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Abstract: A higher price of CO2 emissions is required to enhance the industrial transition and
investment in low-carbon technology. However, the specific mechanisms to tackle the risk of
carbon leakage and create an attractive environment for green investment are highly contested in
the academic literature. Opposing perspectives regarding the appropriateness and desirability of
government intervention in the economy result in different approaches to the decarbonisation of
industrial processes. This research builds on existing academic knowledge in the fields of carbon
leakage, induced innovation and government intervention to assess the effects of a carbon tax in
the industrial cluster of the Port of Rotterdam within the context of a carbon tax on industrial GHG
emissions proposed in the Dutch National Climate Agreement. The main finding of this study shows
that investment leakage constitutes the main threat instead of carbon leakage in the face of a higher
carbon price. Regarding the theory of induced innovation, limited abatement options are available
for the industrial cluster and there is the need to scale up existing technologies. Lastly, to both tackle
the risk of investment leakage and enhance the scaling up of low-carbon technologies, government
intervention in the form of regulations, subsidies and enabling conditions is vital.
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1. Introduction

In the next two to four decades, CO2 emissions from the use of fossil fuels needs to be eliminated
and the large amount of CO2 that is already in the atmosphere needs to be removed, to prevent the
Earth’s temperature from rising above 2 ◦C. The industrial sector accounts for over a third of the
global CO2 emissions, and was responsible for nearly two-thirds of their increase in 2018 reaching an
all-time peak [1]. Energy-intensive industries (EIIs) are the most polluting sub-sectors, accounting
for 64% of the total industry emissions [2] and 30% of the global GHG emissions [3]. Efforts aimed at
curbing industrial CO2 emissions can have broad positive and negative impacts. Among the most
accepted policies to enhance the industrial transition and curb CO2 emissions is carbon pricing, a policy
instrument aimed at internalising the costs of emitting CO2 under the polluter pays principle [4–8].
The economic literature suggests that if the externalities of CO2 emissions are included in the cost
structure within firms, they will see them as a resource for production, creating an incentive to reduce
their use. The theory of induced innovation builds on Hicks’ notions [9]. He noted that when one
production factor increases its costs, firms have an incentive to innovate by finding new ways of
making a more efficient use of that resource or replacing it by a new production input.
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In the context of industrial transition and carbon pricing, CO2 emissions represent the resource
that increases its price, creating an incentive for firms to make less intensive use of this resource
or innovate new technology that will replace it [10,11]. However, the hypothesis of carbon leakage
suggests that the opposite could happen, and firms facing a higher CO2 price would relocate operations
to less-regulated regions where production costs are lower and investments lower [12–15]. As most
countries’ economies are highly sensitive to industrial activity, the threat of carbon leakage and its
effects on the economy and the environment has kept many legislations hostage of the business as
usual regular way of working, and there have not been significant increases in the price of CO2 nor
reductions in the emission levels [15,16].

This study assessed the applicability of both the carbon leakage hypothesis and the theory of
induced innovation in the context of a carbon tax on industrial GHG emissions proposed in the
Dutch National Climate Agreement. The case study used in this research was the industrial cluster
based at the Port of Rotterdam (PoR), and the research aimed to assess the effects that such a tax
has in its competitiveness, by analysing both the risks of carbon leakage and the opportunities for
the implementation of low-carbon technology. Furthermore, this research unveils and explains the
relationships between these concepts in the context of the case study. The industrial cluster of the
PoR constitutes an interesting case to test the applicability of these theories and perform this study.
Over 20% of the CO2 emissions of The Netherlands are produced in Rotterdam, particularly from
the port area. The port’s industrial cluster is comprised of, to a great extent, companies operating
in the energy and CO2-intensive sectors. With more than 45 petrochemical companies and five oil
refineries, the PoR is one of the world’s largest oil and chemical centres [17]. The PoR is a vital and
strategic actor in the economy of the city and the country. Considering direct and indirect employment,
it currently employs over 384,500 people and provides a total added value of 45.6 billion euros to the
Dutch economy. These figures represent 4.2% of the total Dutch employment and 6.5% of the GDP
of The Netherlands, respectively [17]. Many aspects inherent to the PoR and the context in which
it is comprised facilitate the implementation of low-carbon technology. The economies of the scale
associated with an industrial cluster, and the infrastructure and logistics services that have developed
around it, have facilitated operational aspects that make it possible to implement low-carbon technology.
The existence of knowledge hubs specialising in low-carbon technology, and close connections with
academia and think tanks, create favourable conditions for innovative developments, testing and
managing of low-carbon technology.

2. Background

2.1. Decarbonisation of Energy Intensive Industries (EIIs)

The EIIs are subsectors industries compounded by oil refining, steel, petrochemicals, cement,
ceramics, glass, paper and pulp production [16]. EIIs provide the materials on which modern societies
rely upon, forming the base of the economy [3]. There are three common characteristics of EIIs. First,
the presence of economies of scale, which leads to both large-scale processing plants and the emergence
of industrial clusters [18]. Second, there are high energy inputs that are required in the processes
that transform natural resources into basic materials, resulting in large GHG emissions [16]. Third,
high capital intensity as a consequence of large investments in infrastructure and technology with
payback periods of between 20 to 40 years, which provides few windows of opportunity to change
technology [16,19]. These conditions create high barriers to market entry and exit, resulting in a
small number of well-established multinationals owning factories around the world, and having a
dominant position in the supply of basic materials [16]. Partly due to these characteristics, EIIs face
greater difficulties in the decarbonisation challenge than other industrial sectors as the best available
technologies (BATs), even when applied on a large scale, can only curb emissions between 15–30%
at best [3,15]. Åhman et al. [15] explain that EIIs compete mainly on volume and price within the
international commodity markets. Therefore, differences in carbon prices resulting from dissimilar
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emission reduction goals of legislations affect them considerably, influencing a firms’ location and
investment decisions. However, the authors note that these decisions are also influenced by a myriad
of other factors, such as the macro-economic conditions, political stability, transport infrastructure,
labour legislation, access to markets and feedstock and industrial policy, among others.

Despite the increasing pressure from local stakeholder groups on policymakers to regulate EIIs
more stringently, the GHG emission control has been to date lenient, with the intention of safeguarding
the sectors’ economic competitiveness. Policies regulating EIIs have focused on incremental rather
than radical innovation even though it has been clear for decades that the latter is required in order to
bring about significant product, process and systems transformations, that dominant industries are
capable of incrementally developing [3]. Voluntary and negotiated agreements have been achieved,
although they have so far been ineffective because the industry sector often compromises only with
what they can achieve within the business as usual limitations [3,20].

2.2. Competitiveness and Carbon Leakage

The hypothetical reduction of emissions resulting from the implementation of carbon pricing
policies would take place through the substitution of domestic production by changing the processes
to make them produce less CO2 emissions or importing the final products, or through the complete
relocation of industries. Droege [19] has identified four categories which include factors that drive the
relocation of emissions and investment resulting from carbon pricing.

