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ABSTRACT

The recent increase in the price of the European emission allowance (EUA) raises questions
pertaining to its impact on the sectors of the national economy. This thesis studies the impacts
of the set price change on sectoral turnover and employment. The functions and mechanisms
of the EU ETS along with all its market phases were first described. Furthermore, two scenarios
each featuring a different approach to the EUA free allocation process were analyzed using
symmetrical input-output (I-O) tables methodology. The first scenario was based on a business-
as-usual (BAU) allocation model, while the second scenario utilized full auctioning (FA)
approach. The analysis showed that the most severe impact (decrease) was in electricity and
heat production sector, while several other sectors benefited from the current environmental
policy. These include the production of paper, water supply, sewage treatment, and public
administration sectors. The abovementioned sectors showed a net increase in turnover. The
results imply a moderate redistribution impact on the total turnover, however this leads to

a strong impact on employment redistribution due to differences in sectoral labor productivity.
Keywords

EU ETS, EUA pricing, Input-Output model, National and sectoral impact analysis






ABSTRAKT

Soucasny riist ceny Evropskych emisnich povolenek (EUA) vyvolava otazky souvisejici
s dopady zmény cen na sektory narodniho hospodaistvi. Tato prace je zaméfena na studium
dopadii zmén v cené¢ povolenek na obrat a zaméstnanost v jednotlivych odvétvich. Teoreticka
¢ast prace nejprve vysvétluje funkce a mechanizmy EU ETS a déle pak popisuje vSechna
auk¢ni obdobi. V praktické Casti jsou za pomoci symetrickych input-output tabulek (1-O)
analyzovany dva rGzné scénafe bezplatné alokace EUA. Prvni analyzovany scénaf je na
zéklad€ aloka¢niho pfistup typu business-as-usual (BAU), nacez druhy scénatr pracoval
s mySlenkou prodeje vSech (FA) povolenek v ramci aukei. Z provedené analyzy vyplynulo, ze
nejveétsi dopad (pokles) je v odvétvi produkce elektiiny a tepla, zatimco ze soucasné
environmentalni legislativy nejlépe vychazi sektory vyroby papiru, zdroje pitné vody, Cisticky
odpadnich vod a vefejné spravy. Tyto zminéné sektory naopak vykazaly €isty narlst obratu.
Kone¢né vysledky naznacuji mirny redistribucni efekt v celkovém obratu, které vSak maji

vyrazny dopad na redistribuci zaméstnanosti vzhledem k rozdilné sektorové produktivité prace.
Klic¢ova slova

EU ETS, EUA cena, Input-Output model, Dopadova analyza narodni hospodatstvi a odvétvi
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CHAPTER ONE: INTRODUCTION

1 INTRODUCTION

Since the dawn of the industrial revolution, mankind has been producing more and more carbon
emissions than ever before. This increase in atmospheric pollution has sped up in recent years,
due to many varying factors such as the large increase in global trade and the economic growth
in third world countries. Furthermore, humanity has been witnessing dramatic changes across
local biomes and global landscapes. Nearly all places on Earth have been struck by this sudden
change in climate, local temperature fluctuations, varying amounts of rain precipitation and
many more unfavorable events happening on a global scale. However, this change does not tell
the whole story. While the recent annual averages for temperature might be slightly higher than
the historical ones, the precipitation average values remain the same, what changed is the
distribution of both. We can clearly observe extreme weather conditions with varying heavy
rains and thunderstorms, followed by seasons of severe drought, while the world’s population

IS growing at a significant pace and thus producing even more carbon emissions.

Mankind is without a doubt responsible for the aforementioned changes in climate, and thus
several nations and countries decided that it is time to act and make changes that might not
benefit the current generation as much but could save the world for future generations to come.
One such effort is the EU ETS, its primary goal is to curb carbon emissions, while in the long
run trying to achieve carbon neutrality, power efficiency, and increase power reliability and
safety. The EU ETS is thus far the largest effort to mitigate the adverse effects of carbon
emissions in the entire world. Similar projects albeit on a smaller scale were launched in the
past and failed, but the EU ETS prevailed and is presently the trendsetter for all other

governmental bodies, which goal is to reduce carbon emissions.

The beginning of this thesis intends to give a brief foreword on the origins of climate protection
and how intergovernmental bodies came to existence, while stating the most important events

that led to the inception of carbon markets.

The following chapter should explain to the reader how and why the EU ETS works, further
detail its mechanism and functions, with individual subchapters focusing on the basis of each
trading phase strictly followed by EUA price analysis, and finally concluding with a discussion
about the key aspects of the given phase, changes made and outcomes to be taken into the next

trading phase.
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The two last subchapters provide a brief overview of all significant and important events during
all trading periods and act as a summary, while the latter subchapter introduces the reader to
ins and outs of the national environmental policy of the Czech Republic, with laws and treaties,
which govern the local emission allowance allocation and trading itself.

Chapter Four focuses on macroeconomic methods used in the evaluation of shock impacts on
national economies and their sectors. Several commonly used methodologies are discussed and
evaluated based on data availability and their relevance to the primary objective of this thesis,
while the I-O methodology is further described in detail.

This thesis aims to fill the knowledge gap between the newly made changes to the functioning
of the EU ETS and its impacts on national and sectoral changes in turnover and employment,
while the recent increase in EUA price furthers this cause by providing supporting feedback
for EUA pricing scenarios used in the impact analysis more than ever before.

This leads to the primary objectives of this thesis, which are:
e Analyzing the past, present and future functioning of the EU ETS.

e Accessing a shock impact caused by a sudden change in EUA pricing on the national
economy of the Czech Republic and its sectors, as depicted by the total induced change

in turnover and employment.

e Discussing the aforementioned impacts on a specific industrial sector in more detail.

The first bullet point is presented throughout Chapter Three, while the following two bullet
points are evaluated based on the methodology introduced in Chapter Four and the reader
can find them in Chapter Five and Chapter Six respectively.
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2 PRECURSORS OF THE EU ETS
2.1. ORIGINS OF CLIMATE PROTECTION

In the past several decades CO2 concentration in the atmosphere has been steadily rising as
indicated by measurements at the Mauna Loa Observatory in Hawaii, USA. Atmospheric
concentration has increased from 315 PPM in 1960 to 410 PPM in late 2018. Same data
suggests that not only the absolute CO> concentration has increased considerably, but the
growth rate has been increasing as well from 1% PPM/yr. in 1960 to around 2% PPM/yr. in
the past decade [1].

Underlying facts of ongoing atmospheric changes inevitably led to the creation of the
International Panel on Climate Change (IPCC) in 1988. The IPPC was set up as an
intergovernmental body of the United Nations to provide scientific understanding of the
potential impacts of climate change on environmental, social and economic aspects [2].

General Assembly Resolution 43/53 from 1988 named Protection of global climate for present
and future generations of mankind was first to recognize climate change as common concern
that affects humanity as a whole [3]. It further urges governmental and organizational bodies
to assist the IPCC tasked to prepare a comprehensive review of the current state of research,

knowledge and practices to combat adverse effects of climate change.

The first IPCC scientific assessment highlighted key factors adversely influencing climate
change. It has defined Greenhouse Gases (GHG) and their effect on global climate. The same
report revealed industrialized countries to be the major emitters of GHGs and therefore
classifying them as responsible for GHG pollution [4]. Data provided by the same report
concluded that international cooperation would be required if any progress is to be made, this
led to the formation of the United Nations Framework Convention on Climate Change
(UNFCCCQ) [2].

After several months of delays, the United Nations Conference of Environment and
Development (UNCED) better known as the Earth Summit was held in 1992 in Rio de Janeiro.
A crucial part of the summit revolved around cooperation of individual member states after the
end of the Cold War on sustainability issues. The UNFCCC represented a significant progress
in worldwide efforts to mitigate climate change and to curb GHG emissions. It was ratified and

adopted at the summit in June 1992 and came into force in March 1994 [5].
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Article 2 of the UNFCCC sets a definitive goal to stabilize the concentration of GHG emissions
in the atmosphere necessary to prevent negative anthropogenic effects on the environment [6].
Positive action should be achieved through the employment of five principles denoted in
Article 3. These principles include the protection and preservation of the environment for
present and future generations. Article 3 also specifies the special needs of developing
countries, and the disproportionality between climate change burden between industrialized

and developing countries.

This disproportionality is further addressed in two annexes (Annex | and Annex I1). The UN
member states were divided into three main parties according to their level of development

based on previous articles.

Annex | parties consist of industrialized developed countries and countries in transition to
market economy. Several new entrant countries were added by an amendment following
4/CP.3 resolution from 1998, this included post-soviet republics (the Czech Republic, Slovakia

etc.).

Annex Il parties comprise developed countries but not economies in transition. The developed
countries are required to support developing countries. Lastly, developing countries and

countries considered least developed were included in Non-Annex | group [7].

The UNFCCC treaty lacked tangible and measurable steps to mitigate adverse effects of
climate change. Instead, it laid a fundamental and grounding framework for future conferences
by providing global goals, principles, and rules. Even though Annex | countries were subject
to a reduction of GHG emissions production and development of carbon sinks, this resolution

did not lead to concrete commitment goals.

2.2. KYOTO PROTOCOL

The highest statutory authority of the UNFCCC is the Conference of Parties (COP), which is
held annually, and supports representatives from all involved parties. COP is tasked with
reviewing progress made by Annex | parties and reflect on the results. First COP negotiations
began in 1995 in Berlin with a decision that measurable goals for emissions reduction would
be set at COP3.
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The Kyoto Protocol (Protocol) is the first international agreement connected to mitigating
adverse climate change effects, it was adopted in Kyoto, Japan in December 1997. It extends
the original UNFCCC treaty and requires signatory parties to commit to GHG emissions
reduction. Two main important aspects were agreed upon. First, based on scientific evidence
global warming is happening and has a negative impact on the environment and second, that

human activity is the predominant cause of global warming [8].

The Protocol came into force in 2005 during COP7 in Marrakesh, Morocco, after both
conditions set by Article 25 were met [9]. A total of 55 parties had to ratify the Protocol and

these had to include an overall 55% of carbon dioxide emissions within Annex | countries.

Unlike all previous treaties the Kyoto Protocol set forth measurable and specific targets for
GHG emissions reduction within Annex | parties, this regulation applies to a total of six gases,
which are listed in Annex A: Carbon Dioxide (COz), Methane (CHs), Nitrous Oxide (N20),
Hydrofluorocarbons (HFCs), Perfluorocarbons (PFCs), Sulphur Hexafluoride (SFe) [8].

Acrticle 3 states that during the first commitment period (from 2008 to 2012) each party must
achieve at least a 5% reduction in GHG emissions compared to 1990 levels. However, Annex
B assigned reduction factors varying on an individual basis for each committed member party.
EU Member States (including the Czech Republic) agreed to an 8% reduction, while the USA
to 7%, Russia to 0% and countries like Australia and Iceland were allowed an increase of 8%
and 10% respectively compared to 1990 levels. Reduction in total emissions must be achieved
separately from land-use, land-use change, and forestry (LULUCF). The Protocol defines
a unit, which corresponds to an allowance to emit one metric ton of CO or equivalent. Each
country had been allocated assigned amount units (AAU) in accordance with their specific

reduction factor times five for the first commitment period [8].

LULUCEF activities must be accounted for separately from other emissions reduction projects,
while each LULUCF project is subject to specific rules [8][9]. These activities generate
saleable carbon credit called removal units (RMU), which countries can add to their pool of

assigned units based on Avrticle 3 of the Protocol [10].

All Annex | countries are required to establish and operate national emissions registry, which
will account for all emissions transactions, including activities established through flexible

mechanisms [8].
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2.2.1. FLEXIBLE MECHANISMS

Flexible mechanisms were introduced in the Protocol to allow Annex | countries to fulfill
a part of their emissions reduction commitment through three additional mechanisms.
Generally, these mechanisms allow Annex | countries to reduce their emissions in a different

Protocol member country or purchase AAUs from other Annex | countries.

In order to promote sustainable growth without an unnecessary increase in GHG emissions the
Clean Development Mechanism (CDM), entitles Annex | countries to pursue emission
reducing or emission limiting projects in developing countries, and by such earning certified
emission reduction (CER) credits. CERs are tradable credits similar to AAUs and are equal to
ametric ton of CO, which Annex | countries can use towards meeting their commitment goals

as required by the Protocol [11].

CDM projects can range from construction of energy efficient power sources to carbon sinks.
These projects allow for Non-Annex | countries to gain access to clean technology or capital
investments through associated programs. CDM projects increase the pool of tradable carbon

credits and therefore are not considered an emissions reduction scheme.

The next type of flexible mechanism is the Joint Implementation (JI), defined in Article 6 of
the Protocol. Unlike the CDM only Annex | countries can participate in the JI mechanism,
where an investor country can fund an emission reducing or emission limiting project in
another Annex | country to obtain emission reduction units (ERU), which are again tradable
carbon credits like the AAUs. Through this mechanism, a host country gains cleaner
technology and capital investment, while the investor country receives ERUs [12].

The core concept of additionality is fully expressed in the JI mechanism, where an investor
country must prove that the project would not happen without the JI mechanism. This concept
alleviates potential misuse of the JI mechanism, in projects that would have otherwise
happened without the JI. The overall effect of the JI project is beneficial since it achieves the

set reduction target within the Protocol scope [12].
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The JI mechanism is based on an economic premise that Annex | countries have dissimilar
marginal abatement costs (MAC) of carbon emissions, therefore reducing a set amount of
emissions in one country with a high emissions reduction potential yields lower MAC of
reduction than in a country with a low emissions reduction potential. When the JI project is
implemented, the investor country gets a set amount of ERUs from the host’s national pool of
AAUs. This mechanism prevents extra carbon credits to be created and therefore does not raise

the total emission allowance set by the Protocol.

The third mechanism allows countries with a surplus in carbon credits, which are all marketable
credits such as AAUs, RMUs, CERs, and ERUs, to sell them through a mechanism defined in
Acrticle 17 of the Protocol, called the Emissions Trading (ET). This mechanism creates a new

commodity openly marketed and sold via carbon markets [13].

The ET is a market-based approach to emissions reduction, that allows Annex | countries to
choose in which way to achieve their commitment targets to the Article 3 of the Protocol,
without sacrificing the overall emission reduction effect. Carbon trading leads to a transfer of

carbon credits from a seller to the buyer and thus does not increase the total cap.
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3 ANALYSISOF THE EU ETS

The EU was strongly influenced by the outcomes of the COP1 in Rio de Janeiro, Brazil held
in 1992. Since the summit did not lead to any tangible emissions reduction targets, the EU tried
to propose an EU-wide carbon tax. This proposal was met with a great deal of opposition by
the Member States, while most felt that taxes should be handled on a national level and that an
EU-wide carbon tax would compromise their sovereignty. The carbon tax proposal finally
failed in 1997, the same year the COP3 in Kyoto was held [14].

The first commitment period defined by Article 3 of the Protocol subjects Member States to an
8% reduction in GHG emissions compared to 1990 levels in 2012, and also requires members
to take active measures to achieve verifiable progress in developing and implementing

mechanism into the national legislature by the year 2005 [8].

The approval of the Protocol showed to be very challenging since the two major superpowers
USA and Russia refused to ratify the Protocol. This led to an increased responsibility of the
EU, which at the time had the largest economy among the Protocol signatories [14]. The 1997
summit ended, but with no legal force backing up the Protocol commitments. The EU took this
opportunity of nonbinding commitments set by the Protocol and in 2000 the European
Commission (Commission) adopted a new platform called the European Climate Change
Program (ECCP). This platform included a creation of several working groups consisting of
local government officials, experts, industry leaders, and NGO representatives. The working
groups published a final report in 2001, which recommends that the EU should develop
a carbon market as soon as practicable and should not wait for the Protocol ratification. The
same report also concludes that the emissions trading system must be transparent and both
environmentally and economically efficient. Phase | of the emissions trading is described as
“learning-by-doing” process and gives an incentive to start a pre-Kyoto emissions trading
scheme [15].

In March 2003, the Commission published a Green Paper on GHG emissions trading within
EU, which outlines a basic framework for a limited emission trading starting in 2005 and
covering only CO>. The most important approaches within the framework can be summarized
as the following: burden sharing, emission trading, “learn-by-doing”, carbon credits allocation,
and sectors covered by trading. Furthermore, Phase | of emission trading should be a pilot
phase and last only three years, with the Commission having the ability to change the rules

within the ongoing emissions trading framework [14][16].
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Consequently, the European Parliament (EP) put forth an EU Directive 2003/87/EC
(Directive), which established an emission allowance trading system within the EU.
Combining information and data gathered by the ECCP working groups and the Green Paper
[17]. The Directive omitted Kyoto saleable credits generated by flexible mechanisms. In late
2004, a new amending directive was put forth. The EU directive 2004/101/EC links credits
produced by the CDM and the JI mechanisms to European emission allowance (EUA) as this
would lead to an increase in diversity and liquidity within the unified carbon market. The 2004
EU Directive further specifies the use of Kyoto credits within the EU ETS framework [18].

3.1. PHASE |

Several key aspects of the EU ETS had to be figured out before the pilot phase could be
implemented. These included the type of carbon market, the total allowance, the allocation

method, and the sectors affected by carbon trading.

The EU ETS was established as a cap-and-trade system, where the cap represents a maximum
amount of emissions released into the atmosphere within a set timeframe, and the trade
embodies the ability of all involved parties to sell their surplus of allowances through a market
mechanism. This Directive also allows subjects not included in mandatory carbon trading, to
operate within the market on a voluntary basis and use EUASs as any other financial derivate
for speculations.

Each Member State is required to design a National Allocation Plan (NAP). Criteria for drafting
NAPs are specified in Annex Il of the Directive. Member States must set a total quantity of
allowances for the set timeframe in compliance with the individual Protocol commitment
targets. The NAPs must then be submitted to the Commission for independent evaluation based
on criteria defined in Annex Ill. If a Member State fails to comply with the Directive, the
Commission has the right to refuse the submitted NAP and the Member State is forced to make

changes and go through the submission process again [17].

The grandfathering concept was used as a method of calculating the quantity of allowances
needed during Phase | for each Member State individually. This statistical method combines
historical emissions production and projects future requirements. Article 10 of the Directive
demands at least 95% of total allowances to be allocated to subjected emitters free of charge,
while not stating what is to be done with the remaining 5% of all allowances. Member States
can auction, allocate or otherwise dispose of the remainder independently [17].
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The pilot phase of the EU ETS was officially launched in 2005, featuring 11 500 participating
installations and covering nearly 45% of the total CO2 production in the EU [14][19].
Annex | of the Directive recognized four categories of activities to be subjected to the
mandatory carbon trading. Included were parts of the energy sector (fuel combustion plants,
mineral oil refineries, coke ovens), production and processing of ferrous metals (metal ore
roasting or sintering, production of pig iron and steel), mineral industry (production of cement,
glass, and ceramic), other activities (timber based production, pulp, paper, cardboard) [17].
A minimum production amount was set to include only major producers, manufactures and
therefore emitters. Even though both the Protocol and the Directive operated with a total of six
GHGs only CO> was implemented throughout the Phase 1, as it was the major contributor to

atmospheric pollution within the selected sectors.

Founded on information provided in Annex IV of the Directive participating installations must
monitor CO, emissions, either by calculation or measurement. Based on monitoring, each
installation must provide an annual report to the national regulation authority, which must be

verified by an independent agency [17].

