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Moving towards a More Sustainable World

Abstract

Reducing industrial greenhouse gas emissions is essential to fight climate change. In
addition, private consumption patterns have effects on emissions and the sustainable
use of natural resources. This thesis examines the effect of certain environmental
policies on Swedish industries and its greenhouse gas emissions, and also analyses
household consumption patterns of environmental goods.

The EU emission trading system (ETS) is a market-based instrument to reduce
greenhouse gas emissions. Its effectiveness is under constant scrutiny, in particular
since regulatory changes of the third phase are expected to have larger impacts on
carbon emissions. An empirical study is conducted to evaluate the effect of the
different phases of the EU emission trading system on firms’ carbon emissions and,
on their low-carbon innovation activity. Results indicate that low-carbon patenting
and environmental and air-related investments in firms regulated by the emission
trading system have increased over time, but emissions did not decrease. Swedish
firms regulated by the ETS showed better economic indicators during the first phase.

When the ETS was introduced, Sweden already had in place an energy policy
with the goal to increase renewable energy capacities. It is analysed whether the
combination of these two systems results in counterproductive price signals. The
results suggest that this is not the case.

Sustainable consumption patterns must complement sustainable production.
Therefore, the thesis also studies the relation of households’ green consumption and
behaviour patterns, and finds that households’ willingness to pay for environmental
goods in different domains tend to be complements whereas behaviours tend to be
substitutes.

Keywords: carbon emissions; EU emissions trading system; green certificates; low-
carbon innovation; policy evaluation; pro-environmental behaviour; renewable
energy

Author’s address: Sandra Schusser, Swedish University of Agricultural Sciences,
Department of Forest Economics, Umea, Sweden



Moving towards a More Sustainable World

Abstract

Att minska utsldppen av industriella véxthusgaser &r kritiskt for att bekdmpa
klimatforandringarna. Vidare paverkar privata konsumtionsmonster utslapp och
héllbart utnyttjande av naturresurser. Denna avhandling undersoker effekten av olika
miljopolicies pd den svenska industrin och deras véxthusgasutslapp, och dven
analyserar hushallens konsumtionsmaénster for miljonyttigheter.

EU: s system for handel med utslappsratter ar ett marknadsbaserat instrument for
att minska utslédppen av véxthusgaser i sina medlemsstater. Dess effektivitet &r under
stdndig granskning, sarskilt eftersom de férandringar i regleringarna som inférdes i
systemet i borjan av dess tredje fas forvantas ha stora effekter pd industrins
koldioxidutslapp. En empirisk studie genomfordes for att utvardera effekten av de
olika faserna i EU: s system for handel med utslappsratter pd foretags
koldioxidutslapp och pa deras innovationsaktivitet for att minska dessa utslapp.
Resultaten tyder pa att patent inriktad mot lag koldioxidteknik, och miljé- och
luftrelaterade investeringar i foretag som regleras av utslappshandelssystemet har
Okat 6ver tiden, men utsldppen minskade inte. Svenska foretag som regleras av ETS
hade béattre ekonomiska indikatorer under den forsta fasen. Nér systemet for handel
med utslappsratter inférdes hade Sverige redan en existerande energipolicy med
malet att 6ka kapaciteten av fornybar energi. Avhandlingen analyserar empiriskt om
kombinationen av dessa tvé system resulterar i prissignaler som ar kontraproduktiva.
Resultaten tyder pa att sa inte ar fallet. Hallbara produktionsménster maste
kompletteras med héllbara konsumtionsmaonster. Darfor studerar avhandlingen aven
forhallandet mellan hushallens grona konsumtions- och beteendemanster och finner
att hushallens betalningsvilja for miljévaror inom olika omraden tenderar att vara
komplementara medan faktiska beteenden tenderar att vara substitut.

Keywords: elcertifikat, EU: s system for handel med utsl&ppsrétter, fornybar energi,
innovation, koldioxidutslapp, miljévénligt beteende, policy evaluering.

Author’s address: Sandra Schusser, Swedish University of Agricultural Sciences,
Department of Forest Economics, Umea, Sweden
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1. Introduction

One of the most recent and most threatening global environmental problems
is anthropogenic climate change. This thesis addresses several aspects of
political mitigation attempts on a European and Swedish national level. Such
mitigation attempts crucially require both well-designed policy instruments
and attitudes among the general population that favour a transition towards
a more sustainable way of life. The recurring political instrument that is
revisited in this thesis is the EU Emissions Trading System (EU ETS) as a
means to encourage firms’ emission abatement efforts. Climate change is
only one example of the unsustainability of the prevailing human interaction
with its natural environment and global resources. Natural resources become
scarcer and their extraction and processing harms natural environments to
satisfy the needs of a globally growing number of people and their increasing
living standards. Therefore, the thesis also deals with the extent of
environmental-friendliness of household decisions. Similar to firms, who
need to redirect their production processes towards sustainability,
households need to embrace sustainable mindsets and practices. The thesis
contributes to the understanding of both firm and household roles in moving
towards a more sustainable society. The purpose is to evaluate the role of the
Swedish industry in transitioning to a carbon-neutral society under the
impact of the EU ETS, and to recognise the tendencies in environmental
household decision-making.

Rising global temperatures are mainly due to greenhouse gas (GHG)
emissions (IPCC, 2014). The more GHGs are emitted, the higher the risk that
the impacts on global climate will become more severe and irreversible.
Fossil fuels as a major energy source and industrial processes make for three-
quarters of the total anthropogenic GHG emissions and are thus the largest
contributors to GHG emissions (IPCC, 2014). Agriculture, deforestation and
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other land use change contribute another 25% to GHG emissions. Emissions
from the use of fossil fuels include emissions from energy use in industry,
transport and from electricity and heating in buildings. While adaptation to
climate disruptions is possible to some extent, reductions of emissions are
necessary to minimise their impacts. Reducing emissions from fossil fuels is
therefore an important step towards mitigating global warming. Substituting
fossil fuel use for energy production by renewable (non-carbon) energy
sources, using energy more efficiently and changing energy consumption
behaviours are only some of the pathways to achieve emission reductions
(European Commission, 2019).

The Kyoto Protocol, a global agreement, committed 192 nation states and
other political entities to individual national emission reduction goals
(UNFCCC, 1997). To support this committed path, national or confederate
authorities implemented mitigation policies. On a European level, this
commitment triggered the establishment of the EU ETS. Launched in 2005,
it serves as a major tool to reduce GHG emissions of member countries of
the EU (European Commission, 2019). Additionally, single governments
have decided upon their own national tools to reduce emissions. The question
then becomes whether the sum of several policies has some unforeseen
repercussions on emissions or the economy. Since emission trading systems
have become more popular (Perdan and Azapagic, 2011), this is also an
interesting question to consider for economies that are about to launch or
enter an ETS.