• First, the impact of the carbon price on sectors’ cost structure in the form of both direct costs, like the
price paid for ETS or taxes on carbon, and indirect costs, that arise when upstream processes
pass-through the carbon costs to downstream firms, particularly in electricity generation.

• Second, the ability of a sector to pass-through increased costs, which is determined by many factors
that are unique to each sector. These factors include the level of competition and product price
adjustment, the price elasticity of demand, the differentiation of products or services, demand
trends, flexibility for substituting inputs, trade flows and transport costs.

• Third, the abatement potential of a sector which represents the alternative option for EIIs to
pay the price for carbon emissions, as long as new and appropriate technology is available,
and implementing it not extremely expensive.

• Fourth, the regulatory and policy environment are important determinants for investment, as they
represent the long-term expectations, contracts and the particular costs and pricing environment.
Firms must rely on the available knowledge about options and risks, and the foreseen interactions
between political support and future business opportunities.

As explained by Åhman et al. [15], even when empirically unproven, the carbon leakage
hypothesis and competitiveness concerns have been an important policy challenge and barrier for
EIIs decarbonisation. Climate policy has been globally unable to provide long-term certainty and
transformative responses that are required for EIIs decarbonisation. Instead, implemented policies
have enhanced energy efficiency and focused on marginal emission abatement.

Most EIIs have been protected from cost increases through the free allocation of permits,
tax exemptions and compensation schemes at the expense of the policies’ efficiency. The numerous
exemptions and free allocation of permits have failed to make EU ETS an effective instrument,
as emissions from the industrial sector have not decreased since 2012, and are not predicted to do
so until 2030. EIIs have also received large amounts of free emission allowances, which has resulted
in large profits from a system that is meant to make polluters pay [21]. As a consequence, over 90%
of industrial carbon emissions take place with no costs to the firms. The deep decarbonisation of
EIIs requires globally coordinated action to allocate sufficient resources, enhance technology transfer,
and avoid both unfair competition and carbon leakage [15].

Most ex-post empirical studies have found no statistically significant effects of carbon pricing
policies at different dimensions of competitiveness [22–24]. There is also no evidence of statistically
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significant effects regarding carbon leakage. Arlinghaus [4] reviewed the literature analysing the
empirical effects of carbon pricing on various indicators of competitiveness of businesses and the various
sectoral levels, her findings of all of the reviewed articles also arrived at the same broad conclusion:
carbon pricing leads to substantial emissions abatement, while not affecting the competitiveness of
firms subjected to the policy. It is important to note that this does not mean that carbon pricing would
never affect competitiveness. However, if carefully designed and implemented, carbon pricing can be
introduced without eroding competitiveness.

2.3. The Theory of Induced Innovation

The concept of induced innovation has been long known. The first insights were given by Hicks [9],
who noted that: “A change in the relative prices of the factors of production is itself a spur to invention,
and to invention of a particular kind—directed to economising the use of a factor which has become
relatively expensive” (p. 124). Innovation is a product of complex mechanisms, it can be analysed
from different perspectives and various assumptions can also be made [25]. Empirical research on this
subject is abundant and it includes a large number of problems that have been tested in order to induce
the innovation hypothesis. Different assumptions on how technology advances and how various
economic forces incentivise new developments which are difficult to assess and control [10]. There
is also an identification problem, as changes in the relative use of inputs can be due to substitution,
technical change or a mix of the two, demanding a highly accurate specification of the production
function [26]. Gans [27] estimated that a more stringent carbon policy would reduce the scale of
carbon-intensive fuel usage, reducing incentives to improve fossil fuel efficiencies. Potential CO2

emission reductions are highly dependent on both the models used, which inherently have limitations,
and the data available, there is no agreement between various studies as to the degree of innovation
that carbon pricing could enhance. However, Kennedy [10], after reviewing various studies, found
clear evidence that the increase in clean technology innovation was higher in the presence of a carbon
tax than without it, lowering the costs of achieving a given level of emissions reduction.

It is important to bear in mind that the social benefits of cleaner technology are far greater than
the private benefits that the firms need to pay in order to implement them, which is a second market
failure. To address both, regulation should include direct emissions policies that put a cap or price on
emissions, and technology-push consisting of policies that enhance R&D investment by, for example,
using the tax revenues as subsidies to R&D and capital equipment investment [28]. Estimations of
the effects of induced innovations in the economy demonstrate a higher economic growth when this
policy combination is taken into consideration than what it would be like when the revenues are not
dedicated to R&D [10]. When taking the social benefits into account, the incentives of carbon pricing
policies to spur innovation are even bigger [10].

Wang et al. [29] developed an original version of the Solow productivity model and analysed
national-level historical data to investigate how energy-efficiency was affected by cost increases.
They found that countries increased their energy efficiency or reduced their energy consumption by
other means when the energy costs represented a larger fraction of the production costs. These findings
were in line with Fried [11] who found that a price on carbon induces large changes in innovation,
amplifying the price incentives induced by the carbon tax and reducing the relative price between
clean energy to fossil energy.

2.4. Regulation of EIIs: Government Intervention in the Face of Carbon Leakage and a Potential for Innovation

Government intervention is crucial in solving environmental challenges that markets are unable,
or to date have been unable to solve on their own. In this modern world the economies and
systems are heavily based on fossil fuels, making any intervention that may alter their business
cases, especially production and trading, an extremely sensitive and complex task, with broad and
unforeseen consequences. The literature regarding the role of the government in the industrial
transition and the appropriateness of regulatory interventions is varied, mostly differing on the extent
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to which government action is required and desirable to guide or induce transformations within
an economy. The approach that has been most used during the last decades has been inspired by
neo-classical economic thinking, which is based heavily on neoliberal ideals, also referred to as the
market failure theory. Guided by this approach, governments have followed economic principles that
encourage market solutions to be used to combat economic challenges, this has restricted government
interventions to provide remedies for market failures [30]. Advocates of the market failure theory
argue that market failures are a necessity but do not provide a sufficient condition for government
intervention [31].

The more radical approach argues that the only way to achieve sustainable and prosperous
development lies in a radical transformation of the economic systems as we know them, and
encourages the government to play a more important role in the economy [30]. This approach follows
Joseph Schumpeter’s ideas that put innovation and creative destruction as the drivers of economic
progress. These notions provide the foundation for the neo-Schumpeterian approach, giving an
alternative role to the government, whose actions and interventions would create and shape markets,
rather than being limited to respond to market failures [30,31]. Furthermore, this stance suggests that
government interventions in the economy is acceptable, desirable and required to achieve low-carbon
emissions [31]. In this context, even though carbon taxes are required to create a more favourable
market for low-carbon technologies, they do not deal with the lock-in of fossil fuel industries [32] or
the lack of finance for innovations to transit from demonstration to market diffusion [33,34].

The objective of this study is to provide insights into the design of policies aimed at the
decarbonisation of industries by assessing the risk of carbon leakage and the conditions under which
the theory of induced innovation would take place in the case study. In particular, this research
addressed a gap in the existing academic literature regarding the role of the government in preventing
and enhancing both forces. In this regard, it addressed the extent to which government intervention is
required and identified points of intervention and mechanisms that would prevent carbon leakage,
while enhancing the industrial transition.