3.1.1. ANALYSIS OF PHASE |

The EU carbon market was officially launched in January 2005, with EUA prices starting at
around €8 per allowance, however, during mid-2005 the price escalated quickly to a range of
€20-30 per allowance and remained high until April 2006. The high price provided a positive
feedback to the market and encouraged producers and manufacturers to adopt new cleaner
technologies. The 2013 OECD report called Taxing Energy Use suggests that pricing
allowances to release one metric ton of CO- at €30 is a good estimate for costs associated with

adverse climate change effects [20].

During April 2006 the EUA prices plummeted to a price of €15 per allowance within three
days, and remained somewhat similar for about four months, as shown in Figure 1. The primary
reason for the fall arose from the first publication of verified emissions, which showed a 4%

surplus of allowances compared to the emissions produced in 2005.[21]

With the market already in excess and a steady annual supply of fresh allowances the price
further fell and by the time the second year verified emissions were published the allowance

price dropped to a few cents.
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Figure 1. EUA futures price during Phase 1. (Source: [21])

The second report on verified emission proved the market to be long again, and this led to the
already crashed prices never being able to recover during the last year of the pilot phase.
Banking of unused allowances was not allowed and therefore the remaining allowances became

worthless. Trading officially concluded in December 2007.

3.1.2. PHASE | DISCUSSION

The three-year pilot phase was born out of a lack of global initiative to ratify the Protocol and
the Commission’s commitment to abate carbon emissions. At first, EUA prices as depicted in
Figure 1 showed a positive market feedback since higher allowance price serves as a driver for
cleaner technology, however this did not last long. Through the middle of the trading period
prices crashed, ending up losing almost half its pre-crash value. In the following few months,
allowance prices remained stable. During a very mild winter of 2006/2007, EUA prices

declined further to virtually zero during the last trading year.

As for almost any system in the world, the EU ETS in its pilot phase had its positives,
drawbacks, flaws, and important lessons learned. In this subsection, | will discuss key aspects

that played a crucial role during Phase | and served as primary change drivers for Phase 1.

The Commission managed to deploy a universal trading scheme in a vastly diverse
environment, combining 25 countries with differing sizes, economies, industries, policies, and
national interests, which on its own was a huge success because many others had failed in

establishing a working carbon market or even a carbon tax in the past [14].
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The carbon market was established, however that did not lead to an efficiency within the market
since almost all allowances were given to emitters free of charge and auction-based carbon
markets can only be effective if all regulated bodies are involved in trading, which proved not
to be the case of Phase | [22]. If a correct allowance cap is set, and most allowances are
auctioned off, then a real market value of carbon can be estimated. As shown in Figure 1, real
carbon price during Phase | could be assessed at around €25 per allowance, which is similar

value correlating with OECD estimates.

The EU ETS pilot phase had been operating rather smoothly through its first half while giving
a positive feedback to both policymakers and the industry. This all changed when verified
emissions were reported for the first time and an allowance over-allocation was shown by the
data [21]. Most Member States designed their NAPs in a way that would protect the countries’
major emitters [23]. Verified emissions exposed the extensive issues with the use of the NAPs.
Inconsistencies arising from different methodologies used in calculating the number of
allowances, transparency problems of the process, and the overall accuracy provided through

the NAPs, were found to be the major flaws of the allocation process.

Grandfathering method yielded far greater allocations numbers than necessary, which led to
negligible or sometimes no emissions abatement at all. A 2010 journal article from the
Environmental and Resource Economics [24] looks at verified emissions and compares them
to emissions that would arise from a business-as-usual (BAU) approach. This article questions
the integrity of data provided by the individual NAPs and finds the overall EU-wide net
abatement to be just one-fifth of the reported net emission reduction as presented by the

Member States.

As mentioned above the pilot phase served mainly to establish a functioning carbon market,
gather necessary data for future phases, and figure out the potential flaws of the system. These
flaws included the design of the NAPs, over-allocation, the unfairness of free allowance

distribution, the lack of central control mechanisms, and the absence of allowance banking.
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3.2. PHASE |1

With the previous phase resulting in a failure, mainly due to factors like allowance
over-allocation and many other miscellaneous problems, the Commission shifted its focus on
the allocation process. The main target prior launching Phase Il (also known as the Kyoto
Phase), was the mechanisms, through which the individual Member States assigned their
overall allowance for the entire duration of the trading phase. Several important changes were
made to the structure of NAPs in order to reduce complexity and promote transparency, and
consequently leading to prevention of over-allocation within the process. Member States were

required to submit NAPs 18 months prior to the start of the next trading period [25].

Phase Il began in 2008 and ended in 2012, which was announced in accordance to the first
commitment period under the Protocol while introducing several new important changes
associated with the past phase. Overall emission caps were lowered to around 6.5% EU-wide
compared to 2005 levels. Member States could voluntarily start reporting on additional GHG
emission including N2O (which is 298 times better GHG than CO, according to the global
warming potential presented in the Protocol) from nitric acid production and PFCs from
aluminum production. Furthermore, the penalty for not submitting the required amount of
allowances increased from €40 to €100. Paying the penalty does not free the perpetrator from
allowance submission [26].

Moreover, three new non-EU countries joined the EU ETS (lceland, Lichtenstein, and
Norway). Additionally, there were two new entrants to the EU in 2007 (Bulgaria and Romania),
which were also legally required to join the trading scheme. At the beginning of Phase 1l the
EU ETS covered 30 individual countries and remained the largest carbon market in the world
[26].

The Commission reached a compromise within the free allocation process for the second phase.
Ending up with 90% of total allowances given free of charge. Meanwhile, economists argued
for a wider adaptation of auctioning (because only four out of 25 Member States auctioned the
5% allowance budget set during Phase 1) [27]. In contrasts businesses remained generally
reluctant to give up free allowances. In the end, national governments could auction up to 10%

of allowances issued during the second phase instead of giving them away free of charge.
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The emission allowance caps for Member States were not only lowered based on actual verified
emissions submitted during the pilot phase but also through the burden sharing agreement
(BSA), which redistributed EU commitment targets of the Protocol to the individual Member
States based on their MAC [16][28]. In compliance with the Kyoto trading period international
carbon credits generated through Flexible Mechanisms like the CDM or the JI mechanism,

were allowed to be used during Phase I1.

International carbon credits could be purchased and transferred into national registries and
would be treated as extra allowances, increasing the total EU emissions pool [18]. This process
permitted businesses with high MACs to not only purchase additional EUA but also CERs and

ERUs to cover its actual emission production.

The EU ETS became an integral mechanism of the EU climate change mitigation policy in the
2007 when leaders of Member States set goals for the long debated 2020 climate & energy
package as part of the Europe 2020 strategy. The Directive 2009/29/EC legally binds the EU
to cut GHG emissions by 20% (from 1990 levels), produce at least 20% of energy from
renewable sources, and improve the overall energy efficient by 20%. All these targets must be
met before 2020, while the individual Member States had been assigned varying targets based
on their level of economic development [29]. Under the Directive Member States should fund
projects that help to mitigate problems arising from climate change; these include GHG
emissions abatement, adaptation to impacts of the climate change, research and development,
and renewable energy sources. Such efforts should be at least partially (50%) funded by

proceeds acquired through the auctioning of emission allowances [30].

3.2.1. ANALYSIS OF PHASE 11

An increased number of emissions allowances were auctioned in the second phase. The
following Member States led in having the most notable average annual quantities of
allowances auctioned; Germany (9%), United Kingdom (7%), The Netherlands (3.7%),
Hungary (2%), Czech Republic (2%), Austria (1.3%), and Ireland (0.5%) [31].

As mentioned in the previous chapter, allowances issued during Phase | could not be banked
for future use. This was not the case for Phase Il issue allowances, which could be banked and
used in the future phases.
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Phase Il issue allowances began auctioning in January 2007 for an average price of €20, which
seemed a good starting position for the trading period. The high starting price was primarily
accredited to the significant change in the allocation process within the NAPs and higher
reduction goals based on the commitment targets set by the Protocol.

In early 2007, Phase | and Phase 11 issue allowances were being auctioned at the same time. As
discussed in the previous subchapter, the over-allocation of Phase I allowances led to a crashing

fall in price. The allowances were virtually worthless for the remainder of the trading period.

The Phase 11 allowances suffered from the same trend and lost 25% of its initial value during
the first six months. Situation slightly improved in the last few months of 2007 as prices jumped
to an average of €25. Prices remained relatively steady throughout 2008. In July 2008 the €30
threshold was broken for the first time since the beginning of the trading period. At the end of
the same month price almost tackled the €35 mark, as shown in Figure 2.
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Figure 2. EUA futures price during Phase | and 11. (Source: [32])

With the coming winter of 2008/2009 EUA prices began falling. At first, the EUA price
dropped to €25 and by January 2009 prices hit a new low of just around €10. Figure 3 shows
that the major crash did not lead to a subsequent crash like in the case of Phase I; instead prices
recovered to around €15 and remained mostly stable at €15 per allowance for the next two
years. Unfortunately, in the second part of 2011 prices again began to decline and settled at
around €7 per allowance for the remainder of the trading period.
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Figure 3. EUA futures price during Phase II. (Source: [32])

Two main reasons were attributed to the crash of the EUA price in 2009. First, the economic
recession as reported by the UNFCCC showed a substantial role, which led to a decreased
output in energy-heavy sectors. Second, prices of futures contracts for natural gas and coal

were revised downward [33].

3.2.2. PHASE 11 DISCUSSION

The second phase started out with tighter cap and stricter rules compared to the pilot phase,
however, this did not lead to anything we could call a big success. At first, EUA price showed
a positive feedback for policymakers, while reaching the €30 mark. Soon on the verge of
economic recession, the price had collapsed to just mere €10 per allowance, while being able
to recover at least part of its original value, it was never able to surpass the €20 threshold. It
remained somewhat steady for the next two years but ended up concluding at only €7, which

could be construed as a failure.

In this subsection, I will discuss the key aspects that led to the price depression over the duration
of the second trading phase. Some of these aspects are well out of the scope of this thesis and
will only be mentioned, others especially the most relatable to the topic of this thesis will be

discussed in more detail.
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Undeniably many factors in combination had a major impact on the turbulent price differences
of EUA. The steep rise in price during 2008 was caused primarily by two aspects. The EP
announced that trading would continue after the second phase until 2020, which was in
accordance with Europe 2020 strategy. This resulted in an increase in carbon futures trading,
where around 80% of all allowances were traded. Furthermore, during the same timeframe,
a worldwide gas shortage occurred, which caused the gas prices to spike to about $147 per

barrel. The record high price pushed carbon prices up as well [34].

NAPs posed another hot topic of discussion. Verified emissions published by the Member
States showed that there was a deficit in EUA issued only in 2008. Consequent years showed
an increasing surplus of allowances issued namely 2009 (8%), 2010 (7%), 2011 (9%), 2012
(14%) [35]. A total of 10.5 billion allowances were issued during the second phase and only
8.6 billion were used, resulting in a net bank of 1.8 billion or 17% in relative terms. In sharp

contrast to over-allocation in the first phase, which was only 1.3% [36].

There were two principal reasons for such a large net bank. Emitters were able to use offset
credits generated by Flexible Mechanism under the Protocol, resulting in an overall submission
of 1.1 billion offsets [36][37]. In October 2008, the European Economic Area witnessed the
first glimpses of the economic crisis, with a lack of market demand followed closely by
a drastic decrease in industrial output. Several studies investigated this problem and tried to
unravel, which elements played the key role in the overall emission abatement achieved during
the trading period. Data evaluation revealed that the largest share of explanatory variables was
caused by the economic recession, while about 10% could be explained by Europe’s move to

renewable energy [37][38].

The amount of auctioned allowances increased slightly to around 500 million, while a majority
was sold as a futures contract since the EU ETS relies primarily on regulated energy sectors,

which tend to be risk-averse and thus rely on long-term contracts [36].

As discussed above, Phase 1l suffered from many similar problems already present in the pilot
phase, while trying to improve upon them, it was also faced with a fair share of new issues
flawing the system. These included VAT frauds, hacker attacks aimed to cripple emissions
registries, stealing of allowances directly from the depositories, and others. With all these
negative aspects, EUA price managed to retain at least a portion of its initial price, which could

be mostly accredited to the effects of banking [39].
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A few key inferences could be drawn from the second phase. First, a central registry system
would provide a greater security and transparency. Second, a replacement of problematic and
over-complex NAPs and move to a centralized cap would allow central authorities to combat
problems with over-allocation. Third, a standardized and controlled transfer of international
credits into the registry would lead to fraud prevention. Fourth, more sectors should be required
to submit allowances for emitting GHGs, since current setting causes unfair advantages for
other sectors. Fifth, emission trading should be expanded to cover all GHG as declared by the
Protocol. Sixth, to increase market efficiency and truly reduce emissions all emission
allowances should be auctioned off. Last, central banking authority that would control the

supply of fresh allowances should be established if the EU ETS is to succeed.

3.3. PHASE 111

The Kyoto phase led to significant improvements compared to the Pilot phase. Nevertheless, it
still suffered from many flawed aspects, which the Commission had set out to fix during the
third phase of carbon trading. Directive 2009/29/EC established new rules for the 2013 to 2020
trading period in accordance with EU commitments to the Protocol. Mainly, the allocation
process was moved from assigning allowances free of charge to auctioning as the key
mechanism of the framework. The Directive put the electric utility companies at the forefront
of no free allowances given, starting effectively in 2013. However, the Directive allowed for
exceptions for free allocations in weaker economies, that were below 90% of the EU average
GDP. Electric utility companies in these Member States would be given allowances free of
charge based on national plans, which described retrofitting and upgrading electric utility
infrastructure or new investments in clean energy sources. These optional transitional free
allocations were designed to decline each year and inevitably end in 2020. Furthermore, district
heating and high-efficiency cogeneration would get free allowances as well, with respect to the
individual production of each installation. The amount assigned annually was set to decline by

a linear factor each year [30].

Other sectors under the EU ETS, would get free allowances based on an EU-wide
benchmarking process, which had been developed prior and was based on best available
technology (BAT). With free allocations starting at 80% in 2013, gradually declining to 30%
in 2020 and being completely phased out in 2027. Installations in sectors, that tend to be more
prone to carbon leakage were provided with individual allocation plans even at full benchmark
[36].
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Problematic NAPs, which were based on historical emissions and calculated by grandfathering
concept, were completely removed and replaced by a single EU-wide cap. This cap is based on
the mid-point of the number of allowances issued between 2008 and 2012 and is set to decrease
by a linear factor of 1.74% annually. The linear factor was set in accordance to satisfy the 2020

EU projections of the overall emission abatement by at least 20%.

The single EU-wide cap was established to fix both fundamental flaws of the individual NAPs,
which led windfall profits and the lack of harmonization in the allocation process. Windfall
profits gained via pass-through CO- costs and free allocation, this goes hand in hand with the
individual Member State allocation process. Complete transition to auctioning as the main

mechanism of acquiring new allowances would alleviate most of these problems [36].

The scope of the EU ETS was further extended by including new GHGs, Member States, and
sectors. Installations must start reporting on N2O and PFCs, based on their global warming
potential, as defined by the Protocol. In 2013 Croatia joined the EU and as a Member State it
was also required to join the EU ETS. Now accounting for a total of 31 countries. A decision
from the EP in 2008 led to Directive 2008/101/EC about the inclusion of the aviation sector
and its activities into the allowance emission scheme. Only flights to, from and within the

European Economic Area would be affected by the legislature [40].

The primary reason for the inclusion of the EU aviation sector was that the sector is among the
fastest growing across all polluting industries. In 2012, it contributed to the overall emission
production of EU by nearly 3%. This number increased to 5% in 2016 and is set to keep
increasing further up to 15% in the coming years [41]. Furthermore, kerosene as jet fuel is

usually tax-exempt, unlike gasoline, which is used in private or commercial transportation [42].

European Union Aviation Allowances (EUAA) were specifically designed only for the aviation
sector. This led to a second carbon market within the EU ETS, while trading between the two
can only happen unidirectionally. Airline operators can use EUAs as well as EUAAS in
compliance with their abatement caps. However, other sectors cannot use EUAAS as substitutes
to EUAs. Allowances will be distributed to airline operators based on individual historical ton-
kilometers flown at 97% of the benchmark. The allocation process is harmonized across the
EU and at least 15% of allowances must be auctioned off [36][43].

20



CHAPTER THREE: ANALYSIS OF THE EU ETS

The third trading phase allowed the use of international credits generated through CDM.
However, the Commission restricted the use of international credits generated after 2012 only
to projects in the least developed countries, as defined by the Protocol. This led to an exclusion
of China, India, Brazil, and similar rapidly growing countries. Furthermore, projects with
a high global warming potential would not be accepted by the Commission either. The
Commission set an overall limit of 1.6 billion international carbon credits to be accepted into
the EU ETS during 2008 to 2020 trading periods. The limit set by the Commission allowed
banking of international credits and EUAs issued during Phase Il, as both units could be
transferred to Phase 111 [36][44].

3.3.1. BACKLOADING AND MARKET STABILITY RESERVE

The Commission introduced two new mechanisms to combat a substantial surplus of
allowances that had built up in the system since the second phase. Backloading was introduced
as a mechanism designed to alleviate short-term problems, whereas the more robust mechanism

called the Market Stability Reserve (MSR) was intended to serve as a long-term solution.

As discussed in the previous subchapter, the substantial surplus of allowances was mainly
accredited to two factors. The economic crisis followed closely by the economic recession,
which led to a significant decrease in power consumption and thus the output of emissions.
Mostly unrestricted access to the pool of international credits, at much lower prices, resulted
in an abundance of offsets used within the framework. Both these factors certainly helped to

achieve a total surplus of 2.1 billion allowances in 2013 [45].

The process of backloading postpones issuance of allowances to a further timepoint during the
same phase. The number of auctioned allowances was decreased by 400 million in 2014,
followed by 300 million in 2015, and ending with 200 million in 2016. These allowances were
to be issued during 2019-2020 [46].

Even though the MSR was scheduled to start operating in the upcoming fourth phase, it was
put forward to start operating in January 1, 2019 by the Commission. All backloaded
allowances were placed into the reserve instead of being issued. Furthermore, allowances that

were not allocated to installations were also moved to the reserve [47].
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Several important changes were made to the functioning of the MSR by the Communication
from the Commission published in May 2018. The MSR would be active from 2019 to 2023 at
a temporarily doubled threshold (24%) and return to the planned regular threshold (12%) in
2024 and forth [48].
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Figure 4. The Market Stability Reserve. (Source: [48])

The 2018 Communication defines the MSR as an automated function, which puts allowances
in or out of the market based on a predefined range and a set threshold value. If the total surplus
of allowances for a given year exceeds 833 million, the amount of auctioned allowances is
decreased by 24% and the remainder is put in reserve. When the surplus of allowances drops
below 400 million in circulation, 100 million allowances will be put on the market from the
reserve in the future. If the surplus is within the optimal range of 400 to 833 million, the MSR

is inactive, as shown in Figure 4 [48].