This introduction to the thesis is structured as follows. Section 2 details
the relationship of the papers to each other and points out the contributions
of the thesis to fill the gaps in the existing literature. The political and
geographical setting of the thesis is laid out in Section 3. Section 4 explains
the data and econometric methods used to answer the research questions. The
four papers of the thesis are summarised in Section 5. Section 6 concludes
the results of the thesis and points out areas of future research.
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2. Contribution of the thesis

The United Nations’ negotiations towards the improvement of human life
and the protection of the environment have culminated, for the time being,
in the 2030 Agenda for Sustainable Development. Many goals of the Agenda
include an environmental aspect or address the environment implicitly
(United Nations, 2015). In particular, sustainable development goal (SDG)
12 links the papers in this thesis together, as shown graphically in Figure 1.
SDG 12 seeks to ‘ensure responsible consumption and production patterns’
(United Nations 2015, p. 22). What is offered and sold on open markets is
determined by production and consumption patterns together. While this is a
general insight, it also applies to the consumption and production of
sustainable products and services. Industrial production patterns are referred
to in Papers | to Ill, whereas consumption patterns are dealt with in Paper
IV. Moving to a more sustainable world cannot rely on improvements in only
one of the two sides of the coin. It requires both business products and
processes that reduce environmental degradation as well as responsible
consumption. It is necessary that today’s production and consumption does
not jeopardise the satisfaction of the needs of current and future generations,
while observing the planetary boundaries (see Rockstrém et al., 2009).

2.1 Sustainable production patterns

Changing industrial processes or personal behaviours is a feat not easily
achieved since it often involves costs or efforts on a personal level, therefore
political instruments are a necessary means to induce these changes. It is the
governments’ role to promote sustainable production and consumption
patterns and thus make an important contribution to the implementation of
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SDG 12 and related further goals of the 2030 Agenda. The EU ETS is one
such policy tool.

‘Ensure sustainable
and production
patterns’ \

Tradable green \ "Paper I
certificates
— 'Paper Il
———— EU Emissi :
3 ' ] Tradingmgysgf:m S Paper 1]

<% Policies Firms

Figure 1. Relationships between the papers in the thesis.

There is a constant concern that the competitiveness of regulated firms will
suffer under the financial burden of the EU ETS. Yet, according to the
induced innovation theory, carbon pricing can spur low-carbon innovation.
It suggests that innovations aimed at reducing the use of a production factor
can be stimulated if the relative price of this production factor increases
(Hicks, 1932). Elaborated in the context of environmental regulations, this
means that additional costs due to carbon pricing may strengthen low-carbon
innovation activity. This is often referred to as the ‘weak’ version of the
Porter hypothesis. Its strong version suggests that cost savings resulting from
these innovations may increase innovating firms’ competitiveness and lead
to higher profitability (Porter, 1991). To address these issues of innovation
and competiveness, the thesis finds answers to the questions ‘What are the
effects of the EU ETS on economic and environmental performance of
regulated firms in the manufacturing industry?’ (Paper 1) and ‘What is
the EU ETS’ effect on Swedish firms’ low-carbon innovation
activity?’(Paper IlI).

The EU ETS is statically efficient by design since cap-and-trade systems,
by making allowances transferable, enable those firms to reduce emissions
that can do so at least cost. For long-term reductions in emissions at
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minimum cost, drastic technological changes and diffusion of these
technologies are necessary. This dynamic efficiency requires firm
investments. Assessing the static and dynamic efficiency of the EU ETS is
therefore important to ensure the long-term emission reduction goals. While
some studies indicate innovation gains from the EU ETS, albeit smaller than
expected, concerns remain that these innovations are restricted to the use of
cheap existing process changes or technologies rather than real innovation or
diffusion of more effective mitigation technologies (Taylor et al., 2005;
Bellas and Lange, 2011; Tietenberg, 2013). Most studies on this issue have
focused on one-sided measures of innovation (see, e.g. Bel and Joseph, 2018;
Borghesi et al., 2015; Calel and Dechezleprétre, 2016; Lofgren et al., 2014;
Martin et al., 2013). A major contribution of this thesis is the use of three
different measures of innovation, which allows for a more nuanced picture
of low-carbon innovations in firms. Thus, a differentiation between adoption
of technologies, organisational innovation and new-to-market innovation is
possible. Adoption of existing low-carbon technologies is an innovation in
that these technologies are new to the firm. Low-carbon organisational
innovation may be structural changes, the development of firm goals and
strategies in line with sustainable or low-carbon production processes. These
take the form of expenditures for, for example, personnel and administration
working towards low-carbon goals. New-to-market innovations are
improved products or processes that have not been previously on the market
in which the firm is active.

Previous analyses of the EU ETS’ effects on firm behaviour have been
restricted to Phase | and Phase Il of the EU ETS. The period of analysis in
this thesis is extended to Phase I11. Regulatory changes introduced to the EU
ETS with the start of Phase 111 in 2013 are expected to lead to stronger effects
than previously found (see Section 3.1 for regulatory changes). Therefore,
evaluating the impact of the EU ETS in particular in this phase is relevant to
determine whether the regulatory changes are successful or require
additional refinement.

The EU ETS’ effects on the European industry have been the subject of
some empirical analysis. Yet, Sweden is an interesting case to study because
it has stacked environmental policies on top of each other, among others a
carbon tax, a tradable green certificate (TGC) system and the EU ETS. As
such, Sweden can serve as an example for other countries that also had
previous environmental policies in place when the EU ETS was launched.
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There is theoretical evidence that the combination of a TGC market and a
carbon market might work against the aim of the TGC system of increasing
renewable energy source (RES)-based power production. This is because the
relatively more expensive electricity generation from fossil fuels will be
substituted by RES-based power production, which then provides more
TGCs. This then lowers the TGC price, which reduces incentives to invest in
RES-based electricity generation (see Amundsen and Bergman, 2012;
Amundsen and Bye, 2016; Amundsen and Nese, 2009; Bohringer and
Behrens, 2015; Bohringer and Rosendahl, 2010; Jensen and Skytte, 2002,
2003; Widerberg, 2011). Building on this mostly theoretical work, the thesis
contributes by answering the question ‘Does the interaction of the TGC
system and EU ETS inhibit the goals of these policy instruments?’ (Paper
I) in an empirical setting.

2.2 Sustainable consumption patterns

In the wake of the 2030 Agenda, the importance of responsible and
sustainable use of natural resources, and the fact that individual consumption
can make an important contribution to it, has continuously moved to the
forefront of media coverage and the collective social consciousness in many
countries (see e.g. Center for Research on Environmental Decisions, 2009;
Schmidt et al., 2013). Many people in western countries tend to consider a
sustainable lifestyle as desirable, but the definition of sustainable lifestyle is
often vague and varies from individual to individual (see e.g. Axsen et al.,
2012; Gilg et al., 2005; Roy, 2012). Lubowiecki-Vikuk et al. (2021) identify
several lifestyles and consumer behaviour patterns, but note that none of
them is universal. Yet, a universal sustainable lifestyle is necessary;
behaviours in all household domains have to become more environmentally
friendly for a sustainable use of natural resources.