3. Methodology

This study assessed the effects that a carbon tax would produce in the competitiveness of the
industrial cluster of the Port of Rotterdam. According to the theory presented in the previous section,
by increasing the cost of emissions, a carbon tax has the potential to induce both carbon leakage and
technological innovation. An increase in the production costs would reduce the competitiveness of
the businesses operating in the PoR and in turn may provide an incentive for carbon leakage. Pricing
CO2 emissions may also induce technological innovations, both in developing new technologies or
implementing existing ones, in doing so, businesses would gain competitiveness in an ever-closer
low-carbon economy.

This study performed qualitative analysis on a large body of data, which was collected through
13 in depth semi-structured interviews with stakeholders from various organisations, which included
academia, banking, industrial, consulting and the public sectors. Representatives from the following
organisations were interviewed: ABN Amro bank, Royal Haskoning DHV, TNO, Deltalinqs, VPNI
Oil, VNCI Chemical, BP Netherlands, Municipality of Rotterdam, Port of Rotterdam Authority and
the Erasmus University Centre for Urban, Port and Transport Economics. The list of interviewees
can be found in Appendix A. The selection of semi-structured interviewees was devised from both
previous knowledge of the sector by the researchers on the phenomenon being investigated, and the
need to acquire new insights into the variables and sub-variables, in order to investigate potential
unknown relationships between them. The interviews guidelines are presented in Appendix B.
Primary data was triangulated with secondary data to improve the reliability and validity of the
study. Secondary data was collected from different sources covering the subject matter, including
official policy documents from the government, studies commissioned by the government that were
carried out by specialised consulting firms, facts and figures from the Port of Rotterdam Authority
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and academic research that partly overlapped with the scope of this study. Official policy documents
were obtained from the website of the government departments, and information of the PoR from their
publicly available documents.

Given the complexity of the phenomena being studied in this research, the selection of the
interviewee sample aimed at including experts from a broad selection of different sectors. This allowed
the researcher to gather many different perspectives about the impacts of a carbon tax using the
variables and sub-variables that were developed to assess both the carbon leakage hypothesis and the
theory of induced innovation. The analysis of the collected qualitative data was performed with the
software Atlas TI, which allowed for the creation of codes and categories and it made connections
between them. Co-occurrence tables and the query tool were used to show correlations between the
various codes. The operationalisation table with concepts, variables, sub-variables and indicators used
to analyse the data gathered is shown in Appendix C.

4. Results

4.1. Carbon Leakage as Relocation of Operations and Investment Leakage

The industries operating in the industrial cluster of the PoR are characterised by the production of
low-value commodities with no product differentiation, and their trading is based in large volumes
with low margins. This means that the demand for these products is highly sensitive to changes in
prices, which leaves little room for firms to pass-through increases in production costs. Therefore,
a carbon tax represents an incentive for them to relocate to regions with lower production costs.
However, the enormous sunk costs of the firms in the Port of Rotterdam, the long-term commitments
with suppliers and customers and the agglomeration externalities mediate this effect, reducing the risk
of carbon leakage as the relocation of operations, as seen in Figure 1.
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Figure 1. Carbon tax and carbon leakage mediated by sunk costs, advantages and long-term
commitments. Source: Authors, 2020.

Furthermore, the infrastructure and logistic services that have developed around the port also
act as strong barriers of exit, as they add value and efficiency to the industrial operations, which
are unlikely to be found in a different location. The advantages of the Port of Rotterdam are the
reasons why companies have clustered in this location, and they will not change with a higher price of
carbon. There is a highly specialised labour force, it is situated in a strategic geographical location,
and it has a proximity to an intricate and strong network of suppliers and customers, and efficient
logistic services. The pipeline networks that have been built around the PoR are perhaps the most
important feature preventing companies from relocating, as they are known to substantially increase
operational efficiency. In the absence of pipelines, the alternatives that are available for companies to
connect with suppliers and customers would be to ship enormous volumes of inputs and outputs,
which would increase the costs significantly. These features make the real cost of doing business in
Rotterdam difficult to assess as the various businesses benefit from a range of positive agglomeration
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externalities, and the cost disadvantage posed by a carbon tax would have to be extremely high in
order to outweigh all the benefits of the location. This perspective was shared by all interviewees,
as illustrated for example by the following quote: “If you would relocate, you would need 10–20 years
to earn back your investment, at least. What you always have to imagine is, if we were to increase
your carbon taxation here, does the extra penalty that you pay here, where you have all these skilled
workers, supply chain, big volume, does it weigh up against the alternative, for which you basically
need 20 years of advantage?”

There are also arguments from a regional economic perspective against the relocation hypothesis.
The investments and efforts to start operating in a different location are monumental, and many
businesses would probably decide not to take such a large risk, to relocate to other European countries.
The trend in Europe is to make climate policy more stringent, increasing the price of CO2 emissions
within a short time period, which would leave the relocating firm with an equally high CO2 price and
without the benefits of being in the Port of Rotterdam. Thus, the decision to cease European production
altogether makes more sense under this perspective than relocating within Europe. The demand
for fossil-based products is decreasing in Europe, which would support the decision of exiting the
European market, but there are at least two reasons against this argument.

• First, even in the most optimistic decarbonisation scenarios, European economies will remain
reliant on fossil fuels and fossil-based chemicals for at least another three decades, which ensures
a market for that period.

• Second, decarbonisation efforts are leading to the development of new sources of energy and
feedstock, which will surpass fossil fuels and fossil-based products as soon as the technologies
are able to be scaled up. The businesses in the industrial cluster in the PoR are in an extremely
advantageous position to become frontrunners in the production of clean energy and products.
With a long-term perspective, it would make more sense for the firms to invest in adapting their
production processes to clean energy sources and implementing low-carbon technology, instead
of investing in traditional oil refineries or petrochemical facilities elsewhere.