3.3.2. ANALYSIS OF PHASE 111

Market speculations about emission trading in the third phase began already in late 2012, when
first EUAs were auctioned off. However, this did not lead to an increase in price or volume
traded. In the mid of 2013 the EUA price hit its rock bottom with prices as low as €2.95 per
emission allowance. The rest of 2013 saw a very similar trend with prices oscillating around

the €5 mark, while trading volumes remained mostly constant at 4 million per trading week.
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Based on the data shown in Figure 5, the EUA price began slowly creeping up in the first
quarter of 2014 and managed to almost graze the €7 mark. But again, during the spring and
summer, which are known to be weaker months for emission allowance trading, since there is
a less demand for power and especially commercial and district heating. Overall, the 2014 was
not a very successful year for the EU ETS. Only 2.5 million allowances were traded per week

and the price came back to roughly €7 per allowance.

The position for 2015 trading was looking better, with an increase in average trading volumes
to around 3.2 million per week and the EUA price slowly but steadily increasing to around
€8.5. This price did not last long either. An agreement within the UNFCCC in the name of the
Paris Agreement (PA) was sealed on December 12, 2015. The EUA prices began falling and
lost 40% of their value in just a few weeks and remained somewhat constant at around €5 per

allowance.
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Figure 5. EUA spot price and market volume during Phase I11. (Source: EEX)

The following year saw an increase in trading volumes to about 4.5 million per week and
a steady increase to €7 per allowance. However, this growth in prices at €2/year could not be
construed as a satisfactory result. In fact, the EUA price doubled back to its original price at

the end of Phase I1.

The 2018 saw the largest surge in emission prices since the third phase began. In just five
months the EUA price doubled and in nine months tripled. When looking back at the historical
high EUA prices, we can clearly see that most high prices in the past were caused by a sudden
spike in price, which usually came after an important event such as the economic recession or

the allowance surplus public disclosure.
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But neither was the case in 2018, where price grew very steadily and quickly. The 2018 market
closed at €19.3 and opened again in 2019 at €21.4, while at the time of writing this paragraph
prices remained at around €22 per EUA.

3.3.3. PHASE |11 DISCUSSION

The EU ETS had been named by the Commission as a pivotal part of the EU emission
abatement scheme and would get the necessary support to allow for an effective, harmonized,
liquid, safe, and stable carbon market. This should further extend to the 2050 low carbon
economy defined by the Commission [49].

The most important aspects, changes and novelties that led to the betterment of the EU ETS
will be discussed here. In 2012, the first commitment phase of the Protocol had ended and thus
the Commission could introduce a harmonized EU-wide allocation, which did not feature
individual Member State goals, but instead it proposed only a single abatement goal. In order
to alleviate issues that came from free allocation unfairness, Member State over-allocation
caused by protectionism, carbon leakage and more, benchmarking was used as the process of
allocation. Unlike in the previous phases, verified historical emission were very well known
and thus the Commission applied BAT to calculate the benchmark. Free allocation was then
given based on historical emission multiplied by the benchmark coefficient dependent on the

type of installation in question [50].

In its current form benchmarking serves as one of the best methods of allocation, clearly
offering better results than grandfathering, however it still has a few drawbacks that are mainly
cause by its ex ante origin. Making implications about the future could potentially cause
unexpected issues. Such in a case of output decrease, where free allowances will not reflect the

correct amount. This can happen due to a recession or structural changes in the economy [51].

The PA replaced the Protocol and should serve as one of the drivers for low carbon economy
in the near future. It is argued that long-term effects of the PA should be positive and should
lead to new approaches to combat climate change. The PA itself does not explicitly mention
carbon markets directly, however several implications can be made for its signatories. One
such is global voluntary cooperation in GHG reductions. The key word here is voluntary, which
is the exact opposite of the Protocol, which was mandatory to the signatories. The PA could
potentially lessen carbon leakage in industries such as in manufacture of steel, pig iron and
similar heave industries, because it had been signed and ratified by China, the world’s major

steel and iron manufacturer, which introduced its own emission trading scheme in 2018 [52].
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The effects of backloading are somewhat speculative, when we look at the data presented in
Figure 5 we cannot observe any dramatic changes in market volumes or prices, this however
does not mean that the EUA price could not have dropped lower if backloading hadn’t taken
place.

A few inferences can be made about the MSR based on historical EUA prices. The price
remained somewhat constant and low when the MSR was planned to be introduced in early
2021. Nonetheless, the Commission reacted to the low price by changing the MSR adoption
scheme. The operation began in early 2019. When the proposal was accepted EUA prices
climbed sharply and hit the Phase 111 all-time high just before the introduction of the MSR.

Several papers tried to model and predict EUA prices based on coal, natural gas and Brent
prices. The regression analysis used in modeling found a correlation between the dependent
and independent variables. Nevertheless, this is had only been the case in 2013-2017 time
period. While the 2018 surge in EUA price cannot be explained by the models at all [53]. And

thus, one could argue whether it was the MSR that caused it or not.

3.4. FUTURE OF THE EU ETS

Many very solid changes were made to the trading system during the current trading period,
especially with the inclusion of the MSR. However, the EU ETS is picking up the pace and the
fourth phase is set to start in 2021 and is scheduled to last until 2030. Phase IV itself will see
drastic changes compared to the previous years, mainly due to the fact that the staple of the EU
ETS, which is the cap-and-trade scheme will shift towards a far more dynamic scheme as
opposed to a static capped environment as it had been used in the previous phases. Directive
2018/410/EC amending previous directives to enhance cost-effective emission reductions and
low-carbon investments entered into force in April 2018. This Directive contains several
important and many incremental changes to the current system and operational programs under
the EU ETS [54].

The most important changes were designed for the MSR. Since its inception, the MSR proved
to be a cost-effective and quick solution to some of the short-term but also medium-term
complications that crippled Phase | and Phase I, but it could not fully compensate for the
damage caused by the over-allocation and the economic recession. The Directive allots several
new functions to the MSR and banking of allowances and binds them together. The dynamic

nature of the new scheme is shown largely in two ways.
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The first dynamic factor comes from the new functioning of the MSR, while the linear
reduction factor is increased from 1.74% to 2.2%, the dynamics are achieved through
a different functioning of the MSR. Opening in 2023, the MSR will exclusively hold only
a limited number of allowances, which will be based on the number of allowances auctioned
in the previous year and the amount of already banked allowances. All allowances that will be

above this sliding limit will be inevitably canceled.

Moving forwards the MSR will only be able to hold about 57% of the annual cap. This fact
fundamentally changes how the MSR will affect long-term targets, because current
approximations suggest, that as a result, up to 1.7 billion banked and unused allowances could
get potentially canceled in 2023 [55]. The following scenarios illustrate the effects of the new

functioning of the MSR and can be observed in Figure 6.

In scenario a, the bank holds more allowances than the upper threshold, while the MSR is
functioning within the normal operational range. This situation will lead to 24% (12% starting

in 2024) of all allowances in circulation to be placed into the reserve [56].

Free
Auctioned

MSR ! MSR MSR

Free
Auctioned
Free
Auctioned

_ Cancellation _ _

1 I 1 ! I
Bank -833 ! Bank 833 ! Bank 833 !
of unused ,’ of unused ,’ of unused !
allowances . allowances ’ allowances
-400 7 -400 7 -400 4

Emissions Emissions Emissions

Figure 6. New functioning of the MSR. (Source: [55])

In scenario b, the bank holds an optimal amount of allowances but the MSR is operating above
the upper limit. This case will lead to a certain cancelation of the surplus number of allowances,

depicted by a lightly shaded area in Figure 6.
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In scenario c, the bank holds less than the lower threshold, while the MSR has allowances put
on reserves. This instance will trigger the MSR to release 100 million allowances into the

market for auction.

The second dynamic factor is aimed primarily at carbon leakage and free allocation. Flexible
rules were put into place that will adjust the number of free allowances given based on the
actual production and not on the adjusted historical emissions. Benchmarks values will also

see an adjustment, which will happen twice in the fourth phase based on the current BAT [56].

If any installation covered by the EU ETS will limit its production or completely cease its
operations, it will be only given a proportion of allowance based on the actual output. This step
should reduce the amount of windfall profits companies and businesses could gain from

lowering their output.

The fourth phase will continue to feature free allowance allocation at up to 100% in sectors
with a high risk of carbon leakage. The Directive states that the free allocation for medium risk
sectors should be ultimately phased out in 2026, followed by high risk sectors in 2030. The
reserve fund also holds free allowances geared towards new entrants and growing installations.
The amount comprises all free allowances that will not get allocated by the end of 2020 plus
a lump sum of 200 million from the MSR [56].

Lastly, to support the shift to a low-carbon economy, the Innovation Fund was founded. It will
support cutting-edge and breaking technology in climate change prevention, carbon emission
reduction and other projects that benefit the environment. The total funding should correspond
to the market price of at least 450 million emission allowances. The Modernization Fund will
continue to support retrofitting and upgrading installations in order to achieve lower carbon
emissions or higher efficiency in 10 lower-income Member States. Along with Article 10c,
which will continue to provide optional transitional free allowances in the lower-income
Member States [56].

3.5. SUMMARY OF THE EU ETS

To this date, the EU ETS has been continuously operating for 14 years and much has changed
since its inception in 2005. The first phase ran for three years as a pilot phase. It succeeded in
proving that a functioning and cost-efficient carbon market can be established in such a diverse
environment, which features differing economies, policies, public views, and approaches to

climate change, alas it did not have any tangible impact on carbon emission abatement at all.
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The second phase ran in allegiance to the Protocol for five years straight. Based on the ex-post
evaluation, the second phase was a remarkable failure that managed to only survive thanks to
the Commission’s commitment to the environment. Studies showed, that no significant
reduction in carbon emissions could be attributed to the EU ETS, rather almost all emission
reductions were mostly achieved by the economic recession. Furthermore, the allocation
processed based on individual NAPs was completely flawed and led to the over-allocation we

are dealing with to this date.

Not only that, but many installations were given such vast amounts of emission allowances
free of charge, which inherently led to significant windfall profits and no deliberate carbon

emission abatement as a result.

Finally, Phase Ill came along with a major overhaul of the trading scheme. It changed the
Member State based free emission allowance allocation to EU-wide instead. This total cap was
set to decline by a linear factor and a much larger proportion of total allowances were auctioned
off.

Additionally, free allocations were given based on benchmarking rather than grandfathering
concept, which resembled the real-world emissions far more accurately. This could be
attributed as a success to Phase 1l after all, which managed to gather the necessary verified

emissions data for benchmarks to be created.

The third phase was designed to run for eight years in total, but the last quarter saw an
introduction of a new game-changing mechanism called the MSR, which is described in much
more detail in the previous subchapters. Nonetheless, the MSR accomplished to cut into the
over-allocation and slowly started fixing the issues that are currently crippling the proper
functioning of the EU ETS. Overall, the current phase saw a few much-needed changes that
could potentially strengthen the system and prove its worth in the long-term emission

reduction.

The Commission has very high hopes for the upcoming fourth phase. For the first time ever,
all stakeholders including the public were able to provide feedback on the revision to the EU
ETS, which is now set to operate for ten years [57]. While trying to solve the long-term
problems bugging the scheme, the MSR will be given new functionalities to alleviate most of
the problems with over-allocation. Other flexible functions were introduced so that the scheme

can dynamically react to new BAT and changes in the economy.
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In conclusion, the EU ETS struggled since its beginnings but also during each past and also the
present phase; however, it managed to survive and succeed in establishing itself as the largest
cap-and-trade and also carbon market in the whole world. Many mistakes were made along the
way, but the new reforms made in Phase 111 bolstered the crippled system and made it into
a fairly working market. The changes put forth by the new Directive are even more drastic than
what was done in Phase Il but judging from the current market price and looking at the
problem from an ex-ante perspective, the changes should lead to a properly functioning carbon
market but again only time will tell.

3.6. EUETS IN THE CZECH REPUBLIC

Prior to gaining independence in 1989, the Czech Republic had virtually no environmental
legislation covering air and water protection. It was also a highly industrialized country with
a very high carbon intensity per capita, which was supported by a lack of high-quality fuels
such as oil or natural gas. The Czech Republic was and still is highly dependent on domestic
sources of lignite, which is used in most combustion plants producing power, heat or other
secondary products. Higher-quality hard coal is mined in smaller quantities and is mostly used

for coke or steel production.

After the fall of the USSR, the Czech Republic was highly influenced by its western neighbor
countries and had to transition to a market-based economy in a very short amount of time. This
led to increased demand in the tertiary sector compared to a significant output reduction in

primary and secondary sectors of the national economy.

Furthermore, the Czech Republic signed the UNFCCC in 1998 and the Protocol in 2001.
Another crucial step in improving upon the environmental policies was entering the EU in May
2004 and the further development and harmonization of the environmental legislature with

respect to a single market strategy [58].

The Czech Republic is not part of the original EU15 and as such, it was not a part of the BSA,
therefore, the only apparent emission abatement targets arose from the Protocol. However,
these targets were already met by most new entrants to the EU because of their transition to
a market-based economy. The Protocol goal for the Czech Republic was an 8% reduction in
CO2 emissions by 2012 compared to 1990 levels. While the actual emission abatement was
about 17% in 2007 given by economic recession and market transition alone. The absence of
effective measures to ensure further emission reduction goals within the EU forced the

Commission to implement a system of NAPSs.
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Implementing the EU ETS in the Czech Republic proved to be a serious challenge for the
Ministry of the Environment (MZP) since guidelines for NAPs were not very specific and
allowed for different approaches to be taken. The MZP had a very limited amount of historical
data to work with, therefore it chose a baseline period of 1999-2001 for which all selected
major emission producers were required to submit an independent report of CO2 emission in
the set time period [59].

The emission data collected by the MZP was then adjusted for expected sectoral growths,
which proved to be the main variable of the NAP. A total net adjustment of 4.5% of allowances
was made for CHP installations. The NAP draft was further adjusted for country-specific issues
such as district heating, individual corrections, and new entrants reserve. The NAP draft was
officially proposed in October 2004 and it requested an annual allocation of 107.9 million
emission allowances. The Commission evaluated the proposed NAP draft and allowed a much
lower amount of 90.2 million. In April 2005 a revised NAP was fully adopted by the
Commission as it featured arguments for the increased allocation requested. Mainly an increase
in electricity export, an increase in industrial production along with GDP growth rate

projections [59].

The Phase | NAP yielded a total amount of 323.0 million emission allowances (107.7 million
annually) and covered 65% of total GHG emissions in the Czech Republic [60]. The Phase Il
NAP granted a total amount of 509.5 million emission allowances (101.9 million annually) and
covered roughly 69% of all GHG. In contrasts to the first NAP, banking was allowed and

producers could use international credits up to 10% of the total trading period allowance [61].

The changes made to the EU ETS by Phase Il were significant and so was the impact on the
Czech Republic. As discussed in the subchapter 3.3. NAPs were abandoned for a single EU-
wide cap. Benchmarking replaced grandfathering concept as the only method of allocation.
The Commission’s decision was to move to a full auctioning system with zero emission
allowances given away free of charge. However, Article 10c of the Directive entitles countries

that are below 90% of the average EU GDP i.e. the Czech Republic to exceptions.
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In the case of the Czech Republic, electrical utility companies could request free emission
allowances based on the Directive and §12 of 383/2012 Sb law. Each case would be treated
individually on a case by case basis and must be approved by the national government and the
Commission. The monetary amount of emission allowances received free of charge must be
used for retrofitting and upgrading electric utility infrastructure or new investments in clean
energy sources. Starting in 2013 only 70% of eligible and requested allowances would be given

out. This amount is set to decline annually by 10% and finally ending in 2020 [30][62].

According to Trends and projections in the EU ETS in 2018, the free emission allowances were
mostly distributed to lignite and hard coal installations and thus not contributing the

diversification of the overall energy mix [63].

Moreover, district heating and high-efficiency cogeneration companies are eligible for free
emission allowances through individual requests. This incentive is also available for
installations and sectors prone to carbon leakage. According to the Directive, all incentives and

free emission allowances will be discontinued by 2027 [30].
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4 METHODS USED IN MACROECONOMIC
IMPACT ANALYSIS

The primary focus of this chapter is the right selection of an econometric method used in
predicting and evaluating shock impacts based on sudden price change. The most commonly
used econometric methods will be further explored and assessed based on several important

criteria, which include clarity, complexity, data requirements, and valuation scope.

Even though all econometric methods explored by this thesis are being used for energy impact
analysis, not all of them are created equal, and therefore cannot be used in the same manner.
Methods differ mostly on the set criteria mentioned above, but they also tend to support
a different approach when it comes to the valuation scope. For the purpose of this thesis,
methods will be described by two additional aspects. First is the resolution of the process,
which measures whether the method can only assess national economy as a whole or if it can
also further evaluate sectoral impacts within the national economy. With the second aspect
being the duration of the process, which depicts whether the method can be used for short-term

or long-term assessment.

4.1. AGGREGATE DEMAND AND SUPPLY METHOD

The first models used in exogenous energy impact evaluation on the national economy used
the Keynesian functions of aggregate demand and aggregate supply. Where the aggregate
demand curve acts as the demand of the entire national economy and comprises household,
corporate and governmental expenditures. While the aggregate supply curve portrays the

supply side of the economy.

Each aggregate curve is defined by its slope, which is determined by the relationship to price.
An increase in price leads to a decrease in aggregate demand because the market entities are
willing to purchase lesser quantities at a higher price, therefore making the relationship
negative. While the opposite is true for the aggregate supply, therefore price increase leads to
more supply entering the market, which translates to an increase in the overall supply, making
the relationship positive [64][65].
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An impact on the national economy caused by an exogenous shock would lead to a change in
the price equilibrium, which is where aggregate curves intersect, while the impact itself affects
movement along the curves, it also results in a shift of the curves. This effect is most noticeable
in small economies that are price-takers and therefore have a very limited or no power to

influence the price.

The method itself is based on an evaluation of long series of historical data, which are then
evaluated by using regression methods, which must account for changes induced to aggregate
demand by the aggregate supply and vice versa. These induced changes reflect the
simultaneous behavior observed in both curves. Furthermore, these methods cannot be used to
assess sectoral changes within the economy, because of the inherit aggregate character. Lastly,
these methods use a static approach to historical data evaluation, which could lead to inaccurate
or inconsistent data, because the national economy reacts to changes in a dynamic fashion [66].

4.2. VECTOR AUTOREGRESSION METHOD

Vector autoregression method was developed as an extension to the univariate autoregressive
model since it allows for two or more evolving variables. The method is primarily used to test
causalities between variables, which are often in a form of non-stationary time series data.
Furthermore, in vector autoregression method each variable is considered random and also
simultaneously dependent. Each endogenous variable is then explained by a linear function,
which consists of level constant, error term and all lagged values of every endogenous variable

while leaving all exogenous variables out of the equation [66][67].

Vector autoregression is regularly used in estimating impacts of fiscal or monetary policies on
national economies, and combined effects on macroeconomic indicators. This method features
several improvements compared to the aggregate demand and supply method because it does
not require simultaneous equations, which are based on hard to verify empirical assumptions.
However, it has its drawbacks, mainly due to the lack of economic theory and its models, which
could lead to misinterpretation of results or an inability to verify results based on the selected
economical model. Vector autoregression demands a large number of historical data, which

could lead to inconsistencies within developing economies [66][68].
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4.3. INPUT-OUTPUT METHOD

Symmetrical Input-Output (I-O) method provides a different approach to quantitative
economic modeling, focusing primarily on interdependencies between national economies or
industrial sectors. In the 1-O method, an output of one industrial sector may serve as an input
of another sector and vice versa. This approach allows for assessing shock impacts on the
national economy while allowing for a deeper understanding through intra-industry analysis
since all industries affect each other because they react to changes in input and output of all
other industries. The static nature of the results provided by the 1-O method reveals both
positives and negatives of the method, while it can be used for a detailed national and intra-
industry analysis within a given year, it cannot be used to provide a long-term assessment, like

the previously mentioned methods [66][69].