Most household decisions are eventually consumption decisions that have
environmental implications and contributions to environmental public
goods, whether they are considered or not. ‘What shall we have for lunch?’
requires a decision on which food to buy: sustainably grown or not? ‘Shall
we watch TV to wind down in the evening?’ entails the question of the origin
of the electricity to power the TV: renewable energy sources or conventional
energy sources? ‘Where should we go on holidays?’ calls for a decision on
the transport mode: how do emissions of travelling by car compare to those
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from travelling by train or airplane? All these consumption decisions have
characteristics of both private and public goods. Consumers derive utility
from the private characteristics, but also invest in the environmental
characteristics of the good (see Lancaster, 1966). A profit-maximising
consumer would free-ride on other consumers’ contributions to the public
environmental goods. Yet, some consumers invest in environmental goods.
The reasons for individuals to invest in environmental goods or behave in an
environmentally friendly way can be underpinned with economic concepts,
but they also draw on insights into, for example, the field of environmental
psychology (Croson and Treich, 2014). Environmental consumption can be
motivated by consumers’ environmental knowledge, their attitudes or values
(see, e.g. Truelove et al., 2014; Whitmarsh and O’Neill, 2010; Whitmarsh et
al., 2011), the behaviour of peers and social status (Welsch and Kiihling,
2009). Consumers may spontaneously make sustainable decisions, but often
a gap between environmental awareness and the corresponding behaviour
arises (Kollmuss and Agyeman, 2002). Therefore, they may be nudged to
undertake a certain action and consumption options may be offered in a way
that makes choosing the environmental option easier (Croson and Treich,
2014). When a behaviour is targeted by an environmental intervention or
programme (such as, for example, green nudging), not only the targeted
behaviour, but also related but not targeted behaviours may be affected. This
is known as ‘spillover effect’ and can be negative or positive, in other words,
lead to less or more of the desired behaviour. For a larger social penetration,
environmental behaviour will need to be evoked by policies (see e.g.
Parminter, 2019; Schubert, 2017) without resulting in negative spillovers in
related environmental behaviours, or, in environmental behaviours in other
domains of household decision-making.

The majority of previous studies on interrelations of environmental
behaviours refer to behaviour in one environmental domain only. A
contribution of this thesis is to widen the scope to include behaviours in
several domains. This can help in formulating expectations of spillover
effects into other domains as a response to an environmental intervention.
The question that is answered is ‘How are environmentally friendly
household behaviours in different areas related to each other?
Environmentally friendly behaviour in only some areas of life, possibly to
balance other environmentally harmful behaviour, will in the long run still
be detrimental to natural resources (see Reddy et al., 2017). Therefore it is
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important to inspect the relationship of these behaviours in households to
design policy measures to steer them in the sustainable direction, if need be
(see Dietz et al., 2009).

20



3. The political and geographical setting

Geographically, this thesis moves from a national perspective in Sweden
(and Norway, in Paper I), to include the confederate level of the EU, where
the ETS was created (papers I, Il and 111), to a global perspective of several
OECD (Organisation for Economic Co-operation and Development)
countries (Paper 1V). In the following, the most relevant policies that affect
Swedish firms are detailed.

3.1 European Union Emission Trading System

Launched in 2005, the EU ETS is at the heart of the EU’s battle against
climate change and the largest of its kind worldwide — it covers energy-using
industries and airlines in all EU member states and Norway, lceland,
Liechtenstein and the UK. Its measurable goal is the reduction of GHG
emission by 55% by 2030 (compared to 1990) and a climate-neutral union
by 2050.

The general mode of operation of the EU ETS is that of a cap-and-trade
system based on the principle that polluters should pay for their emissions.
A cap is put on total GHG emissions and this cap is reduced over time to
reduce actual emissions. Firms and installations receive EU Allowances
(EUAS) or buy them in auctions. The number of freely allocated EUAS is
reduced every year and auctioning has become the default method of
allocation, e.g. in 2005 80% of all EUAs were allocated for free, while in
2020, 30% were allocated for free to manufacturing firms. At the end of each
trading year, firms have to surrender the necessary amounts of EUAS to cover
their emissions. Excess emissions can be sold to other firms or kept for later
years. Firms can trade EUAs freely with each other. This allows firms that
can reduce their emissions most cheaply to earn extra income by selling spare
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EUAs that they save by reducing their emissions, whereas firms that find it
costly to reduce emissions can buy extra EUASs to cover their emissions. The
reduction of the emission cap over time is expected to increase the incentive
to invest in new mitigation technologies and reduce emissions in a cost-
effective way.

Phase | ran from 2005 to 2007 and established a carbon market with a
price for EUAs, free trade in EUASs and the necessary infrastructure. National
emission caps were determined and only CO, emissions of the power sector
and energy-intensive industries were covered. EUAs were freely allocated.
Phase Il ran from 2008 to 2012 and lowered the national emission caps. NOx
emission and the aviation sector were added, and the share of free allocation
was reduced. Phase Il ran from 2013 to 2020 (this thesis covers phase I11
until 2016). It replaced national emission caps with a single, EU-wide cap
and introduced an annual linear reduction of emission caps starting from the
Phase Il cap. Auctioning has become the default mode of allocation; a
smaller share of allowances is still freely allocated. A surplus of allowances
has accumulated due to emission reductions in the aftermath of the 2008
economic crisis. This led to a significant reduction in EUA price (Bel and
Joseph, 2015). Starting in 2014, allowances were taken from the market
temporarily when a surplus of allowances was on the market, a concept
called backloading. Those EUAs were put in a newly established market
stability reserve that can respond by freeing extra allowances for auctioning
or taking up surplus allowances to stabilise the amount of allowance on the
market. Those regulatory changes make it necessary to re-evaluate the
effectiveness of the EU ETS regularly. In particular, the more stringent
emission cap and the larger share of auctioned emission allowances are
expected to improve the dynamic efficiency of the EU ETS (Cason and De
Vries, 2019; Tietenberg, 2006). A major contribution of this thesis is
therefore the extension of the period of analysis to Phase Il of the EU ETS.

3.2 Tradable green certificates

The tradable green certificate system (elcertifikatsystemet) is a market-based
political instrument with the aim of increasing the share of electricity
capacity from renewable energy. It was introduced in Sweden in 2003 and
extended to Norway in 2012 to create one common TGC market.
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Figure 2 shows a graphical representation of the system. Producers of
electricity receive one TGC for each produced megawatt hour from
renewable energy sources (1), which they are free to sell on the open market
(3) to receive extra revenue (2). Energy sources that qualify for TGC are
mainly, but not exclusively, renewable: wind power, solar power, geothermal
power, tidal energy, hydropower (new plants with power production larger
than 1500 kWh and plants that are modernised and have an increased power
production), certain biofuels, and peat used in cogeneration plants. New
power plants receive TGC for 15 years. Consumers of TGC are market
participants that have to comply with a percentage requirement (‘kvotplikt’),
i.e. they are obliged to buy a certain share of TGCs with respect to their total
electricity use (4). This creates the demand for TGC. These market
participants are electricity retailers, buyers of electricity on the Nordic power
market, energy-intensive industries and producers of electricity who also
consume their electricity. Demand and supply of TGC then determine their
price. Every year, those market participants subject to quotas hand over the
respective quantity of TGCs to verify that they have followed the percentage
requirement (6). Those TGC are annulled. Electricity suppliers charge their
consumers the extra cost for TGCs on the electricity bill (5).
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Figure 2. Graphical representation of the tradable green certificate system. (Source:
Illustration from Bo Reinerdahl, from:
https://www.energimyndigheten.se/globalassets/fornybart/elcertifikat/om/sa-har-
fungerar-den-svensk-norska-elcertifikatsmarknaden-illustration.pdf)




As of 2020, the annual percentage requirements are determined until 2045.
The initial renewable production goal was to add 26.4 TWh to the existing
electricity production from renewable energy sources. This goal was
increased to 28.4 TWh in 2020 compared to 2012. Until 2030 an additional
18 TWh of renewable electricity production are targeted by Sweden.

Both the EU ETS as well as the TGC system are dynamic systems that
are adjusted regularly by the respective authorities. For example, increasing
the capacity goal and the quota should lead to increased demand and TGC
prices. The market extension to include Norway was expected to result in
increased market liquidity and more stable prices (Energimyndigheten and
Norges Vassdrags- og Energidirektorat, 2015).