The introduction of a carbon tax in The Netherlands would distort the level playing field for
the firms operating in the PoR, as their production costs will be higher only for the facilities in this
location. This distortion would affect the sub-variable of regulatory and legal framework, reducing
the attractiveness of the PoR as a location for investment, as seen in Figure 2. The following quote
by an interviewee from the Port of Rotterdam Authority explains the rationale behind businesses
investment decisions: “What companies look at is the level playing field. Is my business case, is
my production here better off than anywhere else? Do we have a disadvantage in the Netherlands
compared to Belgium, or to Germany, or to wherever else in Europe?” The companies operating in
the Port of Rotterdam are multinationals with facilities and operations in different regions of the
world. Hence, there is a high risk of investment leakage, as firms will most likely divert investment
to more profitable facilities where production costs are lower, allowing them to get a faster return
on investment. Regardless of the extent to which firms are affected, many of them already have low
operational returns and profits. Facing a cost increase, firms might use the facilities in the PoR as swing
facilities in the short-mid-term, operating them at a lower capacity and reducing their production
levels. In this scenario, companies will sweat their assets and keep operating the facilities as they
are, trying to make the most profit of their remaining operating life, while increasing the investment
and production capacity of facilities in other regions. Facilities in the PoR will continue ageing with
no significant new investment, and keep losing their value until companies potentially decide to
cease operations or recoup their remaining value by, for example, selling them to investment funds.
It is important to emphasise that companies might be subject to clean up bills if they decide to exit,
and these act as important barriers to the cease of operations. At the same time, the scenario in
which the companies sell the assets to investment funds is hypothetical as there are more aspects that
investment funds consider when planning their investment decisions. Faced with a higher price of
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carbon, multinationals are likely to decrease the level of investment in the facilities in the PoR and
increase their investment in less regulated geographical areas where returns on investments are higher.
According to an interviewee from the Port of Rotterdam Authority working with the chemical industry
sector, this is already happening in Europe: “At the moment Europe is lagging on production capacity,
you do not see much new investment. This also means that the facilities are becoming older, and then
you get the challenge that although Europe is known for its energy efficiency in the industry, but with
older facilities you do not get any more efficiency gains. If you make yourself so expensive then you
cannot attract new energy efficient facilities anymore, which would help you in the transition”.
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The analysis shows that the risk of relocation of operations is not as big as the investment leakage.
A recent example of the sensitivity of investment decisions was the INEOS’ investment case. INEOS
is a UK owned multinational chemical firm that decided to make an investment of approximately 3
billion Euros in the industrial cluster of the Port of Antwerp, instead of in the PoR. After a long bidding
battle between both ports, the final decision started a discussion about whether it was influenced by
the environmental stringency of The Netherlands, and the case was used as an example of investment
leakage. However, the CEO of the company stated publicly that the composition of the cluster in the
Port of Antwerp is more favourable for the needs of the company, which ultimately motivated the
decision. Additionally, INEOS already had operations in Belgium and long-standing relations with the
Port of Antwerp. The company employs 2500 people in their nine manufacturing sites in Belgium, of
which six are located in Antwerp (Ineos, n.d.). This example illustrates that firms analyse a myriad
of variables for their investment decisions, with environmental stringency being just one of them.
However, if regulations create an environment that is perceived as unfavourable for a firm’s production
and business, the likelihood that they decide to locate to a different region is high. The distortions in
the level playing field were acknowledged by all the interviewees.

4.2. The Theory of Induced Innovation

In the face of a higher price of CO2 emissions, paying for CO2 abatement might become a more
profitable option for companies than paying for the tax, depending on the availability and costs of
CO2 abatement technology. The data gathered and analysed in this study showed that, in the case of
industries operating in the PoR, there are no readily available technologies that could substantially
abate CO2 emissions, besides carbon capture, usage and storage (CCUS), which is currently being
developed by the Porthos project organisation. In the short term, this is the only relatively realistic
option to abate emissions for the oil refining and petrochemical industries. Nevertheless, although
CCUS technology has been proven and applied, it has never been implemented in an interconnected
and large-scale industrial cluster like the one in the PoR, which makes it a pioneer and very challenging
work. This is a reflection of one of the main barriers to the implementation of low-carbon technology
in industrial processes and energy production.

Although many of the technologies have been around for years, they have not yet been tested in
large-scale industrial complexes. Furthermore, there are many operational challenges associated with
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their implementation that have not been solved. Among the most promising low-carbon technologies
to curb emissions in industrial processes and energy production are green hydrogen and electrification.
Both are real options which will help to abate emissions, but they will only work if the electricity
grid is fully switched to renewables, in order to ensure net-zero emissions in the whole production
chain. Oil refineries need extremely high temperatures during their processes, which are not currently
achievable by only using electricity. Green hydrogen may be a solution, but the conditions have not
yet been created to implement green hydrogen on a large scale. The enormous amount of renewable
electricity needed for its production through electrolysis remains a challenge as there is currently no
such production capacity in The Netherlands. Offshore wind is among the most developed renewable
sources of electricity in The Netherlands, but the various technical aspects regarding bringing the
electricity to the industrial sites, and how to store it on a large scale are still issues that have not
totally been solved. Additionally, there is the need for a legal framework and infrastructure, namely a
hydrogen backbone, which needs to be set up in order to ensure the safe production and transportation
of hydrogen.

The fact that the current costs of abatement options are too high, preventing the technologies to
be scaled up and be made available for mass production, is largely due to a lack of market for new
technologies like green hydrogen and cleaner products. Most of the barriers mentioned above can
be overcome if there is a market for them, which would trigger investments in the development of
solutions for the barriers mentioned. Regulation is perhaps the only mechanism that is able to create
a market for low-carbon products and technologies, as firms will not make investments that are not
profitable within their investment cycles and will not produce goods for which there is no demand.
Analysis has shown that the lack of a market is keeping firms from making favourable business cases,
in order to implement low-carbon technology, which in turn is the main force stopping technologies to
be scaled up.