Varying types of I-O analysis are used in present studies. The most commonly used is a single-
region I-O analysis because it requires a very low amount of historical data compared to other
methods and is generally more flexible than a multi-region 1-O analysis [70]. Due to its
simplicity and data availability, the 1-O method finds its use in many recent economic studies.
Several varying studies used the 1-O method to assess national and sectoral economic effects
of auctioning emission allowance, carbon emissions embodied in trade, and carbon footprint
[71][72].

4.4. DSGE METHODS

Dynamic Stochastic General Equilibrium (DSGE) refers to a whole host of modern
econometric quantitative methods used in assessing economic growth, relationship changes in
macroeconomic indicators, and real business cycles. The DSGE model provides rarely
a straight answer. Instead, it relies on a combination of novel algorithms and powerful
simulation techniques, which had only become available in the recent years since the modeling
requires vast amounts of computational power [73].

As the name suggests the method is applied to a general economy while finding an equilibrium
point in each cycle with respect to processes within the cycle, which are not static or
predetermined. The DSGE are commonly used by central banks to estimate changes in
macroeconomic indicators such as GDP, unemployment rate, inflation or deflation rate, output

and income of the economy.
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The main advantage of the DSGE models is that they allow for far more complex analysis of
shock impacts on the economy since multiple scenarios of economic development can be used
to assess the problem. Secondly, they can distinguish between competing forces in the economy
through countless simulations, which cannot be done with models that are based solely on
historical data [74]. However, the DSGE model needs to be calibrated by an array of historical
data in order to work correctly, this factor could inherently be problematic in developing
economies, where such data is not available. The second issue lies with the use of equilibrium
point itself, where the models work with the assumption that equilibrium point is achieved in
each modeled economic cycle. The DSGE models were therefore designed to provide a long-

term assessment, rather than a short-term, like in a case of a price shock [66].

4.5. METHOD EVALUATION AND SELECTION

Selecting the right method for an econometric impact analysis is crucial, therefore | have
defined several criteria mentioned and discussed above to choose the right method for assessing
issues proposed by this thesis. As there are many variations of advanced dynamic modeling
methods, | was only able to cover the general Real Business Cycle method, which is often used

in energy-related impact modeling on national economies.

Table 1. Comparison between econometric methods and their use for assessing shock impact on national
economies and sectoral effects. (Source: Author)

Method Clarity Complexity Data Req. Resolution  Duration
AD/AS High Moderate High National Long-term
VAR Moderate High High Sectoral Both

I-O High Moderate Moderate Sectoral Short-term
DSGE Moderate High High Sectoral Long-term

In order to clearly distinguish between the strengths and weaknesses of each discussed
econometric impact assessment method, | have rated each method on the foundation of five
criteria set at the beginning of this chapter. Each rated econometric method and its score is
displayed in Table 1.

The first criterion is clarity, which describes how transparent the method. The general rule of
thumb implies that the more complex the method gets, the less clear it becomes and vice versa.
Clarity criterion goes hand in hand with complexity, where each method balances between

higher clarity or higher complexity, while inevitably sacrificing part of the other.
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Data requirements criterion explains how much historical data is necessary for each method to
work correctly. In general, lower data requirements are better. The last two criteria describe the
valuation scope of each method, with more detailed resolution and more versatile duration

being the better options.

For the purpose of this thesis, I will assume that in the case of the Czech Republic, which is
a relatively new and transitioning economy, there is a lack of comprehensive historical data,
which narrows down the method selection quite significantly. Furthermore, since | want to
assess the impact of a shock change in emission allowance prices, the set method must provide

a short-term valuation scope and allow for sectoral analysis.

Under these conditions, the 1-O method shows to be better suited for issues proposed by this

thesis, with the VAR method coming in second.

4.6. INPUT-OUTPUT METHODOLOGY

The previous subchapters provided a basic overview and evaluation of the 1-O method. This
subchapter serves as a way to introduce the 1-O methodology and terminology based on the
Methods of Interregional and Regional Analysis [69] and Auctioning CO2 Permits in the Czech

Republic [71]. For a more detailed introduction please see those publications.

4.6.1. DEFINITIONS

Symmetrical 1-O tables are used to describe relationships between individual industry sectors
and the overall condition of a national economy. Each sector is represented twice in the I-O
table, once as a supply side in a form of rows and once in columns for the demand side. It is
important to note, that sectors must produce or provide a homogenous product or service, which
must be unique to the given sector based on a standardized sector definition like NACE v2

classification or similar. Any given national economy can have n number of sectors.

A typical symmetrical I-O table is often defined by three separate matrices, an interindustry
demand matrix Z, a primary input matrix Y, and a final demand matrix F. If a given economy
has n number of sectors, then Z will have n x n dimensions. Let us define each element of Z as
zij, which shows a monetary value of sales from sector i to sector j over a given time period.
These elements express the intermediate demand for products or services in the national
economy, while elements of the F matrix fi explain the total value of sales from sector i to the
final consumers (aggregated number for households, corporate investments, governmental

purchases, and exports).
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The previous two matrices explain the flow between the industry sectors and final consumers,

while the last matrix Y shows value-added components and imports.

The primary input matrix Y defines value-added sectors including labor, land, and capital, and
others such as taxes, profits, and imports. The following relationships can be defined for

the Y matrix:

The total payment for labor in the entire economy L is equal to a sum of |;, which is a payment

for labor employment in sector j.

The total other value-added payment in the entire economy OV is equal to a sum of ovj, which
is a payment for other value-added items in sector j to the other sectors.

OV = ov; + ovy+...+ov, 2
The total import of the national economy M is equal to a sum of m;, which is a payment for

imports in sector j.

M =m; + my+...+m, (3)
Same assumptions can be made about the final demand matrix F, which explains the final
demand for products or services by households, corporate investments, governmental

purchases, and exports. The following relationships can be defined for the F matrix:

The total household expenditure C is equal to a sum of ¢i, which is household expenditures for

product i.

C=ci+c+...+c, 4
The total corporate investment | is equal to a sum of i;, which is corporate investments in the

sector i.

The total governmental purchase G is equal to a sum of gi, which is governmental purchases of

products in sector i.

G=91+92F..+Gn (6)
The total export E is equal to a sum of e;, which is exports of products of sector i.

E=e +e,+...+e, @)
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Let us further define a total production matrix X, with elements x; being the total monetary
value of products or services produced or provided by sector i in the given time period (the
gross output of this sector). The total production in sector i can be described as a sum of all
interindustry sales and final demand for the set product. For each sector i = 1, ..., n we get

X; :Zil+Zi2+"'+Zin+Ci+ii+gi+ei (8)
Identically the total production in sector j can be assessed as a sum of all interindustry sales

and primary inputs to that sector. For each sector j = 1, ..., n we get

x]=21]+22]++Zn]+l]+0v]+mj (9)
Equations (8) and (9) show the nature of symmetrical double accounting in I-O methodology.

This can be further observed in the Table 2.

Table 2. Typical Input-Output table. (Source: [71])

Interindustry 'EQaLEdﬁE?QS Total

Demand (Z) P 0 ()

Z11 ** Z1p C1i1 01 € X1

Sectors Pl - :
Zn1 *** Znn Cn ip 9n €n Xn

Value-added Lo L, Transactions L
Components oV . OV, between the payment ov

sectors (inc. import)
Imports (Y) m Mn and final demand M
Total
®) X1 e Xp CIGE

Both summarized equation (8) and (9) describe the total volume of the economic activity and

therefore both equations should be equal to each other and thus provide the same overall effect

n n
D HACHI +GHE= Y 5+ L+ OV +M (10)
i=1 =1

Under normal circumstances the total interindustry sales must be equal to the interindustry

purchases, while imports and exports are accounted for, then we can put

X; = Xj (11)

n n
i=1 j=1
At that point we can further simplify equation (10) by introducing equation (11) and subtracting

the total imports M, then we get
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C+I+G+((E~-M)=L+0V (12)
The left-hand side of the equation comprises the totals of household expenditures, corporate
investments, governmental purchases, and balance between exports and imports, which in itself
is the definition of GDP and this is equal to the total value-added in the entire economy as

described by equation (12).

4.6.2. DIRECT COEFFICIENTS

By aggregating elements of the final demand matrix F into a vector f, we get the following

relationship for the elements

fi:Ci+ii+gi+ei (13)
and subsequently we simplify equation (8) to

X; =Zj +Zipt+.. .tz + fi (14)
The direct coefficient matrix (also sometimes referred to as technical coefficient or direct
requirement coefficient) is calculated by normalizing matrix Z by the total resource. The
process is defined as ajj = zjj/ xj and they indicate the input value of sector i on one unit of
output of sector j. The following direct coefficients can be arranged using a matrix.

A= (15)

@Gy
The sum of individual elements in each column represents the total amount the sector j has
spent per one monetary unit of its production. We will assume that the technical coefficients
remain constant in the given time period, and production of each sector j is known, therefore X;
is known, then we can use the direct coefficient matrix A to compute the required inputs of all
sectors i = 1, ..., n required to produce x;. This can be done for every sector j. If we substitute
Zij = ajjXj in the equation (14), then for each sector i = 1, ..., n the total production of this sector

can be calculated using the known intermediate and final demand.

X; = ap1 X1 + Qi X+ Faipx, + fi (16)

4.6.3. MATRIX ALGEBRA

Since the 1-O method operates with arrays of numbers, we can simplify our equations through
the use of matrix algebra. Both the total production matrix X and the final demand matrix F
can be written as n-dimensional column vectors x and f respectively. In addition, we define an

identity vector i and an identity matrix I with n x n dimension.
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el <

Since we already have the direct consumption matrix A, we also need to compute the necessary

total consumption matrix B. In matrix algebra we can write the following equations:

x=Ax+f a7
And then by rearranging equation (16) we get
(I-Ax=f (18)
Equation (18) shows the relationship between production and final demand.
x=(I-A)f (19)

We can further define matrix B = (I-A)?! also known as Leontief Inverse matrix or total

consumption matrix.[75]

4.6.4. IMPACT OF AN EXOGENOUS SHOCK

To assess the impact on the final demand caused by an exogenous shock we must first estimate
or calculate the size of the exogenous shock but also its sectoral effects. The exogenous shock
will lead to a shift in final demand f* and we need to find the total production vector x*, which
explains the new final demand with respect to the shock. For the shock we can identically with

equation (19) write the following
x*=(I-A)7f =Bf" (20)
According to the standard algebraic rules if a such that 0 <« <1 holds that
(1-a)t=1+a+a?+ad+...+df (21)
and the approximation gets more accurate with larger k. Similar results can be obtained for
square matrices where all elements are non-negative and smaller than one. Finally, the sum of

elements in each column must be smaller than one. In our case, matrix A meets these conditions

and therefore

(I—A)1=1+A+A%+ A3+... +A* (22)
and similarly

X' = f* 4 Af* 4+ AZf + A3 AR (23)
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The first factor on the right-hand side of equation (23) is the new final demand. This new final
demand captures the initial demand of each sector of the entire economy. Production in each
sector must be at least equal to f* because no interactions between sectors exist, therefore all
elements of matrix A are equal to zero. The second element explains the direct effect of the
change, while a sum of all the remaining factors shows the indirect effect. Equation (20) can

also be written in differences:

Ax = (I — A)7'Af = BAf (24)
Equation (24) explains the relationship between the change in production and the change in
total demand. This equation will be further used in the calculations.

4.6.5. 1-O MULTIPLIERS

Multipliers are used to assess the overall impact of the I-O method on general production,
employment, income, and more. Basic multipliers can be calculated as a ratio between the total
change and the initial change. Sum of all changes 4x explains the total change in turnover of
the entire economy. These multipliers are also known as type | multipliers, which could also
be defined as a sum of direct and indirect changes divided by the total direct change. Similarly,

type 1l multipliers can be calculated by adding induced change to type | multipliers [76].

The output multipliers for each industry sector can be calculated by adding individual column
elements together. It is important to calculate not only the total output change but also change
in the intermediate demand due to the change in a specific sector. This difference can be
assessed as the output multiplier for a given sector multiplied by change Afj*, which is induced

by a change in final demand f* caused by the exogenous shock.

n
i=1
where bij are elements of the total consumption matrix B.

When output changes across the sectors in the economy, and the technology remains constant,
we can calculate the employment multiplier, which utilizes a unit of labor instead of a monetary
unit. We can define the labor intensity of a sector i as ei. The employment multiplier explains

the change in employment in sector j based on a monetary change in the same sector.
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The employment vector is not a standard part of the I-O table, and therefore must be acquired
through other means. One way of calculating the employment vector is by using gross output
generated by sector j divided by gross average wage in that sector. Other methods utilize similar
data to find the employment vector, such as average number of employees in sector j divided
by the gross output. Basically, this multiplier shows how many new jobs will be created when

the demand in that sector increases by one monetary unit [77].

4.6.6. 1-O MODELING ASSUMPTIONS

The 1-O methodology operates with static inputs; such as these: interindustry demand matrix
Z, primary input matrix Y, and final demand matrix F. However, these matrices, and their
respected elements are not static in time. The following assumptions must be made when the

[-O modeling is correctly used.

First, 1-O models are demand based and therefore supply must be always able to match the new

demand. Furthermore, there are no limits to output capacities in the industries.

Second, the input structure for producing each homogenous and unique product is fixed, and

the same must be true for value-added components.

Third, the structure of the national economy remains constant and no new products or sectors

are created.

Lastly, as seen above all these assumptions rely heavily on the fact that the 1-O modeling is
linear and static within the examined time period. In reality, this is not the case as both the
supply and demand side would naturally adapt to the new environment, thus lessening the
impact of the induced change. However, the I-O modeling can still be used to assess shock
changes or short time changes within the national economy if all three assumptions are
respected. Since the method operates with a fixed structure of inputs and outputs, the results

serve as the maximal impact scenario [78].
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5 1-O MODEL IMPACT ANALYSIS
5.1. SECTORS OF THE NATIONAL ECONOMY

For the purpose of this thesis, | will assume the Czech Republic to be a small market-based
economy and inherently a price-taker, therefore incapable of influencing the emission

allowance market price.

As mentioned in the previous chapter, the I-O method is based on intra-industry sales as inputs
to other industries. This methodology is often used by the Czech Statistical Office (CZSO) in
impact assessment studies. The CZSO calculates and publishes symmetrical 1-O tables every

five years. The last available data are from 2015 [79].

Statistical categories are used to classify and distinguish between effects and processes in the
national economy. The purpose of categorization is to divide statistically observed data into
homogenous classes that can be further used in econometric assessments. It is pivotal for the
categories to be mutually exclusive as each statistical unit can only be assigned to one category
[80].

Each Member State is required to use NACE for standard classification of economic activities
under the EU. A unified system provides means to compare statistical data between countries
and industries. According to the methodology, each statistical unit involved in an economic
activity is assigned a NACE code. Economic activity is defined as a process of product
manufacturing or providing services by using labor, manufacturing processes, or intermediate
products as a means of achieving this economic activity. The economic activities are defined
by inputs, manufacturing processes, and outputs in terms of products or services. In NACE,
activities are defined either by one or more manufacturing processes. If a statistical unit is
manufactured by several linked processes, then all the processes are considered as a single
economic activity. NACE does not categorize statistical units, because each unit can be
involved in more than one economic activity. Furthermore, NACE does not differentiate

between privately or governmentally owned statistical units [80].

The NACE methodology includes up to four levels of categories in each economic activity.
The first level is denoted by an alphabetical character and can be observed in Table 2. The

alphabetical characters form main groups with similar economic outputs.

45



CHAPTER FIVE: I-O MODEL IMPACT ANALYSIS

Such as category A, which combines agriculture, forestry and fishing or specific groups dealing

with manufacturing, electricity, gas, steam and air-conditioning or water supply and sewage

treatment facilities.

Table 3. NACE v2 categories. (Source: [81])

Agriculture, forestry and fishing

Mining and quarrying

Manufacturing

Electricity, gas, steam and air conditioning supply

Water supply; sewerage; waste management and remediation activities

Construction

Wholesale and retail trade; repair of motor vehicles and motorcycles

T @ Ml m O O W >

Transporting and storage

Accommodation and food service activities

Information and communication

Financial and insurance activities

Real estate activities

Professional, scientific and technical activities

Administrative and support service activities

Public administration and defense; compulsory social security

Education

Human health and social work activities

Arts, entertainment and recreation

w» O v o zzr x o

Other services activities

Activities of households as employers; undifferentiated goods - and services -
producing activities of households for own use

c| -

Activities of extraterritorial organizations and bodies

The second level, which the CZSO uses for calculating the symmetrical 1-O tables, is signified

by a two-digit number that further breaks categories down. While the third and fourth level is

represented by a three-digit and four-digit number respectively and these categories provide

the most detailed view of the individual sectors because they go as far as mining specific ores

or casting specific metals. The total number of categories in a complete NACE v2 table is 995,

which tends to be impractical in modeling use [81].
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5.2. SECTORAL EMISSIONS

The European Environmental Agency (EEA) is charged by the Commission to gather, store,
and present emissions data for each Member State. The following sectors are covered by the
EU ETS in the Czech Republic: aviation, combustion of fuels, refining of mineral oil,
production of coke, production of pig iron and steel, production or processing of ferrous metals,
production of secondary aluminum, production of cement clinker, production of lime, or
calcination of dolomite or magnesite, manufacture of glass, manufacture of ceramics,
manufacture of mineral wool, production of pulp, production of paper or cardboard, production

of nitric acid, production of bulk chemicals, and other activity opted-in under Article 24.

The proportion of verified emissions and free allocation during Phase I1l in the individual
sectors can be observed in Table 4 and Table 5 respectively. The base year for each sector is

2013 as the beginning year of Phase I11.

Table 4. Verified emissions in the Czech Republic. (Source: EEA, Calculations: Author)

ecto 0 014 0 016 0
10 Aviation 100 94 103 115 119
20 Combustion of fuels 100 98 98 99 98
21 Refining of mineral oil 100 111 113 87 121
22 Production of coke 100 100 96 101 108
24 Production of pig iron or steel 100 100 96 103 92
25 Production or processing of ferrous 100 98 81 71 73
metals
27 Production of secondary aluminum 100 103 105 115 132
29 Production of cement clinker 100 110 115 127 130
30 Production of lime, or calcination of 100 102 103 103 108
dolomite/magnesite
31 Manufacture of glass 100 106 114 115 118
32 Manufacture of ceramics 100 99 97 102 104
33 Manufacture of mineral wool 100 119 127 133 137
35 Production of pulp 100 46 37 35 33
36 Production of paper or cardboard 100 101 101 99 99
38 Production of nitric acid 100 97 94 87 77
42 Production of bulk chemicals 100 109 103 103 100
99 Other activity opted-in under Art. 24 100 95 93 88 103
Total 100 99 99 100 99
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Data provided by the EEA show that the largest increase of verified emission was in these
sectors: manufacture of mineral wool, production of secondary aluminum, and production of
cement clinker. Whereas the largest abatement was achieved in production of pulp, production
or processing of ferrous metals, and production of nitric acid.

