – 1.02 <0.001 

Observations 470 

R2 / R2 adjusted 0.809 / 0.807 
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Figure 9: Coal price have a positive effect on total emissions. Indicating that when 

increase in coal price happens, also total emissions increase.  

 

 

Figure 10: Also Output’s price index has positive effect on total emissions. As the 

output price index is denominator in relative price of energy, an increase in output 

price index indicates decreases in total emissions.  
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Neither studies could confirm that the EUA’s price or cutting free allowances in 3rd 

period had any impact on total emissions. Both studies supported the fact that 

production volumes are strongly correlating with emissions and both models have 

high adjusted R-squared of almost 81%. In both models output’s effect was similar, 

almost one, indicating that there is constant returns of scale when it comes to 

production volumes’ impact on total emissions. To confirm this, a two-tailed paired 

t-test was done. The results show that log_emission’s mean is slightly smaller (6.41) 

than log_output’s mean (7.78) and the mean of differences is statistically significant 

of -1.37 (95% confidence interval from -1.45 to -1.30), p < 2.2e-16.  

 

 Paired t-test 
 
data:  log_emissions and log_output 
t = -36.002, df = 469, p-value < 2.2e-16 
alternative hypothesis: true difference in means is not equal to 0 
95 percent confidence interval: 
 -1.449365 -1.299337 
sample estimates: 
mean of the differences  
              -1.374351 
 
 

Both studies resulted in positive effect of relative price of coal -variable, which is 

unexpected. In our theoretical model’s elasticity of substitution for relative price of 

coal is negative meaning that increase in coal price should decrease total emissions. 

However, our results are arguing opposite and instead increase in coal relative price 

also increases total emissions. Figures 9 and 10 both illustrate that this increase is 

caused by both coal price and output price index correlating positively on PPI’s total 

emissions. On the other hand, there might be cross-correlation between production 

volumes and fossil-based energy prices, where increase in production creates more 

demand for energy and that way increases energy’s price. Increase in production 

would also cause increase in manufacturing costs as more employees and raw 

materials is needed.  

The results are leaving some explanation variables out that are not part of this study 

as can be seen from CEPI’s data where the EU countries’ PPI’s total emissions have 
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decreased 18% from 2010 to 2019 and the production volumes have decreased only 

5% over the same time period so there are some indications of the pulp and paper 

industry moving toward less fossil-carbon-intensive production. But the driving force 

for this trend is not the EU ETS.  

Results between the EUA’s price and third’s period impact (= cutting amount of free 

allowances) were very similar due to the reason of time period under study being 

mostly from the 3rd trading period. The summary of both studies’ results are in 

Appendix 3. In further studies, taking a longer time period, preferably before starting 

of the EU ETS in 2005, would help to distinguish, whether cutting the freely 

allocated emissions had bigger effect on emissions than emission allowance’s price. 

 

4.2 Compared to previous studies’ results 

The results of this study are similar to Klemetsen et al. (2020) results from 

Norwegian manufacturing plants where the estimated effect of third trading period 

was negative but not significant. Stenqvist and Åhman (2016) results confirm this 

also as their statement was that there is no observable improvement in European pulp 

and paper industry’s CO2 emissions and decreases in total CO2 emissions can be 

mostly explained by decreasing of production volumes.  

 

4.3 Critique of the study 

Few mistakes of this study can be argued to be the time period being too short and 

including only years from the time when the EU ETS has been functioning. Another 

lack of the study can be stated to be leaving out the testing of matching effects 

impact on end results.  

The biggest problem for this study is the nature of the database, which is the small 

amount of observation points and short time period. Especially problematic is that 

the time period before treatment is only three years and time period after treatment is 

seven years, whereas it would have been better to have longer period from before the 

treatment to better study the effect of cutting free EUAs. 
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Pre-treatment period included also emission allowance unit’s price so this is not a 

comparison whether the ETS has affected the European PPI but more on if the 

changes made in third trade period have had different impact than second period’s 

setup.  