The goal of the TGC system is to increase green electricity generation,
with the implied goal of reducing carbon emissions. The EU ETS has the
goal to reduce GHG emissions. The pathway to reach this goal is to increase
the share of green electricity generation. Thus, the goals of both policies are
closely intertwined.

3.3 Carbon tax

The Swedish carbon tax is an excise tax raised on the carbon content of fuels.
By increasing the price of fossil fuels relative to other fuels, the carbon tax
aims to reduce carbon emissions from fossil fuel use. It was implemented in
1991 and applied to domestic transport and all industrial firms. The level of
the carbon tax was increased over time according to the rates shown in Figure
3. While domestic transport has to pay the full tax rate, industrial firms are
exempted to different extents to support competition (Martinsson and
Fridahl, 2018). The regulation provides exemptions for some energy-
intensive firms according to a reduction rule.! Hammar and Akerfeldt (2011)
note that energy-intensive firms even received individual reductions from the
government. In fact, Lundgren and Marklund (2012) find that there is no
relationship between the carbon tax paid by firms and their energy cost share.
They also indicate that until 2004 the effective carbon tax rate was much
lower than the nominal carbon tax rate.

The carbon tax is paid by registered firms to the Swedish Tax Authority.
These firms are generally referred to as ‘stock keepers’. When these stock

! The carbon tax reduces by 76% for a carbon tax exceeding 0.8% of the firm’s production value and it is removed
completely for carbon tax exceeding 1.2% of the firm’s production value.
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keepers sell fuel to consumers, they add the carbon tax on to the consumer
price. Thus the real carbon tax payable is not determinable at firm level
because of the tax regulation with non-transparent exemptions and because
payment is made by stock keepers. After the introduction of the EU ETS,
ETS firms were gradually exempted from the carbon tax, the reasoning being
that regulated firms pay the price of carbon when they buy EUA to comply
with ETS regulation. From 2005 to 2012, ETS firms still had to pay the
carbon tax, albeit a lower percentage than non-ETS firms had to pay. From
2013 onwards, ETS firms were completely excluded from having to pay the
carbon tax (see Figure 3). Switching from carbon tax to an ETS can be a soft
transition from a fixed carbon price to a price determined by the market
(Tietenberg, 2013). The carbon tax rate for non-ETS firms was increased
gradually and reached 100% of the full rate in 2018 (Government Offices of
Sweden, 2017).
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Figure 3. Carbon tax rate in Sweden in EUR/t at current rates, 1991-2018. (Source: Law
(1990:582) on carbon tax (lag om koldioxidskatt) and regulations that refer to this law.)
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4. Econometric methods & data

4.1 Paper |

To find out whether the interaction of the TGC system and EU ETS inhibits
the goals of these policy instruments, the prices of TGCs, EUA and
electricity are used. The weekly data series cover the period from 2005 to
2015. Prices of TGCs from the brokerage Svensk Kraftmékling were
combined with electricity spot prices from Nord Pool and EUA future prices
from the ICE Futures Europe. Trading of TGC may happen directly between
buyers and sellers, via the electricity market, or via brokerages. While the
quantity of TGCs that change ownership or are annulled annually is
registered at the Energy Agency’s accounting system CESAR, prices are not
noted for each transaction. Therefore, prices from the brokerage are used as
indicator prices for transactions. As electricity prices, the average price of all
bidding zones in Sweden and Norway is used. EUA future prices, i.e. the
continuous daily series of forward contract prices, are used because the
largest share of EUAs are traded on the futures market, with only about 7%
traded on the spot market.? From this daily price series, weekly averages are
calculated.

Judging from the literature, the three prices are expected to be closely
related. EUA prices are expected to affect TGC prices negatively because the
relatively more expensive fossil fuels tend to be substituted by RES-based
electricity generation. For this generation, more TGCs are provided, which
lowers the TGC price (Amundsen and Mortensen, 2001; Amundsen and
Nese, 2009; Widerberg, 2011). A TGC system has both positive and negative

2 Calculated from volumes reported in German Auctioning of Emission Allowances (German Environment
Agency 2020).
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effects on consumer electricity prices. The positive effect derives from the
increasing demand for green quotas, which increases their price. The
negative effects on wholesale prices originate from the merit order effect
when increasing RES-based electricity production replaces fossil electricity
production. The combination of these two effects may lead to increasing or
decreasing consumer prices (Jensen and Skytte, 2002, 2003). The TGC
system’s positive effect on RES-capacity lowers demand for EUA and hence
their price (Rathmann, 2007; Bohringer and Rosendahl, 2010). Increasing
electricity prices reduce electricity demand and thus demand for TGC and
EUA. These numerous reciprocal effects mean that none of the price series
can plausibly be called exogenous. Instead, the time series in the model are
endogenously determined.

The preferred method of choice is, therefore, a vector autoregressive
(VAR) analysis. In a VAR model, each price series is described as a linear
combination of all price series’ lagged values and an error term. The three
price series translate, therefore, into three equations. Each equation models
one of the three price variables as dependent variable, with the lagged values
of all prices as explanatory variables. This means that the explanatory
variables are the same in each equation. The term ‘autoregressive’ implies
that the price’s current value is determined by its past values, and since it is
a ‘vector autoregressive model’, also by the past values of the other variables
in the vector. The error terms in these individual equations are assumed to be
normally distributed with mean zero and variance °.

A lag length analysis is performed to determine the optimal order of the
VAR model, using the almost standard Augmented Dickey—Fuller test, and
the Clemente-Montafiés-Reyes test that allows for up to two structural breaks
(Clemente et al., 1998). The latter is implemented since there are suspected
structural breaks when the EU ETS is introduced in 2005 and when the TGC
system is extended from Sweden to include Norway in 2012.

Since the VAR model describes an interdependent relation of variables,
the individual estimates of coefficients give only a very restricted picture of
the prices’ dependencies. Impulse response functions give a better picture of
the dynamic behaviour of the price series. They describe the price series’
evolution over time in response to a one-time shock in another variable in
the system.® This response evolution is usually plotted over time. The

3 In particular, an orthogonal impulse response function is employed, which decomposes the variance—covariance
matrix into a lower triangular matrix.
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analysis of the dynamic properties of the system is conducted over a period
of one year (52 weeks), which is a reasonable time period for weekly data
with the aim of analysing the short-run dynamics. A complementary tool is
the forecast error variance decomposition, which shows how large a share of
a price variation can be explained by a price’s own and the other prices’
disturbances.

4.2 Paper I

In the field of policy impact evaluation, difference-in-differences (DID)
estimations are established practice to deal with the non-experimental
character of the policy setting. To estimate the impact of the EU ETS on
firms> CO; emissions and their economic activities, a DID model is used.
The outcomes for firms regulated under the EU ETS are known. This is the
treatment group, where the treatment, or intervention, is the launch of the EU
ETS. Ideally, the values of these outcomes would also be known, had the
policy not been in place (called the ‘counterfactual’). Then, the policy effect
could be calculated by taking the difference between the treatment group and
the counterfactual group. Yet, the counterfactual is not observable since it is
not realised. Therefore, a control group is used as a proxy for the
unobservable counterfactual group. This proxy is constituted by the firms
that are not regulated by the EU ETS. This means that the group of regulated
(treated) firms is compared to the group of unregulated (control) firms. Since
the outcomes of regulated and unregulated firms could follow different
trajectories even before the policy was launched, both groups of firms should
also be compared before and after the start of the treatment. The treatment
starts with the launch of the EU ETS in 2005. The years from 2000 to 2004
are the before-period and the years from 2005 to 2016 are the after-period.
In short, the DID concept is based on a difference between before and after
the start of the treatment and between a treatment and a control group.