The total of verified emissions for all sectors including aviation was one percent lower
compared to the base year. When we exclude combustion installations, the total increases by

two percent.

Table 5. Free allocation in the Czech Republic. (Source: EEA, Calculations: Author)

ecto 0 014 0 016 0
10 Aviation 100 100 100 100 100
20 Combustion of fuels 100 86 73 61 47
21 Refining of mineral oil 100 92 91 89 87
22 Production of coke 100 98 97 95 93
24 Production of pig iron or steel 100 98 97 94 93
25 Production or processing of ferrous 100 86 80 68 63
metals
27 Production of secondary aluminum 100 98 96 110 119
29 Production of cement clinker 100 98 97 95 93
30 Production of lime, or calcination of 100 98 96 96 90
dolomite/magnesite
31 Manufacture of glass 100 97 95 96 94
32 Manufacture of ceramics 100 97 96 93 90
33 Manufacture of mineral wool 100 101 100 98 96
35 Production of pulp 100 98 97 95 93
36 Production of paper or cardboard 100 102 101 98 95
38 Production of nitric acid 100 98 96 93 91
42 Production of bulk chemicals 100 100 96 94 93
99 Other activity opted-in under Art. 24 100 98 97 95 93
Total 100 91 83 84 65

The decline of free allocation can be observed in Table 5, with the largest decline in combustion
of fuels, and production or processing of ferrous metals. The total free allocation for all
installations including aviation was significantly lowered compared to the base year to about
65. This is mainly due to the fact, that combustion of fuels accounts for nearly 52 percent of

all free allocations.
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The amount of auctioned allowances can be assessed as the difference between verified
emissions and free allocation within the sector. Absolute values for the year 2017 can be

categorically observed in Table 6.

Table 6. The 2017 carbon emissions in the Czech Republic. (Source: EEA, Calculations: Author)

Sector (EU ETS) \E/rer:ii:;(iagns Zﬁfcation ﬁﬁgf/i/%%ec(is

20 Combustion of fuels 53609859 | 16770695 | 36839 164
21 Refining of mineral oil 995 680 852 032 143 648
22 Production of coke 115 268 181 786 -66 518
24 Production of pig iron or steel 5 453 937 8270 435 -2 816 498
fnsezirlgduction or processing of ferrous 101 457 44992 56 465
27 Production of secondary aluminum 22 935 18 089 4 846
29 Production of cement clinker 2 588 940 2 350 856 238 084
325:&‘2;‘;3;;{1‘;;'&“& or calcination of 1230127 | 946691 283 436
31 Manufacture of glass 751 595 647 796 103 799
32 Manufacture of ceramics 408 300 409 115 -815
33 Manufacture of mineral wool 61 573 43 365 18 208
35 Production of pulp 16 753 10 428 6 325
36 Production of paper or cardboard 444 785 318 388 126 397
38 Production of nitric acid 735559 490 817 244742
42 Production of bulk chemicals 370 089 329 961 40128
99 Other activity opted-in under Art. 24 68 901 181 249 -112 348
Total 67 470764 | 32241474 | 35229290

The disproportionality between the combustion of fuels and other sectors is clearly visible in
the last column of Table 6. The total amount of auctioned allowances is lower than expected,
since several sectors get free allocation larger than their verified emissions, thus lowering the
total pool of necessary allowances. These include production of pig iron and steel, production
of coke, and manufacture of ceramics, which are sectors proven to be very susceptible to carbon

leakage.
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Since the sectoral structure provided by the EEA does not directly match NACE v2
classification, | have created a conversion chart, which matches sectors in NACE to EU ETS
ones. The matched sectors along with the amount of emission allowances based on BAU and

full actioning (FA) allocation approach are displayed in Table 7.

Table 7. Conversion chart between NACE and EU ETS. (Source: EEA, Calculations: Author)

NACE sector EU ETS sector BAU FA
17 Manufacture of 35 Production of pulp
PENGE elgl BefEer 36 Production of paper or cardboard Lo (22 HEL S
products
19 Manufacture of 21 Refining of mineral oil
coke and refined 22 Production of coke 77130 | 1110948
petroleum products
20 Manufacture of 38 Production of nitric acid
chem!cals and 42 Production of bulk chemicals 2AE | LAl lenE
chemical products
23 Manufacture of 29 Production of cement clinker
g?neerrgfn;?jailtlslc 30 Production of lime, or calcination
P of dolomite/magnesite
31 Manufacture of glass 642712 5040535
32 Manufacture of ceramics
33 Manufacture of mineral wool
24 Manufacture of 24 Production of pig iron or steel
SEEE AL 25 Production or processing of
ferrous metals -2755187 | 5578329
27 Production of secondary
aluminum
35 Electricity, gas, 20 Combustion of fuels
steam, and air 99 Other activity opted-in under Art. | 36 726 816 | 53 678 760
conditioning supply | 24
51 Air transport 10 Aviation 120 227 495 006
Total 35229290 | 67470764

Several important inferences can be made based on data provided in Table 7. First, it is very
evident, that sector electricity, gas, steam, and air conditioning supply is by far taxed by the
EU ETS the most. Second, NACE classification is greatly aggregated compared to EU ETS

classification, leaving only seven sectors compared to 16 in the beginning.
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Third, the gap between other industries is rather small, however, this does not apply to the
manufacture of basic metals, which has the largest and only surplus of allowances based on
data provided by EEA.

The values found in the last column provide the necessary inputs to the income side of the

national budget, which will be further discussed in the next subchapter.

5.3. ENVIRONMENTAL POLICY EFFECTS

It is pivotal for the I-O modeling to consider both the expenditure side of the Af vector and also
the income side. To achieve consistency across the model, | will assess the scenarios from the
sectoral perspective. The analyzed sectors are subjects of emission allowance trading, and thus
they are exposed to the primary market impact (PMI). For this very reason, | will denote the
expenditure side in my calculations as Af-, which represents the PMI and is principally
a negative number. On the other hand, the funds raised through emission allowance auctioning
are then redistributed back to the national economy, and thus they become capital and non-
capital sectoral expenditure. The redistribution portrays the income side and is further denoted
as Af+. This part represents the primary redistribution impact (PRI) and is always a positive

number.

Furthermore, 1 will assume the 1-O model to be fiscally neutral. It is implied that all funds
generated through emission allowance auctioning will be redistributed back to the national
economy in a form of capital and non-capital expenditures. The final form of vector Af is shown

in formula (27).

Af = Af_ + Af, (27)
For fiscally neutral scenario the following must be true:

Af-i=0 (28)
And hence the total income must be equal to the total expenditure or in other words, there is
no net profit or loss, but only on the national economy level. Sectoral distribution could vary

quite significantly.

Finally, in order to get accurate and real-world data | have used the 2017 Statistical Yearbook
of the Czech Environment published by the MZP [82], which features (among many other
things) an overview of capital and non-capital expenditures for climate and environment
protection of the MZP and other joint governmental organizations in a detailed NACE v2

classification.
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The primary capital expenditures were in the following sectors: manufacture of paper and paper
products, electricity, gas, steam and air conditioning supply, water collection, treatment and
supply, and public administration, defense, and social security. Just these four sectors alone
accounted for 86% of all capital expenditures in 2017.

For non-capital expenditures, which were about 73% higher than capital expenditures, the main
sectors were the following: manufacture of chemicals and chemical products, manufacture of
basic metals, electricity, gas, steam and air conditioning supply, water collection, treatment and
supply, and public administration, defense, and social security. These five sectors alone

accounted for 82% of all non-capital expenditures in 2017.

I have combined both capital and non-capital expenditures and used this data during

calculations of the I-O model.

5.4. MODELED SCENARIOS

To study the impact of different approaches to the governmental redistribution of funding into
the national economy in accordance with the national environmental policies, | have chosen to
calculate and analyze two main scenarios each featuring a different approach to auctioning.
The first scenario accounts only for emission allowances truly purchased through auctioning
as required by the current legislation, therefore acting like BAU scenario. The second scenario
plays with the idea, that in the near future all emission allowances will have to be purchased
through auction. Thus, the second scenario employs verified emissions as the number of
emission allowances that would have to be purchased. This not only leads to an increased pool
of emission allowances (about doubling the current non-free pool) but also changing the
distribution since many sectors were favored by being given a surplus of emission allowances

based on historical values.

As mentioned in the previous subchapters, the funds raised through emission allowance
auctioning must be (at least 50%) used to fund climate and environment protection projects. In
the subchapter about the EU ETS in the Czech Republic, | mentioned law 383/2012 Sb., which
deals with terms and conditions of emission allowance trading. This law specifies that all
income generated through emission allowance auctioning must go through the national budget,

and then is split in half.
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The first half goes to the MZP and the second is often used as an income to the national budget.
Whilst this is unfavorable information, | have decided to use the MZP capital and non-capital
expenditure as described previously as a 100% model rule. This basically means that the real-
world scenario would be somewhat lessened because the government can use the other half to

fund whatever issues it deems the most important at that time.

Furthermore, for the purpose of the 1-O model, | have decided to use a set price of €30 per
emission allowance. This is due to a general consensus, which equates to real expense estimates

that a production of a ton of CO- levies on the environment.

This, however, poses no problem for the results and other pricing scenarios, because all the

results obtained through the 1-O model are linear.

A different pricing scenario of emission allowance can be easily obtained from the results by
multiplying the desired results by a coefficient, which can be calculated as a new desired price
per emission allowance divided by the set price. Such formula can be used to obtain both

different turnovers as shown in equation (29) but also employment.

desired price

Ax; = Ax;

29
set price (29)

Additionally, all calculations were made in CZK, however, emission allowances are sold in
EUR, thus | have used a fixed currency exchange rate of 25 CZK per EUR. A different

exchange rate can be used to access the result data by the coefficient mentioned above.

Lastly, each modeled scenario includes not only primary impacts but also induced (total)
impacts. This results in three new terms. Firstly, the induced market impact (IMI) stands for
a total impact caused only by assuming the expenditure side, this vector is denoted as Ax- in
the calculations. Similarly, the induced redistribution impact (IRI) relates to a total impact
caused only by assuming the income side, this variable is denoted as Ax+. Lastly, the total
induced impact (T11) adds the two vectors together, which represents a total impact caused by
a fiscally neutral case. The following equation (30) shows the addition of the two vectors into

the final vector.

Ax = Ax_ + Ax, (30)
Same terms will be used also to assess impact on employment by substituting the Ax vectors

in equation (30) by Ae vector.
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5.5. PRIMARY MARKET IMPACT OF EUA PRICING

Illustration of the primary market impact based on both emission allowance pricing scenarios

can be observed in Table 8 and Table 9 respectively for each scenario. | have chosen to start

with an EUA price of €10 and opted for a total of four increments each of €10.

Table 8. Primary market impact in mil. CZK — Scenario I. (Source: EEA, Calculations: Author)

Sector / EUA price €10 €20 €30 €40 €50
17 Manufacture of paper 1332 66.4 -99.5 1327 -165.9
and paper products

19 Man_ufacture of coke 10.3 138.6 578 771 -06.4
and refined petroleum

20 Manufacture of 71.2 -142.4 2137 2849 |  -356.1
chemicals

23 Other non-metallic -160.7 -321.4 -482.0 6427 |  -803.4
mineral products

24 Manufacture of basic 688.8 137761 20664 27552 34440
metals

35 Electricity, gas, steam | g101 2| 183534 | -275451 | -36726.8 -45908.5
and air conditioning

51 Air transport -30.1 -60.1 -90.2 -120.2 -150.3
Total 88073 -17614.6 -26422.0| -352293 | -44036.6

Other than the large disproportionality between the electricity, gas, steam and air conditioning
sector and all the other sectors, one other phenomenon can be observed. In the previous
subchapter, I wrote that the PMI is principally negative, however for the manufacture of basic

metals in Table 8 the opposite is true.

This phenomenon is caused by a surplus in the free allocation and will be further discussed in
the entire next chapter along with its impacts and implications, and thus | will not address this

issue here any further.

Unlike the first scenario, the second scenario is void of the negative phenomenon. And even
though the total PMI has nearly doubled, the sectoral effects are very much disproportional

when viewed side-by-side with the previous scenario.
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Table 9. Primary market impact in mil. CZK — Scenario Il. (Source: EEA, Calculations: Author)

Sector / EUA price €10 €20 €30 €40 €50
17 Manufacture of

paper and paper -115.4 -230.8 -346.2 -461.5 -576.9
products

19 Manufacture of coke

. -277.7 -555.5 -833.2 -1110.9 | -1388.7
and refined petroleum

20 Manufacture of

: -276.4 -552.8 -829.2 -1 105.6 -1382.1
chemicals

23 Other non-metallic

: -1 260.1 2520.3 -3780.4 -5040.5| -6300.7
mineral products

22 WY T2 0 13946 27892 -41837 55783 -69729

basic metals

35 Electricity, gas,

steam and air -13419.7 | -26839.4 | -40259.1 | -53678.8| -67098.5
conditioning

51 Air transport 123.8 -247.5 -371.3 -495.0 -618.8
Total -16 867.7 | -33735.4| -50603.1| -67470.8| -843385

For example, the manufacture of coke and refined petroleum sector is subject to an increase of
almost 1500% in the second scenario. This is all due to the different emission allowance

distribution.

5.6. SCENARIO I - BUSINESS AS ASUAL

The BAU scenario results show an overall national economic impact of a shock change in
emission allowance pricing of €30 per allowance would cause a PMI of -26.4 bn CZK, resulting
in an IMI of -52.0 bn CZK, however this is contested by the PRI of 26.4 bn CZK, resulting in
an IRI of 48.0 bn CZK. Based on the present environmental policy, the net result of the TII

comes down to about -4.0 bn CZK.

The change in net employment results in an increase of around 10 000 work jobs, however as
can be observed in Table 11, the PMI causes about 7 000 jobs to be lost, while the IMI results
in a loss of nearly 17 000 jobs. Again, this is opposed by the PRI of 16 000 new jobs and the
IRI of 27 000 new jobs. Moreover, the net number of new jobs comes from a loss of around
10 000 productive non-governmental jobs, most notably in power and heat generation and other

carbon-heavy industries.
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This loss is contended by an increase of slightly over 20 000 new jobs created largely in public
administration, defense, and social security. Along with jobs in sewage treatment, water

treatment, and water collection.

Moreover, few sectors prone to carbon leakage were given a surplus amount of emission
allowances (the difference between verified emissions and free allocation is negative) and this
fact leads to increased capital in the given sectors and thus increasing both turnover and

employment as is the case for manufacture of basic metals.

The most impacted sectors are displayed in Table 10 and Table 11. Both tables express an
excerpt from the turnover change and change in employment tables respectively. Full versions
of both Table 10 and Table 11, can be found in Appendix A under Table 16 and Table 18
respectively.

The results show that the electricity, gas, steam and air conditioning sector is the most severely
impacted sector with the PMI of -27.5 bn CZK, which is larger than of a whole national
economy (this is caused by the general over-allocation to protect from carbon leakage). While
the IMI of this sector is even higher at -34.1 bn CZK. When the redistribution takes place, this
causes PRI at 2.0 bn CZK and IRI at 3.4 bn CZK. The total turnover impact comes down to -

30.7 bn CZK and net change in employment of about negative 8 000 workers.

On the other hand, the largest increases in both the total turnover and net employment come
from heavily subsidized sectors in accordance with the existing environmental policy, which
puts more money in public administration, water supply, and sewage treatment sectors. These
incentives in forms of capital and non-capital expenditure yield expected results, which are

much higher than for the other sectors regardless of their adherence to the EU ETS or not.

Several sectors, which could be considered carbon-heavy are omitted from the EU ETS,
however, their strong relationships with other sectors, which are included in the emission
trading scheme make for an interesting case. For example, sector extraction of crude petroleum
and natural gas, which is tightly linked to combustion of fuels, chemicals, and others, is not
included in the EU ETS, thus Table 10 shows no PMI in this sector.

Yet, the IMI is nearly -3.1 bn CZK, while the governmental redistribution only returns about
1.0 in a form of IRI. The resulting induced change in turnover is -2.1 bn CZK. The net loss of
workers in this sector is not as predominant since the sector has a very low employment
multiplier of 0.106.
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This example perfectly illustrates linkages between industries and how an impact in other

industries (regardless of backward or forward linkages) affect the given industry, either directly

in a form of a primary impact, or indirectly in a form of a secondary or induced impact.

Table 10. Excerpt from turnover change in mil. CZK at €30 per EUA — Scenario I.

(Source: EEA, CZSO, MZP, Calculations: Author)

Sector PMI IMI PRI IRI TII
National Economy -26422.0 | -51968.0 | 26422.0 | 48009.4 | -3959.5
05 Mining of coal and 00 -1858.6 2478 5117 -1346.9
lignite

06 Extraction of crude

petroleum and natural 0.0 -3144.4 534.8 997.4 | -2147.0
gas

17 Manufacture of paper 995 2071 35479 43673 41402
and paper products

19 Manufacture of coke 578 1393.8 00 4132 19.4
and refined petroleum

20 Manufacture of 2137 6625 8558 15105 848.0
chemicals

23 Other non-metallic -482.0 6892 2416  465.6  -223.6
mineral products

24 Manufacture of basic 20664 17954 11409 23864 41818
metals

35 Electricity, gas, steam | ;5401 | 340817 19607 33924 -30 689.3
and air conditioning

36 Water collection, 0.0 1930 31659 | 36270 34340
treatment and supply

37-39 Sewerage. Waste 0.0 1727 63799 76715 74988
collection, water treatment

51 Air transport -90.2 -109.6 28.0 45.1 -64.5
84 Public administration 0.0 964 | 53694 56915 55951

and defense

(PMI — primary market impact, IMI — induced market impact, PRI — primary redistribution impact,
IRI — induced redistribution impact, TIl — total induced impact)

Furthermore, few sectors featured in Table 10 suffer from a primary market impact, however

thanks to the environmental policy their resulting TII is positive. Such is the case of

manufacture of paper and paper products, manufacture of coke and refined petroleum,

manufacture of chemicals, and manufacture of basic metals.
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The opposite can be said about these sectors: other non-metallic mineral products, electricity,
gas, steam, and air conditioning and air transport, which do not benefit from the current
legislation as much as the other sectors, however, the IMI is always lower (negative value) than
the TII (also negative). In other words, it can be supposed that the overall environmental policy

lessens the induced change across all industries regardless of the industry, albeit not at the same

level.
Table 11. Excerpt from change in employment at €30 per EUA- Scenario 1.
(Source: EEA, CZSO, MZP, Calculations: Author)
Sector PMI IMI PRI IRI TII
National Economy -7070  -16986 16058 27069 10083
05 Mining of coal and lignite 0 -484 65 133 -351
06 Extraction of crude petroleum and 0 -332 56 105 297
natural gas
17 Manufacture of paper and paper 35 81 1261 1550 | 1472
products
19 Manufacture of coke and refined 16 -108 0 113 5
petroleum
20 Manufacture of chemicals -61 -188 242 428 240
23 Other non-metallic mineral -180 957 90 174 .83
products
24 Manufacture of basic metals 637 553 352 735 1289
35 El_e(_:trl_mty, gas, steam and air 7348 -9092 595 905 | -8 187
conditioning
36 Water collection, treatment and 0 135 2990 o544 | 2409
supply
37-39 Sewerage. Waste collection, 0 2129 4760 5723 5504
water treatment
51 Air transport -68 -82 21 34 -48
84 Public administration and defense 0 -93 5187 5498 | 5405

(PMI — primary market impact, IMI — induced market impact, PRI — primary redistribution impact,
IRI — induced redistribution impact, TIl — total induced impact)

Lastly, the results of obtained through I-O modeling could be used as a maximum case scenario,
where the environmental policies cannot change as quickly and drastically as emission
allowance prices do. In a real-world scenario, the overall effects both on total turnover and net

employment would probably be lessened by changes in legislature.
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The main focus would be on restructuring the current capital and non-capital project support
so that fewer productive jobs are lost, and fewer jobs in public administration are opened. This
proves that the existing environmental policy is not ready for a shock increase in EUA price or
for a larger increase in general since the capital and non-capital incentives are based on a lump

sum, which was mostly achieved by auctioning EUA at a very low price.