4.3. Tackling Investment Leakage and Enhancing Low-Carbon Innovation

Government support policies and regulations can buffer the effects of a carbon tax by mediating
the distortion that it induces on the level playing field. For instance, the free allocation of emission
permitted to companies with high risks of carbon leakage in the case of the EU ETS, or the introduction
of a Carbon Tax Border Adjustment in the case of a carbon tax, would reduce the distortion in the level
playing field and consequently prevent the loss of competitiveness and investment leakage to take
place. The composition of the policy mix in which the carbon tax is included is of great importance as
besides penalising emitters, it is able to provide incentives for the industry to invest in CO2 abatement.
Such incentives can be in the form of direct subsidies, tax rebates or exemptions for companies with
undergoing investments in abatement technology. One of the mechanisms by which green investment
is enhanced is shown in detail in Figure 3.
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According to the data gathered, a carbon tax will provide the certainty of the future carbon price
required by businesses to plan their investment decisions. The extent to which this enhances the
perception of The Netherlands, and consequently the PoR, as a place with stable and clear regulations
is mediated by the regulations included in the policy mix. This was clearly pointed out by an interview
from the Port of Rotterdam Authority working on strategic environmental management: “If the
instrument is clear, there are pathways, subsidies, a mix of instruments, which is focusing on building
up and implementing new technologies, then the companies feel secure and they will invest. That
is what we need as PoR. We need an interesting investment climate in The Netherlands and in
Rotterdam. The mix of instruments should work for building up new technologies and reducing
CO2 emissions”. Without regulations protecting the industry from international competition, other
businesses will not perceive The Netherlands as stable country for investment. However, in the
presence of clear penalisations and protection measures, the sub-variable stability of a regulatory
environment will be enhanced. The extent to which it translates into an increase in its attractiveness as
a location for investment is mediated by the support policies implemented with the carbon tax. If the
support policies are aimed at scaling up the existing low-carbon technologies are also implemented,
their combination with a stable regulatory environment will trigger green investment, which in turn
will increase the competitiveness of the PoR by becoming a frontrunner in low-carbon production.
This makes government support a vital element to create an attractive place for investment. Without
it, a carbon tax could only be seen as a barrier for industrial activity and an incentive for investment
leakage. According to the data gathered, although the most direct mechanism for government support
is making public funding available through subsidies, it can also enable conditions for green investment
by, for example, making sure that the infrastructure required as a pre-condition for the implementation
of low-carbon technology is in place. For instance, building a hydrogen backbone, infrastructure for
CCUS, or building a large-scale deployment of offshore wind would give clear signals and certainty
to companies that the government is aligned and committed with the industrial transition. Figure 4
shows the detailed mechanisms by which regulation can enhance the competitiveness of firms and
prevent carbon leakage.
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When there is a market, firms will create business cases to satisfy the demand by innovating
with new products or implementing new technology in their production processes. Product
differentiation and the implementation of low-carbon technology in production processes will increase
the competitiveness of the industries in the future low-carbon economy. Given the relatively small
scale of the Dutch industry, the regulations should be implemented at a European level. An example of
these sort of regulations can be found in the EU regulations for biofuels, which created a demand for a
new product that would have not been created by the market on its own. As a result, companies have
adapted part of their production processes to comply with the regulations and in order to satisfy the
demand. Similarly, regulations are required to create a market for both cleaner products and energy
resources, such as green hydrogen. For example, there is 1.3 Mt per year of grey hydrogen being
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produced currently in The Netherlands. If a regulation forced at least 10% of the hydrogen produced
to be green, businesses would follow suit and satisfy the demand. The production of new products, or
innovations in production processes of existing products, would enhance the competitiveness of the
firms in the ever-closer low-carbon economy. The extent to which businesses are able to implement new
production methods is to a great extent mediated by whether the conditions for their implementation
are in place. For example, production method alterations, such as green hydrogen or the electrification
of the production processes, require either that the electricity grid is completely switched to renewables
or dedicated offshore wind electricity production, which is able to ensure zero emissions in the
whole chain. If these conditions are not in place, the implementation of the new technology as a
consequence of newly created demands will not take place. Additionally, product differentiation
allows for businesses to pass-through the increased production costs which would in turn act against
carbon leakage. Figures 5 and 6 show a summary of the relationships found between the variables and
sub-variables of carbon leakage and the theory of induced innovation with government intervention.
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Figure 5 shows that government intervention in the form of regulations, funding and enabling
conditions play a key role by mediating the effects of different variables of carbon leakage and
investment leakage. As mentioned earlier in this text, the protection of industries with a carbon border
tax adjustment (CBTA) can buffer the effects of an increase in production costs and prevent investment
leakage taking place. This mechanism would also provide certainty for the future price of carbon
that is needed by businesses to plan their investment decisions. Subsidies and enabling conditions
mediate the effect between abatement potential and investment leakage, as they tackle two of the most
important barriers for the implementation of abatement technology. Lastly, the creation of markets
enables companies to innovate in new products or production processes, as product differentiation is
one of the mechanisms that is used by firms to pass-through increases in production costs.

In Figure 6, organisational innovation is modelled as a precursor for product and process
innovation, as they come as a consequence of a shift in a business model, vision or goals. Organisational
innovation take place after a company perceives that their investments are safe, for which a regulation
like a CBTA is required. Once any business can make a favourable business cases for new products or
the implementation of low-carbon technology, product or process innovation can take place. This will
translate into a green investment, as companies would need to implement low-carbon technologies
to comply with regulations and satisfy the newly created demand. In a context in which European
environmental policy is becoming more stringent, companies that act as first movers will increase their
competitiveness and create momentum for the decarbonisation of the European industry.
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5. Discussion

This study was aimed at developing and applying a framework to assess the implications of the
implementation of a carbon tax on the industrial cluster for the Port of Rotterdam by analysing two
potential effects. This research tested the carbon leakage hypothesis by assessing the extent to which a
higher price of carbon, represented by a carbon tax, would affect the competitiveness of the industries
operating in the PoR and whether it would induce carbon and investment leakage. It also assessed the
extent to which a carbon tax could enhance technological innovation aimed at the implementation
of low-carbon technology and the decarbonisation of these industries. Additionally, this research
aimed at understanding the role of the government in both preventing carbon and investment leakage
and creating an attractive environment for green investment. As presented in the previous section,
government support was found to have a mediating effect in buffering the distortions induced by a
carbon tax in the level playing field, with regulations that protects the industries’ competitiveness.
Government support is also required to create an attractive investment environment, preventing
firms from diverting investments to other regions and incentivising them to invest in low-carbon
technologies in their facilities in the PoR. There was consensus among the interviewees in that the
current policies in Europe are focusing almost exclusively on penalising emitters, and do not provide
sufficient support to the industrial sector to make the transition.

Another point of discussion lies in the uneven distribution of abatement costs among the various
industries and facilities. There are only a few firms that currently have cheap abatement options in The
Netherlands, these businesses are better equipped to bear the higher carbon costs and might also be in
line for subsidies in order to implement these low-carbon technologies. For instance, in the case of
oil refineries, the only facilities with relatively cheap abatement options are those who already have
hydrogen production units, which give them a comparative advantage over the rest of the refineries.
Consequently, if the government introduces a subsidy on the implementation of green hydrogen,
these companies will have a greater chance of receiving the funds as they already have hydrogen
production units and are closer to fully implementing the technology. If a subsidy scheme is not
carefully designed, it could lead to the subsidies only benefitting a few companies that have cheap
abatement options and leaving the rest to bear the costs of the carbon tax. Similarly, the decision on
which technologies are to be subsidised is also controversial, as several abatement technologies for
the industrial cluster were identified in the collected data. Subsidies can also distort the market and
benefit some technologies over others with the same abatement potential. This links to the criticism of
government intervention that was presented in the background section of this paper, which suggested
that, by providing subsidies, the government would be picking winners and losers. This is not to
deny the findings of this research, which consistently put government intervention as having a key
mediating role to both prevent carbon and investment leakage and inducing the implementation of
low-carbon technologies. The findings are also in line with and validate the SDE++ subsidy scheme
that was implemented in The Netherlands, promoted by the ministry of economic affairs and climate
with the aim of stimulating sustainable energy production and supply. The production of renewable
electricity lies at the core of most of the low-carbon technologies, and there is a need to accelerate
switching the electricity grid to renewables as much as possible. If electrification or green hydrogen
are produced with electricity from fossil sources, the effects could lead to an increase in the total
emissions. As stated by one of the interviewees, “electrification would require an enormous and not
realistic deployment of low-carbon electricity. Currently we are decarbonising the power mix that we
need simply for our current electricity demands. So, if you are going to add other electricity options,
the power still needs to come from somewhere. The same goes for what we call green hydrogen, it is a
perfect example”.