Another error is related to the US states’ production data which was not as good 

quality as the EU countries’. Production’s estimated effect’s scale might have been 

different had the data be on state-level. Weighed production volumes for control 

group also prevented the use of matching method. 
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5 Conclusions 

This study could not reject its null hypothesis of the EU ETS not affecting the 

European pulp and paper industry’s emissions. Production volume’s effect is logical 

as the first impression is that an increase in production volumes also causes increase 

in emissions. Instead, an increase in fossil-based energy’s price causing also increase 

in total emissions is surprising.  

An improved study would be to have site-level data from both the EU countries and 

the US states so that convincing nearest neighbor matching with a large dataset 

would be able to execute. It is evident that the EU ETS is not a very effective tool to 

tackle emissions of the PPI. As more emission trading schemes are being started (e.g. 

in China26) the pressure for reporting of emissions will increase globally and better 

data will hopefully be available. During the upcoming years more studies should be 

done and studied, if the EU ETS would affect the PPI when the industry has to pay 

some of its emission permits27 during the just-started forth trading period.28 

Based on these results and previous results, there should be a critical discussion 

whether the EU ETS is actually a good instrument to decrease pulp and paper 

industry’s emissions and are there possible other trends or tools that are affecting the 

industry, such as regulation of sustainable biomass in energy usage.29 

 
26 https://www.spglobal.com/platts/en/market-insights/latest-news/coal/010621-china-to-launch-

national-carbon-emissions-trading-scheme-on-feb-1, 29.4.2021 
27 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019R0331&from=EN, p.25-

28. 29.4.2021 
28 https://ec.europa.eu/clima/policies/ets/revision_en, 29.4.2021 
29 https://ec.europa.eu/energy/topics/renewable-energy/biomass_en, 29.4.2021 
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Appendix 

Appendix 1: Development of coals’ price in EU and United States. Source: Our 

World in Data 

 

 

Appendix 2: Table of the variables used and their sources 

Variable Description Unit Source 

Year 2010-2019 Year  

Greenhouse 

gases 

Specific for each individual 

country or state. 

Ton CO2e EU: EUTL 

US: EPA Flight 

Production 

volumes 

Sum of pulp and paper 

production volumes. 

Specific for each individual 

country or state. 

Ton EU: CEPI 

US: EPA Flight & 

FAO 

0
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2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Price of coal per emmitted ton of CO2

EU US
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Control group data: Weighted 

average per mill from a sum of 

wood pulp total and paper and 

paperboard production in US 

2010-2019 from FAO. Amount 

of mills per state from EPA’s 

emission tool. 

Output price 

index 

Output price index for EU 

countries for Manufacture of 

pulp, paper and paperboard (not 

seasonally adjusted) 

Output price index for us states 

for Pulp, Paper, and Allied 

Products: Wood Pulp (not 

seasonally adjusted) 

€ for EU 

$ for US 

EU: Eurostat 

US: FRED 

Energy price Price of one ton of coal divided 

with CO2 emissions from 

burning one ton of coal. 

€/tCO2 EU (Northwest Europe 

marker price) 

& US (US Central 

Appalachian coal spot 

price index): 

Our World in Data  

Emission factor: 

EIA 

EAU price Annual average for a price of 

one EU allowance unit 

€/tCO2 EU: Ember 

US = 0 
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Appendix 3: Summary of the results.  The effect of the EUA’s price (1) and the effect 

of third trading period (2). 

  log_emissions log_emissions 

Predictors Estimates CI p Estimates CI p 

(Intercept) -0.49 -0.85 – -0.14 0.006 -0.50 -0.85 – -0.15 0.005 

log_energypercosts 0.50 0.27 – 0.73 <0.001 0.49 0.27 – 0.71 <0.001 

log_ets -0.17 -0.59 – 0.26 0.442 
   

log_output 0.97 0.92 – 1.02 <0.001 0.97 0.92 – 1.02 <0.001 

did 
   

-0.07 -0.24 – 0.10 0.428 

Observations 470 470 

R2 / R2 adjusted 0.809 / 0.807 0.809 / 0.807 

 