This issue is even more evident in the second scenario, where all emission allowances are
auctioned off and that the capital and non-capital expenditures favor few sectors drastically
more than all the other sectors, even those that are levied by the EU ETS.

5.7. SCENARIO Il - FULL AUCTIONING

The hypothesis discussed in the subchapter about modeled scenarios puts forth an idea when
legislation changes and suddenly all emission allowances in all sectors covered by the EU ETS
must purchase all their emissions allowances through auction markets and no free emission
allowances are further given. This is after all the ultimate goal of the EU ETS. The verified
emissions in the Czech Republic have barely decreased on a year-over-year basis as depicted
in Table 4 and this leads me to the calculation of the FA scenario using the same conditions as
in the previous subchapter, however with both increased pool of emission allowances and a

different distribution vector.

This is not simply a linear extrapolation of results obtained in the previous subchapter, because
each scenario has a different proportion of emission allowances as compared to the total
emission allowance. In fact, two sectors from the EU ETS had a surplus of emission

allowances, which is no longer the case in this scenario.

The FA approach yields a total PMI of -50.6 bn CZK, which is roughly double the first scenario,
and an IMI of -96.1 bn CZK, which again is roughly double and so is the proportion of emission
allowance in the FA scenario compared to BAU scenario. Furthermore, the redistribution side
of the vector shows similar doubled values, namely a PRI of 50.6 bn CZK and an IRI of 91.9
bn CZK. Nonetheless, the TTI results in -4.1 bn CZK, which is almost the same value as in the
first scenario. This is primarily due to a different distribution of emission allowances, where
basically doubling the pool of emission allowances, does not relate to a doubled increase in

turnover, this all relays to the individual output multipliers in each analyzed sector.
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The most severely impacted sectors are displayed in Table 12 and Table 13 respectively. Both
tables express an excerpt from the turnover change and change in employment tables. Full
versions of both Table 12 and Table 13, can be found in Appendix A under Table 17 and Table
19 respectively, while all sectoral multipliers including employment multipliers can be also
found in Appendix A under Table 20.

Table 12. Excerpt from turnover change in mil. CZK at €30 per EUA — Scenario Il.

(Source: EEA, CZSO, MZP, Calculations: Author)

Sector PMI I PRI IRI TII
National Economy -50603.1 | -96088.2  50603.1 91947.0 -4141.2
05 Mining of coal and 00 -29156| 4746 9800 -1935.7
lignite

06 Extraction of crude

petroleum and natural 0.0 -49709| 10242 1910.2 -3060.7
gas

17 Manufacture of paper 3462 | 6254 | 67949 83642 77388
and paper products

19 Manufacture of coke 8332 -1497.3 00 7913 -706.0
and refined petroleum

20 Manufacture of 8292 | -18505 | 1639.1| 28929 10424
chemicals

23 Other non-metallic 37804 -46548 4627 8918 -3763.0
mineral products

24 Manufacture of basic .41837| -56380| 21851 45704 | -1067.7
metals

35 Electricity, gas, steam | 05091 | 503040 | 37724 64971 -43806.9
and air conditioning

36 Water collection, 0.0 3059 60633 | 69464 66405
treatment and supply

37-39 Sewerage. \Waste 0.0 6031 122188 146925 14 089.4
collection, water treatment

51 Air transport -371.3 -418.5 53.6 86.4 -332.1
84 Public administration

- d defence 0.0 -200.8 102835 109003 10699.5

(PMI — primary market impact, IMI — induced market impact, PRI — primary redistribution impact,
IRI — induced redistribution impact, TIl — total induced impact)

The net employment change for this scenario leads to an opening of 19 500 new jobs, which

comes from a loss of 14 000 and 32 000 jobs from PMI and IMI respectively.
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The loss is offset by an increased opening of new jobs of almost 31 000 and 52 000 from PRI
and IRI respectively. The final change in employment is composed mainly by an increase of
nearly 25 000 jobs in public administration, sewerage treatment and water collection, along
with a loss of around 12 000 jobs primarily in power and heat generation sector.

Similarly, to the first scenario the electricity, gas, steam and air conditioning sector is the most
severely impacted sector with a PMI of -40.3 bn CZK, resulting in an IMI of -50.3. On the
opposite side of the equation, we get a PRI of only 3.8 bn CZK, leading to an IRI of 6.5 bn
CZK. This totals to a TTI of -43.8 bn CZK. As for a change in employment, the net number
concludes in a loss of nearly 12 000 jobs, which is only moderately lessened by the
redistribution.

Table 13. Excerpt from change in employment at €30 per EUA — Scenario 1.
(Source: EEA, CZSO, MZP, Calculations: Author)

Sector PMI IMI PRI IRI TH
National Economy -14 303 | -32379 | 30754 | 51842 | 19462
05 Mining of coal and lignite 0 -760 124 255 -504
06 Extraction of crude petroleum and 0 55 108 202 323
natural gas

17 Manufacture of paper and paper 123 2999 2415 2973 | 2751

products

19 Manufacture of coke and refined 2999 411 0 217 194
petroleum

20 Manufacture of chemicals -235 -524 464 820 295
23 Other non-metallic mineral 1410 -1736 173 333 | -1403
products

24 Manufacture of basic metals -1289 | -1738 673 1409 -329
35 El_e(_:trl_mty, gas, steam and air 110739 | -13 419 1006 1733 -11
conditioning 686

36 Water collection, treatment and
supply

37-39 Sewerage. Waste collection,
water treatment

51 Air transport -278 -314 40 65 -249

0 -215 4 253 4872 | 4657

0 -450 9115 10961 | 10511

84 Public administration and defense 0 -194 9934 | 10530 | 10336

(PMI — primary market impact, IMI — induced market impact, PRI — primary redistribution impact,
IRI — induced redistribution impact, TIl — total induced impact)
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Only two sectors under the EU ETS achieve an increase in final turnover. These include the
heavily subsidized manufacture of paper and paper products with an IMI of -0.6 bn CZK and
an IRI of 8.4 bn CZK. And the manufacture of chemicals, which also gets its fair share of
governmental subsidy at an IMI of -0.8 and an IR1 of 2.9 bn CZK.

Besides, the two sectors others have also increased their turnover, however these are not subject
to emission trading, and thus the increase comes only from the redistribution factor. Such as

sewerage treatment, public administration and water collection sector.

Lastly, the mining of coal and lignite and the extraction of crude petroleum and natural gas
sectors do not have any initial PMI, however their IMI is identically large at -2.9 bn CZK and
-5.0 bn CZK respectively. Again, displaying the important role of the interindustry linkages.
The governmental redistribution lessens the market impacts by 1.0 bn CZK and 1.9 bn CZK
respectively in a form of IRI. The resulting values along with all other sectors feature in the

excerpt can be found in Table 12.
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6 1-O MODEL IN STEEL PRODUCTION
6.1. SECTOR SELECTION

In this final chapter of my thesis, | will be covering a more detailed impact analysis of a shock
change in the price of emission allowances on a selected sector. It is imperative that the chosen
sector must be covered by the EU ETS, therefore it has a PMI and is subject to emission
allowance submission and trading. It also must be an important sector within the national
economy, otherwise the primary impact and induced change will be insignificant. The relative
importance will be based on the number of verified emissions or free allocation and their
relation to the overall amount. Last but not least, the chosen sector must be a producer or
a provider of a very homogenous product or service. The last criterion is very relative in its
definition, however in order to relate general sectoral results to a more detailed sector definition
or to individual installations, the accessed sector must show a certain amount of homogeneity.
Either in the product or service itself or the processes that lead to the creation of the set product

or service.

= 35 - Electricity, gas, steam, and air conditioning = 24 - Manufacture of basic metals
= 23 - Other non-metallic mineral products = 19 - Manufacture of coke and refined petroleum
20 - Manufacture of chemicals = 51 - Air transport

= 17 - Manufacture of paper and paper products

Figure 7. Proportion of verified emissions in the Czech Republic in 2017. (Source: EEA)
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The first criterion rules out sectors not covered by the emission trading scheme. Only the
following industrial sector remain: electricity, gas, steam, and air conditioning, manufacture of
basic metals, other non-metallic mineral products, manufacture of coke and refined petroleum,
manufacture of chemicals, air transport, and manufacture of paper and paper products. A
comparison of these sectors based on a proportion of total verified emission in the Czech
Republic is displayed in Figure 7. Similarly, a comparison founded on free allocation approach
can be observed in Figure 8. The latter figure shows a proportion of total free allocation within
the Czech Republic.

= 35 - Electricity, gas, steam, and air conditioning = 24 - Manufacture of basic metals
= 23 - Other non-metallic mineral products = 19 - Manufacture of coke and refined petroleum
20 - Manufacture of chemicals = 51 - Air transport

= 17 - Manufacture of paper and paper products

Figure 8. Proportion of free allocation in the Czech Republic in 2017. (Source: EEA)

Both figures show the clear dominance of electricity, gas, steam, and air conditioning sector,
with the former showing a whopping 79% of all verified emissions and the latter totaling nearly
53% of the total amount of free allocation. Manufacture of basic metals comes in second with
8% of the total verified emissions and 26% of the total free allocation. The last industrial sector
that is among the very important ones is other non-metallic mineral products, which accounts

for nearly 7% of the total verified emissions and about 14% of the overall free allocation.
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The last criterion dictates, that the selected sector must be a producer of a very homogenous
product or service. Unfortunately, this is not the case of the NACE power sector, which acts
primarily as an aggregated sector for electricity and heat production, plus a handful of other
small installations. The classification used by NACE makes this sector rather heterogeneous
and thus not enabling the use of results obtained through 1-O modeling to be used to access
a more detailed impact analysis in the sector itself. This does not mean that the results are
incorrect, but for this specific sector, they can only be used at the national economy level or
sectoral level. Going into further detail would require a different approach that would allow for
such vastly diverse environment, which is due to the use of varying technologies to generate
electricity such as lignite, hard coal, natural gas, gasoline, biomass, etc. The heat generation is

achieved through very similar measures i.e. combustion of fossil fuels.

The next feasible industrial sector is basic metals, which embodies a much smaller portion of
verified emissions, but based on free allocation it is still very important in the national
economy. Also, the processes used in manufacturing basic metals are much more homogenous
than in the power industry. For the aforementioned reasons, | will assess a more detailed impact
analysis in this sector.

6.2. CRUDE STEEL PRODUCTION

The data provided by the EEA allow for a breakdown of the basic metals sector into three
subsectors. Namely: production of pig iron or steel, production or processing of ferrous metals,

and production of secondary aluminum.

m 24 Production of pig iron or steel

m 25 Production or processing of
ferrous metals

m 27 Production of secondary
aluminium

Figure 9. Proportion of verified emissions in Manufacture of basic metals sector. (Source: EEA)

In order to satisfy the homogeneity criterion, | will further narrow the selected sector down to
the production of crude steel, which makes up almost all verified emissions of basic metals

sector as shown in Figure 9.
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In short, there are two main ways of producing crude steel. Either from iron ore or from scrap
metal. The former is melted in a blast furnace producing pig iron, which in turn is processed in
blast oxygen furnaces, where crude steel is formed. The latter undergoes a similar process in
electric arc furnaces. Generally, both methods could use either iron ore or scrap metal as their
main resource for crude steel production, however individual installations are designed with
a specific input in mind. Furthermore, the blast oxygen furnaces are generally much higher
producers of carbon emissions. And since the Czech Republic is not a coastal nation, it relies
heavily on primary crude steel production with over 90% of production coming from the blast
oxygen furnaces, while the EU average is around 60%. The proportion between blast oxygen
furnaces and electric arc furnaces greatly differs based on maritime availability. Countries such
as Portugal and Greece have only electric arc furnaces, whereas landlocked countries operate
mostly blast oxygen furnaces [83][84].

The crude steel production sector is among the major industrial polluters and accounts for up
to 7% of total anthropogenic carbon emission worldwide [85]. In the EU ETS, the production
of crude steel is included in the sectors with a high risk of carbon leakage. Several past studies
showed an expected carbon leakage i.e. net import of crude steel at 5% to 20% level [84][86].
This fact had been partially addressed in all phases of emission trading and had often resulted
in gross over-allocation. Assuming full elasticity of substitution and no new import tariffs then,
the current models show that at €12 per allowance the blast oxygen furnaces stop being
profitable and the same can be assumed about the electric arc furnaces at around €20 per

emission allowance if the full auctioning scenario is in place [84].

6.3. I-O MODEL SECTORAL RESULTS

In the first modeled scenario the primary impact caused by a sudden shock change in emission
allowance price causes a significant increase in capital in the crude steel industry. This due to
major over-allocation of emission allowances given to this sector. The data suggest that in 2017
the manufacturing of crude steel industry was given 152% of free allowances compared to the
amount of verified emission; thus anything above 100% is basically a form of incentive for the
industry and aims to improve operational efficiency and mitigate carbon leakage to countries
like China. The PMI ranges from 0.7 bn CZK at €10 per EUA to 3.4 bn CZK at €50 per EUA.
The positive number implies that the sector capital is boosted and as the capital grows so does
the ability of this sector to increase its turnover. This is the only case where the PMI along with

IMI is positive, and thus each increase in EUA price drives the sectoral turnover up.
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Looking at the induced factors, we can see a slight dip in turnover caused by the secondary
relationships between industries. The IMI is still positive at 0.6 bn CZK to 3.0 bn CZK, while
the governmental redistribution adds even more capital with PRI ranging from 0.4 bn CZK up
to 1.9 bn CZK and the consequent IRI of 0.8 bn CZK to almost 4.0 bn CZK.

The sum of both inducing factors leads to an increase in turnover ranging from 1.4 bn CZK to
nearly 7 bn CZK. Similarly, the number of new jobs opened varies between 430 up to 2 148
based on the EUA price, while the largest increase could be attributed to the IRI. The number
of new jobs is not as predominant as in some other heavily subsidized industries because of the
rather lesser employment multiplier of only 0.3082, while the national economy gross average

is around 0.5907 with some industries having greater than 1.000.

The following Table 14 depicts the aforementioned EUA pricing scenarios and its impact on
turnover and employment in the crude steel manufacturing sector with BAU allocation process.

Table 14. Impact in crude steel production at varying EUA prices - Scenario I.
(Source: EEA, CZSO, MZP, Calculations: Author)

EUA price €10 €20 €30 €40 €50

Turnover — IMI 598.5| 1196.9 | 17954 | 2393.9 | 29923
Turnover — PRI 380.3 | 760.6  1140.9 1521.2 1901.6
Turnover — IRI 7955 | 15909 | 2386.4| 3181.8|3977.3
Turnover — Tl 13939 | 2787.9 41818 5575.7 | 6969.6
Employment — PMI 212 425 637 849 | 1061
Employment — IMI 184 369 553 738 922
Employment — PRI 117 234 352 469 586
Employment — IRI 245 490 735 981 | 1226
Employment - TII 430 859 1289 1718 | 2148

(PMI — primary market impact, IMI — induced market impact, PRI — primary redistribution impact,
IRI — induced redistribution impact, TIl — total induced impact)

The BAU scenario clearly demonstrates how much capital is allocated to this sector in the form
of subsidies and incentives. This is shown both in the amount of free allocation, which plays
a key role as an ecological incentive and as a measure to prevent carbon leakage, but also in
the increased governmental expenditure within this sector, which demonstrates capital and non-
capital subsidies. The model results show that the existing environmental policy largely favors

this sector, more than doubling its market effects.
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The modeled results based on the FA scenario suggest very different outcomes. Mainly, the
amount of free allocation is switched from 152% to 0%, which drastically reduces the capital

increase in fact, it leads to an immense decrease in capital.

Table 15. Impact in crude steel production at varying EUA prices - Scenario Il.
(Source: EEA, CZSO, MZP, Calculations: Author)

EUA price €10 €20 €30 €40 €50

Turnover — PMI -1394.6 -2789.2 -4183.7 -5578.3 | -6972.9
Turnover — IMI -1879.3 | -3758.7 | -5638.0 | -7517.4 | -9396.7
Turnover — PRI 7284 1456.7| 21851 29135 36418
Turnover — IRI 15235 | 30469 | 45704 6093.8| 7617.3
Turnover - TII -355.9 | -711.8 | -1067.7 -1423.6 -1779.5
Employment — PMI -430 -860 | -1289 -1719| -2149
Employment — IMI -579 | -1158| -1738 | -2317 | -2896
Employment — PRI 224 449 673 898 1122
Employment — IRI 470 939 1409 1878 2348
Employment - TII -110 -219 -329 -439 -548

(PMI — primary market impact, IMI — induced market impact, PRI — primary redistribution impact,
IRI — induced redistribution impact, TIl — total induced impact)

The PMI now ranges from -1.4bn CZK to -7.0 bn CZK, while the IMI is further decreased to
about -1.9 bn CZK to -9.4 bn CZK. The induced change in turnover is noticeably higher than
the primary impact, suggesting that the secondary impact also plays a significant role in this
sector. The direct output multiplier is 1.1377, while the indirect and the total is 0.4631 and
1.6009 respectively. The governmental redistribution leads to a PRI of 0.7 bn CZK all the way
to 3.6 bn CZK, whereas its induced effects displayed in a form of an IRI range from
1.5 bn CZK to 7.6 bn CZK. With governmental expenditure accounted for, the TII on turnover
change begins at -0.4 bn CZK and tops at -1.8 bn CZK. Since this scenario results in a decrease
in turnover it inevitably leads to a loss of jobs. Without the governmental expenditure, the loss
of jobs would be drastic topping at almost 3 000 jobs, however with the governmental
expenditure included the amount of jobs lost is lessened to only about 19% of its initial impact

value.
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6.4. IMPACT ANALYSIS DISCUSSION

The two modeled scenarios with one based on BAU allocation approach and the other on FA,
show a stark contrast in both output and employment results. However, they still share
similarities in form governmental capital and non-capital expenditure, which lessens the

induced impact quite significantly.

There is a staggering difference of 8.8 bn CZK between the final induced change in turnover
with governmental expenditure included between the two scenarios at €50, however it is highly
unlikely that the EUA price will tackle this price point anytime soon. In a more realistic case,
I would assume the EUA price between €20 to €30, which corresponds better with the current
EUA price as shown in Chapter Three. Under these conditions, the difference between the final

induced change in turnover ranges from 3.5 bn to 5.3bn CZK.