The fact that the abatement cost curve presents an exponential growth, with an increasing
marginal abatement, has implications for the decarbonisation of industry in The Netherlands. Given
that the industrial sector of the country is technologically advanced compared to the rest of Europe,
the abatement cost curve for the Dutch industry probably makes it as or less attractive to invest in
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than in other countries. With this perspective, it makes more sense from the cost-effectiveness of CO2

abatement to invest primarily in other countries before starting to invest in the decarbonisation of The
Netherlands. Then, for the industries in The Netherlands to be ahead of the curve and among the
10% best performing industries in Europe, it will require higher investments than in other European
countries. This would involve strong support schemes and investing in it as a society. In terms of
where it makes more sense to make the first investment in curbing CO2 emissions at the European
level, The Netherlands is not necessarily the priority country. The lowest abatement costs are currently
in banning coal in countries like Germany and Poland, and the more advanced industrial transitions
lies further down the line.

There are also concerns about the development and use of CCUS, as it can slow down the
development of other technologies. For instance, projects like Porthos need to develop a business
case in order to be developed and implemented. This means that companies need to be fully behind
the changes and sign contracts and be totally committed to delivering CO2 to Porthos and store it
under the North Sea. The danger lies in the fact that the companies will be legally committed to
keeping using fossil fuels and paying to store the emissions when they could be investing that money
in scaling up clean technologies or the generation of renewable electricity. Although there is wide
consensus in that CCUS is the only feasible option to abate emissions in the industrial cluster at the
PoR in the short term, there is the need to find ways that ensure that it will not delay the scaling-up
of low-carbon technologies that do not use fossil fuels. It should be noted that many of the aspects
of scaling up low-carbon technologies are based on the assumption that businesses collaboratively
finance projects aiming for a common goal. Nevertheless, the very nature of a business operating
and trading in competitive scenarios is to develop technology and production techniques to be used
for themselves, not to be shared with the competition. If there are efficiency gains or cost reductions
from developing, scaling up and implementing technology, companies will want to have that as a
competitive advantage against the competition. However, recent developments, such as the Porthos
project, show that it is possible to develop joint projects involving competing firms. An assessment and
analysis of the drivers of cooperation between firms would shed light on which factors are involved in
this cooperation, which would, in turn, make it possible for policymakers to enhance them.

With regards to the literature upon which this study was built upon, there are also several points
of discussion. The variables and indicators used in this research to assess the risk of carbon leakage
were based mainly on the drivers identified by Droege [19]. This research validates these as important
and appropriate drivers to assess the risk of carbon leakage from an industrial cluster. Perhaps the
most important finding related to carbon leakage and the theory presented in the background of this
paper is that investment leakage is the main threat in the face of a higher price of carbon. A cease of
production in Rotterdam and a subsequent relocation of operations are unlikely, given the benefits that
firms gain from the agglomeration externalities and the enormous sunk costs that they have already
invested into this location. Even though there was no scientific proof found of carbon leakage or
losses of competitiveness in empirical ex-post studies [4], the findings of this research suggest that
investment leakage is a real possibility in the case of a carbon tax implemented with no protection to
incumbent industries. In the case of the industrial cluster of the PoR, the growth of firms in terms of
production capacity will occur in facilities located in less regulated regions, where investments are
more profitable. However, the current instruments used to protect incumbents from carbon leakage
have received many critics, mainly because currently in Europe businesses are still not paying for the
emissions, making the policies ineffective. Furthermore, businesses receiving free allocation permits
have passed-through their opportunity cost to the price of the products, which have resulted in windfall
profits for the various businesses [19]. This highlights the importance of the design of the regulations
aimed at protecting the industry and the need to increase the price of fossil-based products for the
whole European market, with a mechanism such as the CBTA.

An interesting finding involved the certainty of the future price of carbon that is required for firms
to plan their investment decisions. Setting a floor to the price of carbon could provide a competitive
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advantage for firms in The Netherlands. The regulatory environment would be providing businesses
with extra certainty, preventing them from investing at the wrong point in time and reducing the risk
associated in their investment decision. By introducing price certainty, the investment decisions that
businesses make will be at lower costs. This reduction in uncertainty will lead to a reduction in the risk
associated with the investment, and it also means that investors would be able to finance businesses at
a lower rate. For instance, banks price the risk when financing businesses determining who pays what
premiums according to the level of risk. If the risk is too high, banks might not even provide financing
at all. To further reduce the risk, a price ceiling would also be necessary. Just as when carbon prices fall
below the price floor they do not provide businesses with an incentive, the opposite also holds true,
prices skyrocketing can also have detrimental effects, it would cause firms to rush to make investment
decisions that they might regret when the price returns to normal levels.

If a minimum and maximum carbon price was introduced, businesses would both be incentivised
to invest in low-carbon technology, and they would be protected from incorrect price signals that may
lead to incorrect investment decisions. As pointed out previously in this paper, EIIs make investments
with a long-term perspective. As such, long-term carbon prices are more relevant than current carbon
prices and that is what drives the majority of the investment decisions. With this in mind, as long as the
price of carbon increases by a given factor over time, firms will consequently have a different approach
to investments. This certainty and predictability of the future prices of carbon would encourage them to
invest in green technology. Regarding the theory of induced innovation, the findings are consistent with
related work on the topic, but this research has expanded the scope by including more insights. First,
the literature reviewed tends to ignore or overlook the costs involved in technological development and
innovation, which, in this case study, proved to be enormous. In this case study, instead of innovating
or paying tax, companies or branches of multinationals can become bankrupt if their profits before
tax are too slim. Indeed, many of the facilities in the PoR have abatement options that greatly exceed
their profits when represented as EUR/ton CO2, leaving them without options to avoid paying for the
higher price of carbon. Second, there is no consensus in the literature about whether a higher price
of carbon could enhance or be detrimental for the industrial transition. The findings of this research
suggest that a higher price of carbon is necessary, but it will not create a sufficient condition to initiate
the decarbonisation of the industry. Furthermore, this study concludes that a carbon tax on its own
will not enhance the industrial transition of the companies operating in the PoR towards low-carbon
production and could instead induce investment leakage. However, the findings also suggest that in
presence of support mechanisms, firms are willing to invest in low-carbon technology.

There is an important distinction that can be made between the various sorts of funding
mechanisms. This research highlights the importance of scale-up funding rather, than R&D funding,
to accelerate the industrial transition. However, data suggests that the efforts of private and public
sectors have been mainly focused on R&D funding. As stated in previous sections of this paper,
the technological developments of low-carbon technologies are currently in place like the CCUS,
green hydrogen and offshore wind, and the technology is to a certain extent mature. What is needed
for its implementation is to scale it up and test it in large scale industrial complexes, which requires
different kinds of funding mechanisms. Lastly, the findings of this study confirm that markets on their
own will not be able to provide the necessary incentives for industries to initiate the transition with
any great speed. The forces keeping business as usual are strong, and the lack of demand for cleaner
products and technologies is preventing the new technologies from being scaled up. This translates
into extremely high costs of low-carbon technology, making it impossible for firms to make favourable
business cases for their implementation. These results are in line with the neo-Schumpeterian approach
to government intervention, which gives governments an active role letting them create and shape
markets, rather than just fixing market failures [30,31]. Furthermore, the results of this research
suggest that government intervention in the economy is acceptable, desirable and required to achieve
a low-carbon development and the decarbonisation of industry.
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It should, however, be pointed out that, within the European context, the Treaty on the Functioning
of the European Union refers to government support as state aid, which can be in the form of grants,
interest and tax reliefs, guarantees, government holdings of all or part of a company, or providing
goods and services on preferential terms [35]. The Treaty generally forbids state aid, unless it is justified
by reasons of general economic development, and it leaves room for a number of policy objectives
for which state aid can be considered acceptable [35]. In a 2014 reform, the European Commission
has introduced changes to the state aid rules aiming at boosting investment in innovation and R&D.
The new rules were aimed at giving countries the flexibility to invest in, for example, innovation clusters
or broadband infrastructure [35,36]. The most recent changes in the area of state aid are currently
being introduced as part of the European Green Deal, a set of policies that aim at climate neutrality by
2050. The overall objective is decarbonising the energy sector and supporting the industrial sector to
innovate and become a world leader in the green economy [37].