For DID to be consistent, outcomes of regulated and unregulated firms
should follow the same trend, from which the treatment only poses a
deviation in the treatment group (Angrist and Pischke, 2008). In our case,
treatment is not random, since ETS regulation is based on the size of a plant’s
pollution capacity and on the type of emitted pollutant. Therefore, outcomes
in regulated and unregulated firms might differ even in the absence of
treatment. To reduce the possibility of selection bias, regulated and
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unregulated groups should be as similar in covariates as possible. For this,
the probability of each firm to be regulated by the EU ETS given the firm’s
CO; emissions is calculated. This probability is called the ‘propensity score’.
Based on their propensity scores, regulated firms are then matched to the
closest non-regulated firm with a nearest-neighbour-matching algorithm.
Regulated firms are matched to an unregulated firm that has the closest
propensity score, in other words, they are ‘nearest neighbours’. This creates
a set of matched firms, which are used in the subsequent step.

One could simply calculate the difference of means of the treatment and
control group determined with the propensity score matching, but applying
a linear regression allows us to control for other factors affecting firms’
emissions and economic outcomes and to determine the significance of the
treatment effect. In a regression set-up, the DID effect is captured by
interacting the two dummy variables that denote treatment and time. The
coefficient of this interaction term is the policy effect of interest. As a
refinement, an interaction dummy between the period of each phase of the
EU ETS and a dummy indicating regulation status are used to analyse the
specific effect that each phase of the EU ETS has regulated on firms’
outcomes.

A set of variables that control for firm-specific characteristics and energy
prices are included. Since there might be time-invariant firm-specific factors
that cannot be observed, firm-specific fixed effects are included in the model.

The data used was collected by the Statistical Office of Sweden (SCB)
and contains economic, environmental and energy-related variables of
Swedish firms from different data sets from 2000 to 2016. As indicators for
environmental performance, firms’ CO; emissions and CO. emission
intensity are employed. The former is calculated by the SCB by multiplying
firm fuel use with the respective fuel emission factors. CO2 emissions
relative to firms’ production value provide a measure of emission intensity.
As economic indicators, value added and production value as two
alternatives for measuring economic activity, and labour productivity to
measure firms’ economic efficiency are used. ETS regulation status was
retrieved from the EU Transaction Log (EUTL). Dummies for the individual
phases are used to control for common time trends. Firm characteristics
controlled for are capital stock to measure economic size and the number of
employees to measure firm size. To take into account variations in prices of
fossil fuels vs non-fossil fuels, a firm-specific energy price index is
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calculated that is the ratio of energy-share weighted prices of fossil fuels
relative to the price of clean energy, i.e. electricity price (see Klemetsen et
al., 2020). Annual average electricity spot prices are provided by the Swedish
Energy Agency.

4.3 Paper Il

When turning to the questions of the EU ETS effect on Swedish firms’ low-
carbon innovation activity, the policy impact analysis takes a slightly
different form compared to the one conducted in Section 4.2. Economic and
environmental indicators are not optional, all firms have them. Low-carbon
innovation activity, on the other hand, is optional for firms, not all firms
engage in it or report it. Only the measure of innovation for those firms who
report them is observed. Additionally, innovating and non-innovating firms
might differ from each other in unobservable ways. In a regression model,
this selection bias would result in a correlation of predictors with the error
term and lead to biased parameter estimates. Therefore, the analytical
approach is different compared to the analysis in Paper Il. It requires two
steps: a first step, in which the probability of firms to engage in innovation
activities is estimated based on firm-specific characteristics, and a second
step, in which the quantitative effect of covariates is estimated, given their
decision to engage in innovation activity (which was estimated in the first
step). This procedure is known as the two-stage Heckman selection model
(Heckman, 1979).

In the first stage, a probit model is fitted. In a probit model, the dependent
variable can take only two values, zero or one. The probit model feeds a
linear combination of predictors through a function to produce a non-linear
relationship that is defined by the cumulative standard normal distribution
function. In our model, for firms engaging in low-carbon innovation, the
dependent variables take value one, and zero otherwise. The probit model
estimates the probability of firms to engage in low-carbon innovation activity
based on firm-specific time-variant and time-invariant factors. To deal with
the selection bias, two dummies that indicate the use of carbon-intensive fuel
are included as instrumental variables for selection: a dummy for the use of
oil and a dummy for the use of gas. The use of carbon-intensive fuels should
affect the likelihood of engaging in low-carbon innovation activities, but not
their size. Thus, they are appropriate instruments. For each observation, the
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predicted inverse Mill’s ratio is calculated. The inverse Mill’s ratio is defined
as the ratio of the probability density function to the cumulative distribution
function. It serves as a proxy measure of firms’ probability to invest in low-
carbon innovation activities.

In the second stage, the target model that explains the size of the measures
of low-carbon innovation activity with a set of observed firm-specific
variables and the inverse Mill’s ratio is estimated. The inverse Mill’s ratio
measures the effect of sample selection due to firms that do not invest in low-
carbon innovation. Its coefficient indicates the share of the covariance
between the decision to innovate and the size of the innovation variable
relative to the variation in the decision to innovate. To put it another way, it
takes into account that the factors affecting the innovation decision also
affect the size of the innovation activity. The treatment effect is captured in
the regression by an interaction term of the treatment dummy (firm is
regulated by ETS) and the time dummies for Phase I, Phase Il and Phase 1lI
of the EU ETS.

The second stage is estimated in two versions. In the first version the data
set is treated as a cross-section such that a pooled Heckman selection model
is estimated. In the second version a fixed-effects model is estimated, which
concedes that there might be firm-specific time-invariant effects in the
unbalanced panel data. For the latter, annual inverse Mill’s ratios are
included, which are calculated from the first-stage regression for every
individual year in the second-stage regression (Wooldridge, 2001).

The firm-level economic and energy-related data used for this analysis
originates from the SCB. Additionally, data from the survey ‘Environmental
protection expenditure in industry’ is used. This is a representative survey
conducted annually by the SCB and provides information on firms’
environmental expenditures and investment. The sectors included are the
mining sector, manufacturing industries, and electricity, gas and water
supply. Since 2006, only firms that have more than 50 employees are
included in the sample — previously smaller firms were also sampled. Firms’
environmental investments and expenditures are classified according to
which area they relate: air, water, waste or other. For the purpose of this
study, investments and current expenditures, as two forms of measuring
innovation, are broken down into air-related and non-air-related (water,
waste and other), and their total (the sum of all areas). Environmental
investments are a proxy measure of firms’ adoption of existing technology
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(also called new-to-firm innovation), while current environmental
expenditures stand as proxy for organisational or process innovation (see
SCB (2020) for definitions and examples of environmental expenditures and
investments in the survey).

These innovation measures are complemented by the number of low-
carbon patents granted to Swedish firms in Sweden or granted to Swedish
firms at the European Patent Office (EPO) and validated in Sweden. This
data was retrieved from the Swedish Intellectual Property Office (PRV).
Patent counts serve as a proxy measure for new-to-market innovation. A
dummy variable that identifies firms regulated by the EU ETS is used, as are
dummy variables for each of the phases of the EU ETS and an interaction
between both to signify the effect of the EU ETS on regulated firms. The
economic indicators considered are value added relative to the number of
employees as a measure of economic performance and capital stock as a
measure of firm size to have a positive impact on firms’ innovative activity.
In addition, more energy-intensive firms might be more interested in low-
carbon innovations since they are more likely to be large polluters, therefore
total energy use relative to the number of employees is used as an
explanatory variable. Firms experiencing higher energy prices might also be
more likely to invest in energy-saving innovations to save costs. A firm-
specific energy price index was calculated to take this into account.