As the 1-O model results show the maximum case scenario these differences cannot be
necessarily viewed as the total of direct and indirect subsidies and incentives, because when
a shock change in emission allowance price occurs, the national economy reacts. The industries
that are directly struck by this shock change would try to react promptly, while industries
affected by the secondary impacts and the government would react less promptly. All in all,
the governmental environmental policy would change and thus a new equilibrium would be

achieved.

Finally, the FA scenario outlines the necessary changes that will have to be addressed in the
near future if the manufacturing of crude steel as an industry is to remain in the Czech Republic
and retain the amount of production as of today. If no policies are changed and free allocation
is phased out, this sector will suffer major problems, potentially crippling the whole sector and

thus inducing a decrease in turnover in other neighboring industries.
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7 CONCLUSION

This thesis aimed to fill the knowledge gap between the past studies and the newly formed
settings for the functioning of the EU ETS. The past studies often used regression analysis and
tried to predict EUA price based on other commodities used in power management. However,
their results were never able to explain the dramatic increase in EUA price in the last year. This
fact acted as a great premise in order to the evaluate impacts of the set price change on the
national economy of the Czech Republic and its sectoral effects on both turnover and

employment.

Firstly, I have evaluated significant changes made in EU ETS functioning throughout Chapter
Two analysis and discussion parts, while touching on the most important aspects such as the
economic recession in 2008/2009, which caused about 90% of all carbon emission reduction
achieved in the EU. The third phase introduced several new features, where the MSR stood out
the most. In less than a year since its introduction, the EUA price rose from €8 to €22, with
a notable contribution caused by the MSR, but the origins of this increase were not a topic of

this thesis, so the proportion of the MSR contribution remains unclear.

Secondly, based on criteria such as clarity, complexity and others, | have selected the
symmetrical 1-O table methodology in order to access the impacts of a shock price change
emission allowances. The 1-O modeling proved to be a very elegant and simple, yet powerful

tool, which allowed for the interindustry contribution analysis to the total induced change.

Thirdly, I proposed two model scenarios each based on a different approach of free allocation
of emission allowances. Scenario | was founded on BAU approach, which is closely related to
the current practices within the EU ETS, while Scenario Il introduced a full auctioning
approach, which should be in compliance with the final vision of the 2050 EU carbon

neutrality.

The total induced change in turnover for both scenarios is fairly similar at around -4.0 bn CZK,
albeit the doubled pool of emission allowances traded, which shows the importance of not only
the primary market effects at -26.4 bn CZK and -50.6 bn CZK respectively with the same totals
for primary redistribution effects as need for fiscally neutral scenarios, but also the secondary
interindustry effects. These induced impacts accrued a total of -52.0 bn CZK by market
induction and 48.0 bn CZK by redistribution induction. Similarly, in the second scenario, the
market induction is at -96.0 bn CZK and the redistribution induction is at 91.9 bn CZK. All

these values were calculated at €30 per EUA.
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The same cannot be said about the total induced change in employment, which follows the
emission pool doubling far more significantly. The first scenario shows an increase in total jobs
of around 10 000, while the second scenario depicts an even larger increase at almost 20 000
new jobs. As employment changes in both scenarios follow the same pattern these conclusions
can be drawn, albeit with an almost doubled impact in the second scenario. First, jobs are
primarily lost in sectors levied by the EU ETS, followed closely by sectors that purchase inputs
or sell their outputs to the primary sectors. Second, jobs are created in few sectors that the
national environmental policy favors, these include water and sewage treatment and supply and

public administration, which account nearly for all new jobs created.

Lastly, grounded on information provided throughout Chapter Six, | have decided to evaluate
the manufacturing of crude steel industry as it is an important sector within the national
economy, while also being among significant atmospheric polluters. Additionally, the crude
steel production sector shows a high risk of carbon leakage and thus was given up to 152% of
free allowances. This last aspect plays a key role in showing the difference between the two
modeled scenarios, while the former having a very positive impact on this sector at 4.2 bn CZK
and the latter at -1.1 bn CZK. The difference between the two values shows at least partially
the number of subsidies and incentives given to this sector, because if full auctioning at €30
per EUA was in place and no incentives were given, the total induced change in turnover would

result in a whopping -5.6 bn CZK and would also lead to a significant loss in jobs.

In conclusion, the EU ETS has structured itself as a working mechanism in the EU climate
policy, while based on market data the inclusion of the MSR showed the largest contribution
to the overall functioning of the carbon market. The primary market effects on the national
turnover are significant, however they are combated by the primary redistribution effects. The
same cannot be said for the induced market and redistribution impacts, which in both modeled
scenarios showed a moderated impact when summed up. Moreover, the induced effects show
a stronger impact on employment redistribution, where many industrial jobs are lost, and new
less productive jobs are created (i.e. in public administration), because of the inherit differences

between sectoral employment multipliers.

The results for the crude steel sector demonstrate the stark difference between the free
allowance allocation approach, with the BAU approach leading to a large increase in both

turnover and employment, while the FA approach resulting in a moderate decrease.
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The results obtained show that the national environmental policy must be changed accordingly
with the increased price in EUA and must be flexible enough to facilitate future changes if the

amount of surplus of EUA suddenly drops because the MSR voids them.

Furthermore, the present environmental policy was designed during a period of stagnation,
where the price of EUA hovered at around €6 and thus a lump sum was calculated each year
based on the set price and the amount of traded allowances. This lump sum could increase up
to five times in the next year and could potentially keep increasing in the consequent years
because more and more EUAs will be auctioned off. The governmental redistribution should
shift more funds to the most heavily impacted sectors such as electricity and heat production

to combat employment loss and reduce its spending in less productive sectors.

To end, there are several research areas that | wish | could have tackled in this thesis, but the
format and size did not allow me for it. First, the future implications caused by the new
functioning of the MSR, especially voiding of surplus allowance, which could happen as soon
as 2023. Second, the amounts of free allocation given on a year-over-year basis to weaker
economies and its impact based on Article 10c and what would happen if a Member State
would suddenly become illegible under the set article. Third, what are the implications of
including more if not all commercial subjects and possibly even non-commercial sectors in

carbon trading.
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APPENDIX A

APPENDIX A: FULL 1I-O MODEL RESULTS

The following tables are present in this appendix:

Table No. Description Sources
16 Turnover change in mil. CZK at €30 per EUA — Scenario I. EEA, CZSO,
MZP, Author
17 Turnover change in mil. CZK at €30 per EUA — Scenario II. EEA, CZSO,
MZP, Author
18 Change in employment at €30 per EUA — Scenario |. EEA, CZSO,
MZP, Author
19 Change in employment at €30 per EUA — Scenario I1. EEA, CZSO,
MZP, Author
20 Sectoral direct, indirect, and total output and employment CZSO,
multipliers. Author
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Table 16. Turnover change in mil. CZK at €30 per EUA — Scenario I.
(Source: EEA, CZSO, MZP; Calculations: Author)

Sector PMI IMI PRI IRI TII
National Economy -26422.0  -51968.9 26422.0 48009.4 -3959.5
01 Agriculture 0.0 -344.6 105.7 350.1 5.5
02 Forestry and logging 0.0 -61.2 27.0 233.4 172.1
03 Fishing ana 0.0 06 1.4 2.1 15
aquaculture

?.5 Mining of coal and 00 -18586 2478 5117 -1346.9
ignite

06 Extraction of crude

petroleum and natural 0.0 -3144.4 534.8 997.4 -2 147.0
gas

07 Mining of metal ores 0.0 56.7 64.5 160.0 216.8
08 Other mining and 0.0 -30.4 881 | 1653 134.9
quarrying

09 Mining support service 0.0 -88.4 18.2 40.9 475
activities

10 Manufacture of food 0.0 1454 | 3007 5138 368.4
products

11 Manufacture of 0.0 125| 1136 1453 132.8
beverages

12 Manufacture of tobacco 0.0 6.6 0.0 9.0 24
products

13 Manufacture of textiles 0.0 -28.1 105.7 171.6 1435
14 Manufacture of 0.0 -169.7 42| 1285 413

wearing apparel

15 Manufacture of leather 0.0 15.8 18 28.9 131
and related products

16 Manufacture of wood 0.0 -132.8 38.8 336.4 203.6
17 Manufacture of paper 995  -227.1 35479 43673 41402
and paper products

18 Printing and

reproduction of recorded 0.0 -56.1 39.4 209.8 153.8
media

19 Manufacture of coke

and refined petroleum -57.8 -393.8 0.0 413.2 194
20 Manufacture of 2137 -662.5 855.8 | 1510.5 848.0

chemicals
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21 Manufacture of basic

: 0.0 -16.3 39.1 79.0 62.7
pharmaceutical products

22 Manufacture of rubber 0.0 198.8| 1745 5618 362.9
and plastic products

23 Other non-metallic 482.0 6892 2416  465.6  -223.6
mineral products

24 Manufacture of basic 20664 17954 11409 23864 41818
metals

25 Manufacture of

abricated retal producs 0.0 2661 2539 8154 549.4
26 Manufacture of 0.0 643.1 592 4842 |  -158.9
Computer, electronics

21 Manufacture of 0.0 0077 1249 5536  -354.1
electrical equipment

28 Manufacture of 0.0 7387 | 1882  674.0 64.7
machinery and equipment

29 Manufacture of motor 0.0 3613 5370 13277 966.4
vehicles, trailers

30 Manufacture of other 0.0 855 813 1526 67.0
transport equipment

31 Manufacture of 0.0 2209 19.1 46.8 25.9
furniture

32 Other manufacturing 0.0 -28.7 28.4 65.8 37.1
33 Repair and installation 00 5708 251 2584  -3124
of machinery

35 Electricity, gas, steam | ,; /01 | 340817 | 10607 33924 -30689.3
and air conditioning

36 Water collection, 0.0 1930 31659 36270 34340
treatment and supply

37-39 Sewerage. \Waste 0.0 1727 63799 | 76715 74988
collection, water treatment

41 Construction of 0.0 -79.0 00 1044 25.4
buildings

42 Civil engineering 0.0 -307.6 0.0 278.1 -29.6
43 Specialized 0.0 -752.0 00 8034 51.4
construction activities

45 Wholesale and retail 0.0 -265.1 00| 3781 113.0
trade motor vehicles

46+47 \Wholesale trade 0.0 -1211.7 0.0 1569.2 357.6
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49 Land transport and

LA 0.0 -586.2 259.6 784.5 198.2
transport via pipelines
50 Water transport 0.0 -3.0 2.1 7.0 4.0
51 Air transport -90.2 -109.6 28.0 45.1 -64.5
&8 U RENeUS 1) el 00  -4251 2081 6689 2437
transportation
53 Postal and courier 00  -157.7 203| 2009 52.2
activities
55 Accommaodation 0.0 -28.1 0.0 55.0 26.9
56 Food and beverage 0.0 79.1 0.0 79.3 0.2
service activities
58 Publishing activities 0.0 -19.5 0.1 22.5 3.0
59 Film, TV, music and 0.0 41 0.1 6.6 25
sound production
60 Programming and 0.0 41 0.1 6.1 2.0
broadcasting activities
61 Telecommunications 0.0 -206.1 0.3 270.1 64.0
62 Computer
programming, 0.0 -167.5 04 163.2 -4.3
consultancy
63 Information service 0.0 56.9 01 694 12.6
activities
&4 A EY SEES 00  -670.8 00 5621  -108.7
activities
65 Insurance, reinsurance 00 1017 00 97.3 44
and pension funding
_66 Auxiliary flpanmal and 0.0 549 0.0 53.7 05
insurance services
68 Real estate activities 0.0 -473.1 0.0 869.7 396.5
S Bl e 00  -2059 00 2124 6.4
activities
70 Activities of head and 00  -189.3 00| 1773 120
management offices
71 Architectural and
engineering activities 0.0 -236.9 0.0 369.5 132.6
72 Scientific research and 0.0 -68.7 00 63.8 49
development
73 Advertising and market 0.0 1441 0.0 166.9 228

research
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74 Other professional,

scientific and technical 0.0 -1435 0.0 481.5 338.0
75 Veterinary activities 0.0 55 0.0 5.8 0.4
/7 Rental and leasing 0.0 02.1 00 1192 27.1
activities

78 Employment activities 0.0 -19.0 0.0 21.7 8.7
79 Travel agency, tour 0.0 46,7 0.0 36.3 1103
operator

80 Securityand 0.0 -163.0 0.0 67.8 -95.2
investigation activities

81 Services to buildings 00  -1075 00 1553 47.7
and landscape activities

82 Office administrative, 0.0 54.6 00 2715 2169
office support

84 Public administration 0.0 964 | 53694 56915 5595.1
and defense

85 Education 0.0 -60.4 0.0 84.5 24.1
86 Human health 0.0 127 0.0 21.0 8.3
activities

87 Residential care 0.0 1.0 0.0 7.6 6.6
activities

88 Social work activities 0.0 -0.9 0.0 2.3 1.4
UL G T 0.0 35 0.0 73 3.8
entertainment activities

91 Libraries, archives, 0.0 0.8 0.0 19 0.4
museums

92 Gambling and betting 0.0 0.7 0.0 1.9 11
activities

93 Sports activities, 0.0 8.9 00 261 17.2
amusement and recreation

94 Activities of

membership 0.0 -7.9 0.0 134 55
organizations

95 Repair personal and 0.0 :30.2 0.0 275 2.7
household goods

96+ Other 0.0 5.1 0.0 9.0 3.9

(PMI — primary market impact, IMI — induced market impact, PRI — primary redistribution impact,
IRI — induced redistribution impact, TIl — total induced impact)
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Table 17. Turnover change in mil. CZK at €30 per EUA — Scenario II.
(Source: EEA, CZSO, MZP, Calculations: Author)

Sector PMI IMI PRI IRI TH
National Economy -50603.1 | -96088.2 | 50603.1  91947.0 -4141.2
01 Agriculture 0.0 -535.8 202.4 670.5 134.7
02 Forestry and logging 0.0 -132.0 51.6 446.9 314.9
03 Fishing and aquaculture 0.0 -1.0 2.7 4.0 3.0
U [T off GEEL i 00 29156 4746 9800 -1935.7
lignite

06 Extraction of crude 00 -49709 10242 19102 -3060.7
petroleum and natural gas

07 Mining of metal ores 0.0 -198.4 123.5 306.5 108.0
08 Other mining and 00  -1460 1688 3165 1705
quarrying

L8 Lo LTI S B SRS 00  -146.0 34.9 784 676
activities

10 Manufacture of food 00| 2616 5760 9840 7224
products

11 Manufacture of 0.0 225 2176 2783 2559
beverages

12 Manufacture of tobacco 0.0 129 0.0 179 44
products

13 Manufacture of textiles 0.0 -56.0 202.5 328.6 272.6
14 Manufacture of wearing 0.0 2675 8.0 2460 214
apparel

15 Manufacture of leather 0.0 .30.8 35 553 245
and related products

16 Manufacture of wood 0.0 -329.3 74.3 644.3 315.0
17 Manufacture of paper 3462 6254 67949 83642 77388
and paper products

18 Printing and

reproduction of recorded 0.0 -109.3 75.5 401.8 292.5
media

19 Manufacture of coke and

refined petroleum -833.2 -1497.3 0.0 791.3 -706.0
20 Manufacture of 8292 -1850.5 16391 28929 1042.4
chemicals

21 Manufacture of basic 0.0 311 748 1512 1201

pharmaceutical products
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22 Manufacture of rubber

. 0.0 4175 3341 10759 6584
and plastic products

23 Other non-metallic 37804  -46548  462.7|  891.8 -3763.0
mineral products

24 Manufacture of basic 41837 -56380| 21851| 45704 | -1067.7
metals

25 Manufacture of

tabricated metal products 0.0 -892.9 4863 | 15617  668.9
26 Manufacture of 00 -10333| 1133 9273 | -106.0
Computer, electronics

27 Manufacture of 00 -14256 2393 10603  -3653
electrical equipment

28 Manufacture of 00 -13215| 3605 12908| -30.7
machinery and equipment

29 Manufacture of motor 0.0 7559 10284 25427 17869
vehicles, trailers

30 Manufacture of other 0.0 1504 | 1557 | 2922 | 1418
transport equipment

31 Manufacture of 0.0 384 36.6 89.7 51.3
furniture

32 Other manufacturing 0.0 -61.0 54.4 126.0 65.0
33 Repair and installation 00 9125 480 4948  -417.6
of machinery

35 Electricity, gas, steam 402591 -50304.0 | 37724 | 6497.1 | -43806.9
and air conditioning

36 Water collection, 0.0 3059 60633 69464 66405
treatment and supply

37-39 Sewerage. \Waste 0.0 603.1 | 122188 | 146925 14 089.4
collection, water treatment

41 Construction of 0.0 1133.0 00 2000 67.1
buildings

42 Civil engineering 0.0 -494.2 0.0 532.5 38.4
43 Specialized construction 00  -12010 00 15387 3377
activities

45 Wholesale and retail 00  -479.1 00| 7241 2450
trade motor vehicles

46+47 \Wholesale trade 0.0 -2 345.7 0.0 30054 659.7
49 Land transport and 00 -10973| 4971 | 1502.4| 4051
transport via pipelines

50 Water transport 0.0 -7.2 4.0 13.4 6.2
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51 Air transport -371.3 -418.5 53.6 86.4 -332.1
52 Warehousing for

transportation 0.0 -921.8 398.6 1281.0 359.2
53 Postal and courier 00|  -2472 56.2 | 4019 | 1548
activities

55 Accommodation 0.0 -49.3 0.0 105.4 56.1
56 Food and beverage 0.0 -137.0 00| 1519 14.8
service activities

58 Publishing activities 0.0 -35.1 0.3 43.1 8.0
59 Film, TV, music and 0.0 75 0.1 12.6 5.1
sound production

60 Programming and 0.0 77 0.1 11.8 4.0
broadcasting activities

61 Telecommunications 0.0 -332.9 0.6 517.2 184.3
62 Computer 0.0 -280.4 08| 3126 32.2
programming, consultancy

63 Information service 0.0 -96.1 02 1330 36.9
activities

64 Financial service 00  -1104.0 00 10766  -274
activities

65 Insurance, reinsurance 0.0 -171.8 00 1864 14.6
and pension funding

_66 Auxiliary flpanmal and 0.0 -93.6 0.0 102.8 9.2
insurance services

68 Real estate activities 0.0 -793.5 0.0 1 665.6 872.1
69 Legal and accounting 00  -3533 00 4068 53.5
activities

70 Activities of head and 00  -3216 00 3396 18.0
management offices

71 Architectural and 00  -396.3 00 7076 3113
engineering activities

72 Scientific research and 0.0 1185 0.0 1993 38
development

73 Advertising and market

research 0.0 -253.5 0.0 319.6 66.0
74 Other professional, 00  -2582 00| 9222 6640
scientific and technical

75 Veterinary activities 0.0 -8.7 0.0 11.1 24
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77 Rental and leasing

R 0.0 -174.8 0.0 228.3 534
activities
78 Employment activities 0.0 -43.6 0.0 53.1 95
79 Travel agency, tour 0.0 -80.7 0.0 6906 -11.2
operator
80 Securityand 0.0 2555 00 1299  -1256
investigation activities
81 Services to buildings and 00|  -1836 00 2073 1137
landscape activities
<72 e eI B 00  -1005 00 5199 4194
office support
84 Public administration 0.0 -200.8 | 102835 10900.3 | 10699.5
and defense
85 Education 0.0 -99.2 0.0 161.8 62.6
86 Human health activities 0.0 -23.3 0.0 40.2 16.9
87 Residential care 0.0 21 0.0 14.6 125
activities
88 Social work activities 0.0 -1.6 0.0 4.3 2.8
90 Creative, arts and 0.0 6.1 0.0 13.9 7.9
entertainment activities
91 Libraries, archives, 0.0 14 0.0 24 09
museums
92 Gambling and betting 0.0 13 0.0 35 2.3
activities
93 Sports activities, _ 00 -16.1 0.0 50.0 34.0
amusement and recreation
94 Act_|V|t_|es of membership 0.0 138 0.0 258 119
organizations
95 Repair personal and 0.0 548 00 527 21
household goods
96+ Other 0.0 -10.3 0.0 17.2 7.0

(PMI — primary market impact, IMI — induced market impact, PRI — primary redistribution impact,
IRI — induced redistribution impact, TII — total induced impact)
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Table 18. Change in employment at €30 per EUA — Scenario I.