6. Conclusions

The carbon leakage hypothesis has been assessed for industries operating in the industrial cluster
of the PoR, and the analysis focused mainly on oil refining and petrochemical production. The main
findings were that investment leakage is a far more serious threat than carbon leakage and relocation of
operations. There enormous sunk costs, long term commitments with suppliers and customers, the high
operational efficiency facilitated by the infrastructure and logistics and agglomeration externalities
mediate the effect of a carbon tax in the cost structure of firms and would prevent them from relocating.

The theory of induced innovation has potential to materialise in this case, but subject to government
support. Many of the facilities in the PoR have abatement options that greatly exceed their profits when
represented as EUR/ton CO2, leaving them without options to avoid paying for a higher price of carbon.
A carbon tax on its own will not enhance the industrial transition of the companies operating in the
PoR towards low-carbon production, and could instead induce investment leakage. This research also
showed the willingness of businesses to invest in low-carbon technology and are behind accelerating
the industrial transition, but only if they can make favourable business cases. The instruments to
incentivise the industry that were present in the data collected included direct subsidies, grants and
enabling conditions for the implementation of new technology. The industrial cluster of the PoR
has the appropriate scale to become a frontrunner in the testing and implementation of low-carbon
technologies, such as green hydrogen. It currently has an offshore wind power grid, large and highly
emitting industries, pipeline networks and CCUS facilities. These are important factors to implement
this new technology and enable it to rapidly create a market for it. According to the data gathered,
the scale is the most important feature when it comes to creating a favourable business case for green
hydrogen and bringing the costs down. That scale can be found in a place along the coast, where there
are transportation infrastructure, large industries, carbon emissions and the know-how to implement,
maintain and manage the new technology.

Regarding future research opportunities opened up by this study, it would be interesting to widen
the sample of stakeholders, which could give new perspectives on the implications of introducing
a carbon tax. This would enable a more complete identification of factors that need to be taken into
consideration in order to devise new regulations and advise the government as to how it can support
and enhance the industrial transition while protecting the local economy. Further, a more in-depth
analysis could be performed identifying the various facilities that are currently running and would
be required to run in the industrial cluster of the PoR in order to identify the abatement potential
of each one. This would allow to monetise the investment required to implement the appropriate
low-carbon technology and comply with the national or European reduction targets, or to bring the
facilities in the PoR to the 10% best performing industries in Europe, pushing the industrial transition
forward. Additionally, it would provide a close estimation of the costs that the new technologies would
require for companies to be able invest in and thus not only remain in business but on a stable footing.
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These estimates can then be used by decision-makers, as they provide information about the amount
of subsidy that would be required to clean the entire production of the industrial cluster of the PoR.

As mentioned earlier in this study, as long as there is no market for cleaner products, companies
will not make the necessary investments that are required to produce them. Further research aimed
at disentangling the complexity behind the creation of new markets would help to shed a light on
the disruptions that would be created within the existing markets. It would show how directly
and indirectly they would impact stakeholders, such as suppliers, customers and related industries,
and what the impact would be on the prices of goods for the end consumers, national and international
trade lanes, and how it would affect the regional economy. Further research is also required to
identify and develop pathways to overcome the most pressing barriers for the scaling up of low-carbon
technologies, such as green hydrogen and electrification. On the one hand, this could be researched by
exploring the possibilities of producing, transporting and obtaining the required capacity for renewable
electricity to industrial sites. On the other hand, what the possibilities are for importing it from regions
with better natural resources and conditions for its production, like the possibility of solar energy,
should also be explored. There is a need to assess the absolute generation potential in The Netherlands
and project the extra demand that would be induced by fully switching to a green electricity grid and
decarbonising the industry. Comparing these results will give an estimation of the total amount of
green electricity that needs to be generated or imported. According to the findings of this research,
the full potential of renewable electricity generation in The Netherlands is not enough to support a full
industrial transition, which is one of the most important barriers in the decarbonisation of the industry.
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Appendix A

Table A1. Interviewees List.

Nr Name Organisation Sector Position

1 Bart Kuipers Erasmus UPT Academia Senior researcher port economics

2 Wouter Jacobs Erasmus UPT Academia Senior researcher port and
regional economics

3 Arnold Mulder ABN Amro Banking Sector banker energy
4 Juriaan Mieog Royal Haskoning DHV Consultancy Associate director

5 Lennart van der Burg TNO Consultancy Business development manager
green hydrogen

6 Diederik Kuipers Deltalinqs Industrial Project engineer climate program
7 Erik Klooster VPNI—Oil industry Industrial Director
8 Martjin Broekhof VNCI—Chemical industry Industrial Head of energy & climate
9 Cornelious Boot BP Netherlands Industrial Head of government affairs

10 Lieuwe Brouwer Municipality of Rotterdam Public Energy transition of the port
industrial area

11 Alan Dirks Port of Rotterdam Authority Public Program manager at the policy
and planning department

12 Huibert van Rossum Port of Rotterdam Authority Public
Energy transition, external affairs
& strategic environment
management

13 Joris Hurenkamp Port of Rotterdam Authority Public Business manager chemical
industry
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Appendix B. Interviews Guidelines

Part 1: Introduction

Q1: How long have you been working in this field?
Q2: Have you evaluated (quantitatively or qualitatively) the effects of environmental regulation

in your sector?

Part 2: Carbon leakage

- Cost structure

Q3: Could a carbon tax substantially change the cost structure of the firms operating in the PoR?
Q4: Could higher electricity costs substantially affect the cost structure of the firms?
Q5: To what extent could the existing installed capacity lose value in a low carbon economy?
Q6: To what extent could the sunk costs (infrastructure-machinery) act as a barrier of exit if firms

want to relocate?
Q: How likely is for firms to relocate as a consequence of higher costs of emissions?

- Cost pass-through

Q7: What are the main drivers of competition in the industries operating in the PoR? Do they
compete mainly in international markets?

Q8: How sensitive is the demand to price increases in the product?
Q9: Is the demand for the products currently increasing, stagnant or declining?
Q10: Do the industry present opportunities to create product differentiation?

- Abatement potential

Q11: Are there low-carbon technologies available that have not been implemented in the
production processes?