4.4 Paper IV

To answer the question ‘How are environmentally friendly household
behaviours in different areas related to each other?” household survey data
from the 2008 OECD Survey on Environmental Attitudes and Behaviour is
used. This survey was conducted online in about 1,000 households each in
ten OECD countries. They were asked about 90 questions on household and
attitudinal characteristics and on their behaviour in five environmental areas
of life. Out of this set of data, the three areas transport, energy and water
were chosen. These questions/areas were chosen since the questions on
households’ willingness to pay (WTP) or willingness to change their
behaviour were asked in a comparable way. Six countries were chosen as
they had a minimum of 100 complete observations: Australia, Canada,
France, Mexico, Italy and South Korea. This is because of non-applicable
guestions in the survey (where respondents had to answer several questions
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conditioned on answering a previous question) and frequent use of the ‘I
don’t know’ answer option.

To assess the relation of environmental friendliness in the different areas,
two sets of dependent variables are used. In the first set there is a behavioural
dummy for each area derived from the question in the structural form ‘Do
you perform this specific pro-environmental behaviour?’ followed by a list
of behaviours to consider. Households are then classified either as pro-
environmental, in other words they engage in more than the median number
of environmentally friendly behaviours, in which case the dependent variable
takes the value one; or as not pro-environmental, in other words they engage
in less than the median number of environmental behaviours, in which case
the dependent variable takes the value zero. This means this behavioural
outcome variable is binary. In the second set, a variable was created from a
question targeting the percentage change in price that households are willing
to pay to receive their consumed good with a more environmentally friendly
quality (renewable energy only, improved quality of tap water). For
transport, households were asked to state the change of their personal
transport behaviour in response to an increase in fuel prices. The answer
options were interval valued and each interval was attributed an ordinal
value. The ordinal values for, for example, WTP for renewable energy only
correspond to 0% (value 1), 1-5% (value 2), 6-15% (value 3), 16-30%
(value 4) and more than 30% (value 5). This means that the WTP variable
takes ordered values, from one to five, where one is the lowest and five the
highest category.

Previous research has identified factors that make pro-environmental
behaviour more likely. Building on this, the control variables are a dummy
that indicates whether households have invested in energy-efficient or water-
efficient devices in the past ten years, a rank indicator of environmental
concern (relative to five other global concerns), and dummies indicating
membership of an environmental organisation, and whether the household
takes special measures to buy electricity from renewable sources from their
provider. In addition, the distance the household drives by car, satisfaction
with tap water, and several household characteristics such as household size,
income, if the respondent is female, if they have an academic degree and if
their primary residence is urban as explanatory variables are controlled for.
Lastly, dummies for each country are used.
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The analysis deals with the probabilities of households engaging in
different environmental behaviours and their WTP for improved
environmental quality of certain goods. Each of those two sorts of outcome
variables — behaviours and WTP — requires a different model specification.
Since the dependent variable is binary for behaviour, a probit model is the
obvious choice (see Section 4.3 above for an explanation of a probit model).
Thus, it is estimated how likely it is that a household will engage in pro-
environmental behaviour in one domain (say transport), given their
environmental behaviour in the other two domains (water and energy) and
given their household characteristics. The behaviour areas, transport, water
and energy, are identified by dummies, and it is their coefficients that are of
interest in evaluating the relation between the environmental behaviours.
Assuming that behaviours within a household are correlated across domains,
the probit model is estimated with random effects. The ‘random effect’ is
employed to incorporate effects in the model that are not related to other
observables in the model but that are clustered on the household.

Households’ WTP is ordinal data, which means data with natural and
ordered categories. Since the ordered character of a household’s WTP for a
more environmentally friendly quality in the three domains differs from the
binary data of environmental behaviours, the approach to estimate the
relationship of WTP in different domains differs slightly from the estimation
of environmental behaviours described above. For WTP, an ordered probit
model with random effects is estimated. The main difference to the random
effects probit model is that the dependent variable takes ordered values
instead of binary values. This approach is adapted from Lange et al. (2017).
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5. Summaries of the papers

5.1 Paper |: Explaining the interplay of three markets:
green certificates, carbon emissions and electricity

Paper | of this thesis should be seen in the light of analysing the political
efforts of increasing electricity capacity based on renewable energy sources
(RES). It addresses the TGC system of Sweden and Norway as a (bi-)national
tool to increase the share of RES in electricity production and its interactions
with the EU ETS. The market interactions of green certificate systems,
carbon emission allowances and electricity have been the subject of
theoretical considerations. The purpose of this paper is to trace the price
developments in each of the three markets in response to the others and to
evaluate whether the coexistence of two market-based instruments with the
same goal of reducing GHG emissions and encouraging the building of RES
capacities creates appropriate price signals for market participants.

Based on the theoretical considerations regarding the close relation of the

three markets, all of the market prices have to be assumed to be dependent
on each other. Therefore, this paper applies a standard VAR analysis on their
market prices. This study uses weekly price series for the years 2005 to 2015.
Electricity prices are spot prices of the Nordic-Baltic Nord Pool, green
certificate prices originate from the Swedish—Norwegian tradable green
certificate system and carbon prices are EUA forward prices from ICE
Futures Europe. No other variables are included in the analysis since prices
are assumed to incorporate all other demand- and supply-side factors.

The results show that the effect of green certificate prices on electricity
prices is positive but small and delayed. This suggests that the green
certificate system has generated only small amounts of new green power
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generation capacities in Sweden and Norway — two countries with an already
large share of renewable power generation. Price shocks in the green
certificate market and the Nordic electricity market do not significantly
affect carbon prices, which is to be expected given the small relative size of
the Nordic market compared to the size of the EU ETS market. Carbon prices
have positive short-run effects on both electricity prices and green certificate
prices. The positive effect on electricity prices can be explained by the
expensive and carbon-intensive peak-electricity generation in periods of high
electricity demand. The positive effect of carbon prices on TGC prices is
likely inherent to the construction of the TGC system, where the share of
renewable electricity generation in total electricity generation has to be met
at all times. Higher demand for electricity then drives up demand for green
certificates as well as their price.

An interpretation of the results is that, in the short run, there is no
interference between price formation in the Swedish-Norwegian TGC
system and the EU ETS. The goals to reduce GHG emissions and increase
renewable electricity capacity are not obstructed by the price signals.

5.2 Paper IlI: The impact of the EU Emission Trading
System on the environmental and economic
performances of manufacturing firms in Sweden

The effects of the EU ETS on firms’ economic performance and emissions
have been analysed empirically in various sectoral, geographical (national,
European) and time (first and second phase) scopes. The contribution and
goal of this paper is to extend these analyses to include the first four years of
the third phase, i.e. 2013-2016, and to determine whether the changing cap
stringency and allocation rules of this period produced any significant effects
on environmental and economic indicators. Swedish firms are not only
subject to the EU ETS but also to a carbon tax that was introduced in 1991
and has been lowered stepwise for firms covered by the EU ETS. In this light,
Sweden is an interesting case, with two policies that both set a price on
carbon.