(Source: EEA, CZSO, MZP, Calculations: Author)

Sector PMI IMI PRI IRI TH
National Economy -7070 | -16986 | 16058 | 27069 | 10083
01 Agriculture 0 -187 57 190 3
02 Forestry and logging 0 -32 14 121 90
03 Fishing and aquaculture 0 0 1 1 1
05 Mining of coal and lignite 0 -484 65 133 -351
06 Extraction of crude petroleum and 0 -332 56 105 997
natural gas

07 Mining of metal ores 0 9 10 26 35
08 Other mining and quarrying 0 -11 31 58 48
09 Mining support service activities 0 -30 6 14 -16
10 Manufacture of food products 0 -62 128 219 157
11 Manufacture of beverages 0 -5 47 60 55
12 Manufacture of tobacco products 0 -2 0 2 1
13 Manufacture of textiles 0 -10 36 58 49
14 Manufacture of wearing apparel 0 -39 1 29 -9
15 Manufacture of leather and related 0 3 0 5 3
products

16 Manufacture of wood 0 -61 18 154 93
17 Manufacture of paper and paper .35 81 1961 1550 1472
products

18 Printing an_d reproduction of 0 95 18 95 20
recorded media

19 Manufacture of coke and refined 16 -108 0 113 5
petroleum

20 Manufacture of chemicals -61 -188 242 428 240
21 Manufact_ure of basic 0 - 10 20 16
pharmaceutical products

22 Manufacture of rubber and plastic 0 67 58 188 199
products

23 Other non-metallic mineral -180 957 90 174 83
products

24 Manufacture of basic metals 637 553 352 735 | 1289
25 Manufacture of fabricated metal 0 .93 89 987 193

products
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26 Manufacture of computer,

: 0 -203 19 153 -50
electronics
27 Manufacture of electrical 0 297 41 181 116
equipment
28 Manufacture of machinery and 0 239 61 218 21

equipment

29 Manufacture of motor vehicles, 0 -150 299 550 400

trailers

30 Manufacture of other transport 0 98 27 51 99
equipment

31 Manufacture of furniture 0 -8 7 18 10
32 Other manufacturing 0 -9 9 20 11
33 Re_palr and installation of 0 2990 10 100 2120
machinery

35 Electricity, gas, steam and air

NP -7348 | -9092 525 905 | -8187
conditioning

36 Water collection, treatment and

0 -135 2220 2544 2 409
supply

37-39 Sewerage. Waste collection,

0 -129 | 4760| 5723 | 5594
water treatment

41 Construction of buildings 0 -54 0 71 17
42 Civil engineering 0 -213 0 193 -20
43 Specialized construction activities 0 -410 0 438 28
ﬁh\;\cllrézlesale and retail trade motor 0 211 0 301 90
46+47 Wholesale trade 0 -970 0 1 256 286
g?plgﬁggstransport and transport via 0 413 183 553 140
50 Water transport 0 -2 1 4 2
51 Air transport -68 -82 21 34 -48
52 Warehousing for transportation 0 -317 155 498 182
53 Postal and courier activities 0 -101 19 134 33
55 Accommaodation 0 -21 0 42 20
th:?/c;g(;lsand beverage service 0 62 0 62 0
58 Publishing activities 0 -9 0 10 1
g?oFd'LTt.grY music and sound 0 9 0 3 1
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60 I_Dr_o_grammmg and broadcasting 0 - 0 3 1
activities

61 Telecommunications 0 -95 0 124 29
62 Computer programming, 0 75 0 73 P
consultancy

63 Information service activities 0 -22 0 27 5
64 Financial service activities 0 -259 0 217 -42
65 In_surance, reinsurance and pension 0 51 0 49 9
funding

66 A_uxnlary financial and insurance 0 95 0 o5 0
services

68 Real estate activities 0 -143 0 263 120
69 Legal and accounting activities 0 -104 0 108 3
70 Activities of head and management 0 95 0 89 6
offices

71 Arc_hltectural and engineering 0 152 0 238 85
activities

72 Scientific research and 0 229 0 97 D
development

73 Advertising and market research 0 -110 0 128 17
74 Ot_her professional, scientific and 0 -100 0 335 935
technical

75 Veterinary activities 0 -3 0 3 0
77 Rental and leasing activities 0 -87 0 113 26
78 Employment activities 0 -25 0 36 11
79 Travel agency, tour operator 0 -80 0 62 -18
80 Security and investigation activities 0 -197 0 82 -115
81 _Se_rylces to buildings and landscape 0 133 0 192 59
activities

82 Office administrative, office support 0 -65 0 321 256
84 Public administration and defense 0 -93 5187 5498 | 5405
85 Education 0 -84 0 117 33
86 Human health activities 0 -15 0 25 10
87 Residential care activities 0 -1 0 9 8
88 Social work activities 0 -1 0 3 2
90 pre_atlve, arts and entertainment 0 3 0 5 3
activities
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91 Libraries, archives, museums 0 -1 0 1
92 Gambling and betting activities 0 -1 0 2
93 Sports activities, amusement and 0 -9 0 o5
recreation

94 Act.|V|t_|es of membership 0 7 0 12
organizations

95 Repair personal and household 0 24 0 21
goods

96+ Other 0 -4 0 6

(PMI — primary market impact, IMI — induced market impact, PRI — primary redistribution impact,
IRI — induced redistribution impact, TIl — total induced impact)
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Table 19. Change in employment at €30 per EUA — Scenario I1.

APPENDIX A

(Source: EEA, CZSO, MZP, Calculations: Author)

Sector PMI IMI PRI IRI TH
National Economy -14303 | -32379 | 30754 | 51842 19462
01 Agriculture 0 -290 110 363 73
02 Forestry and logging 0 -69 27 233 164
03 Fishing and aquaculture 0 0 1 2 1
05 Mining of coal and lignite 0 -760 124 255 -504
06 Extraction of crude petroleum 0 505 108 202 393
and natural gas

07 Mining of metal ores 0 -32 20 49 17
08 Other mining and quarrying 0 -52 60 112 60
09 Mining support service activities 0 -49 12 27 -23
10 Manufacture of food products 0 -111 245 419 307
11 Manufacture of beverages 0 -9 89 114 105
12 Manufacture of tobacco 0 3 0 4 1
products

13 Manufacture of textiles 0 -19 69 111 92
14 Manufacture of wearing apparel -61 2 56 -5
15 Manufacture of leather and 0 7 1 12 5
related products

16 Manufacture of wood 0 -150 34 294 144
17 Manufacture of paper and paper 123 2999 2415 2973 2751
products

18 Printing an_d reproduction of 0 50 34 182 133
recorded media

19 Manufacture of coke and refined 2999 411 0 917 194
petroleum

20 Manufacture of chemicals -235 -524 464 820 295
21 Manufacture of basic

pharmaceutical products s e = Sk =
22 M_anufacture of rubber and 0 2140 112 360 291
plastic products

23 Other non-metallic mineral 1410 -1736 173 333 -1 403
products

24 Manufacture of basic metals -1289 | -1738 673 1409 -329
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25 Manufacture of fabricated metal

0 -314 171 549 235
products
26 Manl_Jfacture of computer, 0 1326 36 292 33
electronics
27 Manufactu re of electrical 0 466 78 347 119
equipment
28 Manufacture of machinery and 0 428 117 418 10
equipment
29 _Manufacture of motor vehicles, 0 313 426 1053 740
trailers
30 I\_/Ianufactu re of other transport 0 50 59 97 47
equipment
31 Manufacture of furniture 0 -15 14 35 20
32 Other manufacturing 0 -18 16 38 19
33 Re_palr and installation of 0 352 19 191 161
machinery
35 Electricity, gas, steamand alr | 15739 13419 1006 1733 -11686
conditioning
36 Water collection, treatment and 0 215 4953 4872 4657
supply
37-39 Sewerage. Waste collection, 0 450 9115 | 10961 10511
water treatment
41 Construction of buildings 0 -90 0 135 45
42 Civil engineering -342 369 27
43 _Spe_mallzed construction 0 655 0 840 184
activities
45 Wholesale and retail trade motor 0 382 0 577 105
vehicles
46+47 Wholesale trade 0 -1877 0 2 405 528
49 La_md transport and transport via 0 773 350 1058 285
pipelines
50 Water transport 0 -4 2 8 4
51 Air transport -278 -314 40 65 -249
52 Warehousing for transportation 0 -687 297 954 268
53 Postal and courier activities 0 -158 36 257 99
55 Accommaodation 0 -37 0 80 42
56 Food and beverage service 0 107 0 118 12

activities
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58 Publishing activities 0 -15 0 19 4
59 F|Im,'TV, music and sound 0 4 0 5 9
production

60 I_Dr_o.grammlng and broadcasting 0 4 0 6 9
activities

61 Telecommunications 0 -153 0 238 85
62 Computer programming, 0 126 0 140 14
consultancy

63 Information service activities 0 -37 0 51 14
64 Financial service activities 0 -427 0 416 -11
65 In_surance: reinsurance and 0 .86 0 94 7
pension funding

66 A_uxmary financial and insurance 0 43 0 47 4
services

68 Real estate activities 0 -240 0 504 264
69 Legal and accounting activities 0 -179 0 206 27
70 Activities of h_ead and 0 162 0 171 9
management offices

71 A_rc_hltectural and engineering 0 955 0 456 200
activities

72 Scientific research and 0 50 0 59 5
development

73 Advertising and market 0 194 0 244 51
research

74 Ot_her professional, scientific and 0 -180 0 642 462
technical

75 Veterinary activities 0 -5 0 6 1
77 Rental and leasing activities 0 -166 0 216 51
78 Employment activities 0 -57 0 70 12
79 Travel agency, tour operator 0 -139 0 120 -19
80 _Se_cyrlty and investigation 0 -309 0 157 152
activities

81 Services to b_u_lldlngs and 0 997 0 368 141
landscape activities

82 Office administrative, office 0 119 0 615 496
support

84 Public administration and 0 194 9934 10530 10 336
defense
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85 Education 0 -137 0 224 87
86 Human health activities 0 -28 0 48 20
87 Residential care activities 0 -2 0 17 15
88 Social work activities 0 -2 0 5 3
90 Creative, arts and entertainment 0 5 0 11 5
activities

91 Libraries, archives, museums 0 -1 0 2 1
92 Gambling and betting activities -1 3 2
93 Spor_ts activities, amusement and 0 15 0 48 33
recreation

94 Act_|V|t_|es of membership 0 12 0 29 10
organizations

95 Repair personal and household 0 43 0 a1 P
goods

96+ Other 0 -7 0 12 5

(PMI — primary market impact, IMI — induced market impact, PRI — primary redistribution impact,
IRI — induced redistribution impact, TII — total induced impact)
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Table 20. Sectoral direct, indirect, and total output and employment multipliers.
(Source: CZSO0, Calculations: Author)

Sector (NACE) MO MO MO ME
(dir.) (ind.) (tot.) ©)

01 Agriculture 1.144 | 0.762 | 1.906 | 0.542
02 Forestry and logging 1.122 | 0.641 | 1.763  0.521
03 Fishing and aquaculture 1.000 | 0.570 | 1.570  0.435
05 Mining of coal and lignite 1.008 | 0.580 | 1.588 0.261
06 Extraction of crude petroleum and natural gas 1.000  0.001 | 1.002 0.106
07 Mining of metal ores 1.002 | 0.237 | 1.238  0.161
08 Other mining and quarrying 1.056 | 0.833 | 1.889 0.354
09 Mining support service activities 1.186 | 0.735| 1.921  0.339
10 Manufacture of food products 1.145  0.760 | 1.905 0.426
11 Manufacture of beverages 1.044 | 0.822 | 1.866 0.411
12 Manufacture of tobacco products 1.003 | 0.249 | 1.252 0.245
13 Manufacture of textiles 1.145 | 0.552 | 1.697 @ 0.339
14 Manufacture of wearing apparel 1.070 | 0.178 | 1.248 0.228
15 Manufacture of leather and related products 1.068 | 0.115| 1.183  0.217
16 Manufacture of wood 1.191  0.909  2.099 0.457
17 Manufacture of paper and paper products 1.191| 0578 | 1.769 | 0.355
18 Printing and reproduction of recorded media 1.253 ' 0.933 | 2.186 0.454
19 Manufacture of coke and refined petroleum 1.009 | 0.705| 1.714 | 0.274
20 Manufacture of chemicals 1141 0.352 | 1.493  0.283
21 Manufacture of basic pharmaceutical products 1.045| 0.274 | 1.318  0.257
22 Manufacture of rubber and plastic products 1.115 0.603 | 1.718 0.335
23 Other non-metallic mineral products 1.169 | 0.681 | 1.850  0.373
24 Manufacture of basic metals 1.138  0.463  1.601 0.308
25 Manufacture of fabricated metal products 1.203 | 0.588 | 1.790 0.351
26 Manufacture of computer, electronics 1.219  0.407  1.627  0.315
27 Manufacture of electrical equipment 1.081 | 0.629 | 1.710  0.327
28 Manufacture of machinery and equipment 1.032  0.627 | 1.659 0.324
29 Manufacture of motor vehicles, trailers 1.366 | 0.717 | 2.083 | 0.414
30 Manufacture of other transport equipment 1.074 | 0.662 | 1.735 0.332
31 Manufacture of furniture 1.047 | 0.886 | 1.933  0.392
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32 Other manufacturing 1.100 | 0.453 | 1.553  0.299
33 Repair and installation of machinery 1.047 | 0.843 | 1.890  0.385
35 Electricity, gas, steam and air conditioning 1.238 | 0.708 | 1.946 0.267
36 Water collection, treatment and supply 1.068 | 0.988 | 2.057 @ 0.701
37-39 Sewerage. Waste collection, water treatment 1.173 | 0.897 | 2.070 0.746
41 Construction of buildings 1.119 | 1.465| 2.584  0.677
42 Civil engineering 1.275 | 1.333 | 2.608 0.693
43 Specialized construction activities 1.297 | 0.817 | 2.114  0.546
45 Wholesale and retail trade motor vehicles 1.028  1.040  2.068 0.796
46+47 Wholesale trade 1.146 | 0.743 | 1.889 | 0.800
49 Land transport and transport via pipelines 1.089  0.931 | 2.020 0.704
50 Water transport 1.009 | 0541 | 1.551| 0.571
51 Air transport 1.058 | 1.028 | 2.086 0.749
52 Warehousing for transportation 1.275 | 0.822 | 2.097 | 0.745
53 Postal and courier activities 1.222 1 0509 1.732  0.640
55 Accommaodation 1.006 | 0.663 | 1.670  0.755
56 Food and beverage service activities 1.019  0.798 | 1.817  0.780
58 Publishing activities 1.034 | 0.654 | 1.688 | 0.440
59 Film, TV, music and sound production 1.265  0.579 | 1.843  0.488
60 Programming and broadcasting activities 1.207 | 0.686 | 1.894  0.493
61 Telecommunications 1.243 1 0548  1.791 0.459
62 Computer programming, consultancy 1.168 | 0.454 | 1.622 | 0.448
63 Information service activities 1.193  0.274 | 1.468 0.384
64 Financial service activities 1.094 | 0.522 | 1.616 | 0.387
65 Insurance, reinsurance and pension funding 1.120 | 0.970 | 2.090 0.502
66 Auxiliary financial and insurance services 1.434 | 0.584 | 2.018 | 0.458
68 Real estate activities 1.070  0.796 | 1.866 0.303
69 Legal and accounting activities 1.134 | 0.539 | 1.673  0.507
70 Activities of head and management offices 1.110  0.521 | 1.632  0.503
71 Architectural and engineering activities 1.195 | 0.977 | 2.172 | 0.644
72 Scientific research and development 1.012  0.395 | 1.407  0.425
73 Advertising and market research 1.528 | 0.931 | 2.459 | 0.765
74 Other professional, scientific and technical 1.179  1.163 | 2.343  0.696
75 Veterinary activities 1.001 | 0.908 | 1.909 | 0.542
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77 Rental and leasing activities 1.013 | 0.393 | 1.406 0.947
78 Employment activities 1.023 | 1.397 | 2.420 | 1.315
79 Travel agency, tour operator 1501 | 1.304 | 2.805 1.719
80 Security and investigation activities 1.160 | 0.774 | 1.934  1.209
81 Services to buildings and landscape activities 1.214 | 0.807 | 2.021  1.239
82 Office administrative, office support 1.167 | 0.843 | 2.011  1.182
84 Public administration and defense 1.018 0.498  1.516 0.966
85 Education 1.027 | 0.338 | 1.365 | 1.385
86 Human health activities 1.024 | 0.562 | 1585 1.186
87 Residential care activities 1.043 | 0.354 | 1.398  1.159
88 Social work activities 1.001  0.516 1518 1.140
90 Creative, arts and entertainment activities 1.101 | 0.745| 1.846  0.771
91 Libraries, archives, museums 1.000  0.585 | 1.585  0.660
92 Gambling and betting activities 1.234 | 0.716 | 1.950 0.819
93 Sports activities, amusement and recreation 1.307 | 0.939 | 2.245 0.963
94 Activities of membership organizations 1.087 | 0.766 | 1.853 | 0.858
95 Repair personal and household goods 1.034  0.712 | 1.746 0.780
96+ Other 1.036 | 0.457 | 1.493 | 0.707

(MO dir. —direct output multiplier, MO ind. — indirect output multiplier,

MO tot. — total output multiplier, ME — employment multiplier

106




APPENDIX B

APPENDIX B: EXTERNAL DATA SOURCES

The following documents are attached to this thesis:

File name Short description Size File type
CZSO_Employment Average number of employees
] 34 KB xlsx
according to NACE
CZSO_SIOoT Symmetrical Input-Output
126 KB xIsx
Tables by CZSO
EC NACE v2 Full NACE v2 revision by EC 42 KB xlsx
EEA EUA CZ Verified emissions and free
o 21 KB xIsx
allocation in the CZE
FB_Additional_Calculations Spreadsheet with additional
] ) 553 KB xlsx
and supporting calculations
FB_Input-Output_Calculations  Spreadsheet containing main
668 KB xIsx

I-O model computations
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