Q12: (If yes) What is the main reason why they have not been implemented?
Q13: How likely is that a carbon tax enhances firms’ investment in clean technology?
Q14: How likely is that the investment on low carbon technology increases the firm’s (sector’s)

revenue in the mid-long term?

- Regulatory environment

Q15: Do you consider the implementation of a carbon tax as a credible long-term certainty for a
price of carbon?

Q16: (If yes) Could this certainty bring about an increase in investment in low-carbon technology?
Q17: To what extent could a carbon tax be perceived as a threat for the firms and future investment?
Q18: To what extent could a carbon tax increase the industries’ competitiveness in the

mid-long term?

Part 3: Induced innovation

- Product innovation

Q19: Is there potential in the market to create new low-carbon products?
Q20: To what extent are the products commercialized by these firms considered commodities?

- Process innovation

Q21: What would be the biggest barriers for the adoption of cleaner technology?
Q22: Are there public funds or Government support?
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- Organizational innovation

Q23: What is the current level of collaboration to reduce emissions between firms in the cluster?
Q24: What is the current level of investment in R&D of firms in the cluster?
Q25: To what extent could a carbon tax induce more R&D investment in the industry?

Part 4: Attractiveness as place for business

- Regulatory environment—legal framework

Q26: How stringent do you consider corporate taxes in The Netherlands?
Q27: Could a carbon tax significantly increase the tax burden of firms?

- Business sustainability

Q28: How likely is that a carbon tax induce investment in low-carbon technology?
Q29: To what extent could a carbon tax be perceived as a barrier to perform

energy-intensive activities?
Q30: How likely is that a carbon tax (more stringent climate policy) attracts new businesses (open

new niches for the existing ones)?

- Knowledge and innovation

Q31: How likely is that a carbon tax (more stringent climate policy) enhances collaboration
between academia/research and companies?

Appendix C.

Table A2. Operationalisation.

Variables Sub Variables Definition

Cost structure

Direct and indirect
carbon costs

"Direct costs are associated with of complying with the rules of the carbon
pricing policy (e.g. purchasing of emission certificates or paying the taxes
charged). Indirect costs arise when downstream firms need to pay the carbon
cost from upstream processes, in particular from electricity generation, as far as
the costs are passed on to them" [19].

Sunk costs

Sunk costs are those which have already been incurred and which are
unrecoverable. The nature of the sunk costs prevents the firm from recouping
them, and it may be forced to continue in business even if profits are well below
what they would be in another industry or location.

Cost pass-through
ability

Competition
Rivalry in which every seller tries to get what other sellers are seeking at the
same time: sales, profit, and market share by offering the best practicable
combination of price, quality, and service.

Price elasticity of
demand

A measure of how much the quantity demanded of a good respond to a change
in the price of that good.

Differentiation of
products

“Each firm produces a product that is at least slightly different from those of
other firms. Thus, rather than being a price taker, each firm faces a
downward-sloping demand curve. Differentiation is when a firm/brand
outperforms rival brands in the provision of a feature(s) such that it faces
reduced sensitivity for other features (or one feature)” [38].

Demand trends Habits or behaviours currently prevalent among consumers of goods or services.
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Table A2. Cont.

Variables Sub Variables Definition

Abatement
potential

Low-carbon
technology
development

"The sum of equipment, methods, knowledge and other modalities for
low-carbon or carbon-free. It suits the need of adapting to a low carbon economy,
reducing greenhouse gas emissions and preventing global warming" [19].

Investment
spending

Money spent on capital goods, or goods used in the production of capital, goods,
or services. Investment spending may include purchases such as machinery,
land, production inputs, or infrastructure.

Revenue
The income generated from sale of goods or services, or any other use of capital
or assets, associated with the main operations of an organization before any costs
or expenses are deducted.

Regulatory
environment

Certainty of future
price of carbon

Level of credibility of the price of carbon in the future, which affects the firms’
decision of investment in low-carbon technology.

Environmental
stringency

“The strength of the environmental policy signal—the explicit or implicit cost of
environmentally harmful behaviour” [24].

Product Innovation

Market drivers (i.e.
price, quality)

Market drivers are the underlying forces that compel consumers to purchase
products and pay for services.

Potential for
product
differentiation in
the market

Extent to which the products traded in the market can be differentiated from the
competitors.

Sector propensity to
innovate

"Innovative potential is a measure that characterizes the company’s ability to
implement the processes of innovation. It is a basic criterion for determining the
effectiveness and efficiency of the process of creating and using innovations" [15].

Process Innovation

Production method
alteration

Changes in production methods such as techniques and/or machinery, or
feedstock used as inputs the production process.

Barriers for the
adoption of
low-carbon
technology

Forces or constraints keeping the sectors or firms from adopting low-carbon
technology.

Organizational
Innovation

Permanent R&D
investment

R&D expense (short for research and development expense) is essentially the
amount of money that a company spends to develop new products and services
each year.

Green business
model

"A business model is a company’s plan for making a profit. It identifies the
products or services the business will sell, the target market it has identified, and
the expenses it anticipates. A firm’s business model is green when environmental
issues make up an important part of the value proposition" [21].

Inter-firm
partnership/cooperation

A cooperation between business organizations that allow them to achieve their
common goals more effectively.

Regulation

Creation and
shaping of markets

Government interventions aimed at creating new markets for clean products or
forms of energy, or shaping existing markets to ensure a cleaner production of
existing products.

Protection of
incumbent firms

Regulation aimed at protecting the competitiveness of incumbent firms
presenting a highly exposed to carbon leakage or losses of competitiveness as a
result of a higher carbon price.

Funding
Scale up Subsidies aimed making the existing technology available to mass markets,

lowering down its costs.

Innovation Funding aimed at research and the development of new low-carbon technologies.

Enabling conditions

Legal framework Removal of legal barriers to the deployment, production and transportation of
novel forms of energy and feedstock such as hydrogen.

Renewable
electricity

Setting the conditions for a large-scale deployment of renewable energy projects,
that allow for low-carbon technologies to be net-zero emissions in the whole
chain.

Infrastructure for
low-carbon
technologies

Development of the infrastructure required for firms to implement low-carbon
technologies (i.e. Hydrogen backbone).

Port fees Cost increase Increase in any of the fees (ship dues or goods dues) charged by the Port
Authority to their customers for the use of port facilities.
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Table A2. Cont.

Variables Sub Variables Definition

Throughput
Imports of inputs Total amount of import of inputs for production arriving at the port.

Export of products Total amount of exports of finished goods being exported from the port.

Attractiveness as
place for
investment

Stable regulatory
environment and
legal framework

Set of taxes (fiscal policy), rules, and laws or regulations that businesses must
adhere to.

Business
sustainability

Business sustainability, also known as corporate sustainability, is the
management and coordination of environmental, social and financial demands
and concerns to ensure responsible, ethical and ongoing success.

Knowledge and
innovation

The availability of technical knowledge to enhance innovation, existence of
specialized labor force, and educational centers as universities or research
institutes.
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