The data used was collected by Statistics Sweden covering the years 2000
to 2016, with detailed information about firms’ economic and environmental
characteristics. This data set was completed with annual average electricity
spot prices from Nord Pool and carbon allowance compliance data from the

38



European Union Transaction Log. A nearest-neighbour propensity score
matching algorithm refines the sample of ETS-regulated and -unregulated
firms before a basic and a fixed-effects DID model are estimated.

The results suggest that the ETS did not affect CO, emissions or CO;
intensity in regulated manufacturing firms in Sweden. This result is in
contrast to emission reductions estimated for other countries. One possible
explanation could be the overallocation of allowances during the first years
of the EU ETS in Sweden. Another reason might be that the carbon tax,
which had higher rates for non-ETS firms in the later years of our analysis,
might actually have been higher than the price for EUAs. Non-ETS-regulated
firms effectively pay more for their emissions. Production value and
productivity of regulated firms improved during Phase | of the EU ETS,
which is in line with previous results and could be due to regulation-induced
efficiency or technology changes. Swedish manufacturing firms experience
a negative time trend of environmental indicators, and a positive time trend
of economic indicators, irrespective of regulation status.

5.3 Paper lll: Swedish low-carbon innovation in the light
of environmental policies

Environmental policies, in particular market-based ones like the EU ETS,
with the aim of reducing industrial GHG emissions will do so either by
inducing production declines, or more likely by stimulating innovations and
technological change. The EU ETS’ design and stringency, and therefore its
effectiveness, have been subject to criticism. In Phase Il of the EU ETS,
some design changes, such as a stricter emission cap and a larger share of
emission allowance auctioning, are expected to make larger impacts on
innovative activities of the regulated industries.

This paper focuses on effects of Phase Il of the EU ETS on different
measures of low-carbon innovations by implementing a two-stage Heckman
selection model to estimate these effects. Swedish firm-level panel data from
2002 to 2016 is used that includes firms’ expenditures and investments on
air-related and other environmental areas, extended with a data set of patents
granted by the Swedish Intellectual Property Office or granted by the
European Patent Office and validated for Sweden.

While in Phase | environmental investments of regulated firms were
negatively affected, Phase 111 shows an increase in air-related as well as total
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environmental investments and expenditures of regulated firms. This can be
interpreted as a postponement of environmental investments and to a certain
extent a redirection into air-related investments in Phase IIl. All firms,
regardless of regulation status, have experienced an increase in
environmental expenditures during the three phases of the EU ETS compared
to pre-ETS years, but regulated firms even more so. In addition, low-carbon
patenting in regulated firms has been affected positively by the EU ETS in
Phase Il and Phase III.

Thus, innovation activities in regulated firms seem to gain momentum in
Phase 11 of the EU ETS. Whereas regulated Swedish firms started their low-
carbon innovation activity with organisational innovation during the first
years of the EU ETS, they also developed new-to-market innovations starting
from Phase Il and adopted existing low-carbon technologies in Phase IlI.
Stringency of emission caps and higher rates of auctioning of shares instead
of free allocation might account for this.

5.4 Paper IV: Green behavioural (in)consistencies: are
pro-environmental behaviours in different domains
substitutes or complements?

This paper identifies the interrelations of pro-environmental behaviours and
WTP for environmental goods in the household domains renewable
electricity, clean transport and water quality. The major contribution of this
paper is that it points out in what way the environmental aspects of household
behaviours and goods can be interpreted as substitutes or complements. The
paper also compares these interrelations across six OECD countries. The
underlying concern behind this analysis is in what pattern private households
contribute to public policy goals, such as, for example, reducing greenhouse
gas emissions or waste or providing clean water.

The data for this analysis is taken from the OECD Household Survey on
Environmental Attitudes and Behaviour 2008, i.e. it is self-reported. Besides
socio-economic household characteristics, this data set contains information
on WTP to receive renewable electricity only, get higher quality tap water
and the reduction of fuel use for personal car use. It also contains
information on specific environmental behaviours, such as turning off the
lights when leaving a room, or choosing public transport instead of a private
car. Households that engage in more than the median number of pro-
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environmental behaviours are categorised as very pro-environmental, those
engaging in less than the median number of pro-environmental numbers are
considered as not pro-environmental. Probit and ordered probit models
estimate which respondents are more or less likely to behave very pro-
environmentally or are more or less likely to pay more in the transport
domain versus the energy domain and versus the water domain.

The results show that in most countries the relation of WTP for
environmental goods in the three domains is complementary. This means that
households that report a relatively higher WTP in one domain tend to report
higher WTP in the other domains as well. They are thus rather consistent in
their stated WTP for environmental goods over the three household domains.
This complementary relation is more likely found in households that report
above-average pro-environmental behaviours. Previous pro-environmental
behaviour can thus be considered an indicator for higher WTP for
environmental goods and an overall more environmentally friendly attitude.
WTP in the survey is, however, a hypothetical statement, whereas reported
behaviours in the survey refer to actual behaviours of the previous year. The
relationship between behaviours in the three domains are of substitutionary
character in most countries, i.e. households that behave pro-environmentally
in one domain are less likely to behave pro-environmentally in the other
domains.

This implies that policies that encourage environmental behaviour from a
narrow perspective might lead to trade-offs in other environmental domains
if households treat them as substitutes. Instead, policies should address
several domains at once, such as, for example, carbon pricing, which covers
carbon emissions irrespective of domain.
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6. Conclusions and future research

Ina more general perspective, this thesis informs about aspects of sustainable
production and consumption, so that policies may be created appropriately.
In particular, this thesis shows how the Swedish industry contributes to
transitioning to a carbon-neutral society under the impact of the EU ETS and
how environmental household consumption behaviours in industrial
countries relate to each other.

The findings of the thesis support the dynamic efficiency of the EU ETS
in Sweden and indicate that regulated firms do in fact develop new mitigation
technologies. Low-carbon organisational innovation has taken place in
Swedish firms from the start of the EU ETS. Eventually, these organisational
innovations may facilitate the adoption or innovation of low-carbon
technologies. The results indicate that this is the case in Phase Il and Phase
I1. It is reasonable to assume that the reductions of the emission caps,
increased auctioning of allowances and the creation of a market stability
reserve in this phase have contributed to this result. These results support the
weak version of the Porter hypothesis.

Although low-carbon innovation effects are found, this has not translated
into a reduction of CO; emissions or CO, emission intensity. Firms might
have invested in low-carbon technologies and organisational structures
already, expecting a more stringent policy regulation in the future.
Reductions in CO; emissions can then be expected in the future. This
assumption is supported by the large overallocation of emission permits in
Swedish firms throughout up until 2015 and its beginning decrease since
2016. Thus, the emission constraint could become binding in the future.
Further research including data that are more recent will be necessary to
support this assumption and to tell whether emission reductions are achieved
towards the end of Phase IlI.
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The thesis’ results do not support the concern that the EU ETS is a burden
on Swedish firm’s competitiveness. Whether this is because early innovation
gains make up for additional costs of carbon pricing or because the emission
cap was not binding for the largest part of the existence of the EU ETS in
Sweden could be the subject of another study.

Currently, stacking two policy instruments — introduced at different
political levels but with similar aims — on top of each other does not inhibit
their respective price signals in Sweden: the EU ETS does not seem to
impede the TGC system’s goal of increasing RES-based electricity capacity.
This is different to, for example, in Germany. There, the Renewable Energy
Sources Act has introduced a feed-in tariff for renewable energies. It has the
same goal as the TGC system, to increase the share of electricity production
from renewable energy sources, but has been argued to be incompatible with
the EU ETS’ goal to reduce GHG emissions in Europe (Ausfelder and
Wagner, 2015; Marquardt, 2016). Scrutinising whether the combination of
policies has unforeseen effects — or is, in fact, counterproductive for
mitigation goals — is an interesting question that should be undertaken in
other European countries. Comparing the design characteristics of national
energy policies and identifying the features that make them compatible with
international energy policies will be a useful exercise, since stacking
environmental policies is a common phenomenon, in particular in the EU.
Many European countries will already have some sort of policy instrument
in place to encourage the reduction of GHG emissions or building of RES
capacity when the EU ETS was introduced.

Turning towards sustainable consumption patterns, this thesis finds that
households’ environmental behaviours tend to be substitutes in most
analysed countries, i.e. if they have an above-average environmental
behaviour in one area, they do not behave as environmentally friendly in the
other areas. On the other hand, WTP for environmental qualities of goods
tend to be considered as complements. In other words, households have a
desire to behave environmentally friendly, but this desire does not translate
into actual behaviours. Policies encouraging green lifestyles should
consequently be broad and cover several domains to not risk negative effects
on non-targeted environmental areas. This analysis gives only a snapshot of
the relation of environmental behaviours, and does not relate to the
environmental policies in place in the different countries. Future research
will have to look at the temporal aspect of green lifestyles and assess whether
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policies aimed at making households behave more environmentally friendly
in specific countries have an effect over time and on non-targeted
environmental behaviours.

A general policy implication from these results for policies supporting
both sustainable consumption and sustainable production is that the policies
need to be stringent in order to be effective. Stringent emission caps seem to
make the EU ETS more effective. Stringent policies aimed at consumers
imply that these policies do not allow consumers to get away with one-
dimensional environmental behaviour and to spoil the environmental efforts
in other domains of their behaviour. Policies that encourage a universal
sustainable lifestyle may be hard to implement and gain public support.
Institutions and infrastructure should facilitate this type of behaviour and
fiscal incentives that encourage consumption per se should be reconsidered.
On an international level, the SDGs give a framework that supports
sustainable lifestyles. The means and instruments to encourage these
lifestyles remain open and up to national governments.
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Popular science summary

Firms invest in emission-reducing technologies, but do not reduce their
emissions

One goal of the Agenda for Sustainable Development is to ‘ensure
responsible consumption and production patterns’. The way firms produce
what they produce affects the environment. Also what we, the consumers,
buy affects the environment. This thesis shows that stricter policies are
required to make production and consumption patterns more sustainable.
One of the most recent and most threatening global environmental problems
is climate change. To fight climate change, the EU has established a policy:
the emission trading system. It requires firms to pay for the greenhouse gas
emissions that they cause. This has made Swedish firms invest in
technologies that reduce greenhouse gas emissions. Sadly, the new
technologies do not seem to reduce the emissions of these firms. If we want
to stop climate change, firms have to produce with lower emissions. The
design of the emission trading system has become stricter over the years: it
sets lower emission caps now than when it was introduced in 2005 and firms
have to buy the right to emit rather than receiving the right for free. With
increasing strictness, Swedish firms have become more innovative. There is
hope that these low-carbon innovations turn into emission reductions in the
upcoming years.

Firms provide us with what we want to buy. Many of our everyday
decisions are eventually consumption decisions, whether they are considered
or not. For example, ‘What shall we have for lunch?’ requires a decision on
which food to buy: sustainably grown or not? ‘Shall we watch TV to wind
down in the evening?’ invites the question on where the electricity to power
the TV comes from: renewable energy sources or conventional energy
sources?
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Yet, we consider only in some of our everyday decision-making areas
how ‘green’ the decision is. Even though most of us want to behave in an
environmentally friendly manner in all activity areas, in real life we often
make up for one green behaviour in one domain with a not-so-green
behaviour in other areas. What to do if overall environmentally friendly
behaviour and consumption are the social goal but consumers do not act
accordingly? An infrastructure and institutions that make green choices
simpler, and strict policies that do not allow consumers to hide their
environmental sins behind single green behaviours need to be introduced to
encourage us to adopt overall green lifestyles.

Based on the empirical results, the policy designs that regulate production
and consumption can be adapted. What firms and consumers have in
common, besides being two sides of the same coin, is that they require strict
policies to behave more sustainably.

52



Popularvetenskaplig sammanfattning

Foretag investerar i utslappsminskande teknik men minskar inte sina
utslapp

Ett mal med FN’s agenda for hallbar utveckling &r att “sédkerstilla
ansvarsfulla konsumtions- och produktionsménster”. Hur foretagen
producerar vad de producerar paverkar miljon. Aven det vi, konsumenterna,
koper, paverkar miljon. Denna avhandling visar att det kravs strangare
policys for att géra produktions- och konsumtionsmonstren mer hallbara.

Ett av de senaste och mest hotande globala miljoproblemen &r
klimatférandringarna. For att bekdmpa klimatférandringarna har EU
uppréttat en politik: systemet for handel med utsl&ppsrétter. Det kraver att
foretagen betalar for de véxthusgasutslapp som de orsakar. Detta har fatt
svenska foretag att investera i teknik som minskar utslappen av véxthusgaser.
Tyvérr verkar inte den nya tekniken minska utslappen fran dessa foretag. Om
vi vill stoppa klimatforandringarna maste foretagen producera med
minskande utslapp. Utformningen av systemet fér handel med utslappsréatter
har blivit strangare med aren: det satter lagre utslappstak nu an nar det
infordes 2005 och foretag maste kdpa ratten att slappa ut snarare &n att fa
utsléppsratter gratis. Med 6kande strikthet har svenska foretag blivit mer
innovativa. Det finns hopp om att dessa koldioxidsnala innovationer
forvandlas till utslappsminskningar under de kommande aren.

Foretag ger oss det vi vill kopa. Manga av vara vardagliga beslut ar i
forlangningen konsumtionsbeslut, oavsett om de beaktas eller inte. Till
exempel ”Vad ska vi éta till lunch?” kriver ett beslut om vilken mat man ska
kopa: hallbart odlat eller inte? "Ska vi titta pd TV for att vila pa kvallen?"
innebar fragan om var elen TV: n drivs av kommer ifran: fornybara eller
konventionella energikallor?
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Anda beaktar vi bara i vissa av vara vardagliga beslutsomraden hur
”gront” beslutet ir. Aven om de flesta av oss vill upptrada miljovanligt i alla
aktivitetsomraden, kompenserar vi i verkligheten ofta for ett gront beteende
inom ett omrade med inte sa gront beteende i andra omraden. Vad ska man
gbra om det Overgripande miljévanliga beteendet och konsumtionen &r det
sociala malet men konsumenterna inte agerar i enlighet darmed? En
infrastruktur och institutioner som gor gréna val enklare och strikt politik
som inte tillater konsumenter att délja sina miljosynder bakom enstaka gréna
beteenden maste kanske inforas for att uppmuntra oss att anta en mer
Overgripande gron livsstil.

Baserat pd de empiriska resultaten kan policydesignerna som reglerar
produktion och konsumtion anpassas. Det som foretag och konsumenter har
gemensamt, férutom att de ar tva sidor av samma mynt, ar att de kraver
striktare politik for att upptrada mer hallbart.
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