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Abstract
The transition to a circular economy is a complex process requiring wide multi-level and
multi-stakeholder engagement and can be facilitated by appropriate policy interventions.
Taking stock of the importance of a well-balanced policy mix that includes a variety of
complementing policy instruments, the circular economy action plan of the European
Union (COM(2020) 98 final) includes a section about “getting the economics right” in
which it encourages the application of economic instruments. This contribution presents a
comprehensive taxation framework, applied across the life cycle of products. The frame-
work includes (1) a raw material resource tax, (2) reuse/repair tax relief, and (3) a waste
hierarchy tax at the end of life of products. The research is based on a mixed method
approach, using different sources to analyse the different measures in the framework.
More mature concepts, such as material resource taxes, are analysed by reviewing the
existing literature. The analysis of tax relief on repairs is based on interviews with
stakeholders in Sweden, where this economic policy instrument has been implemented
since 2017. Finally, for the waste hierarchy tax, which is a novel proposition in this
contribution, macroeconomic modelling is used to analyse potential impacts of future
implementation. In all cases, several implementation challenges are identified, and
potential solutions are discussed according to literature and empirical sources. Further
research is required both at the individual instrument and at the framework level. Each of
the tax proposals needs a more detailed examination for its specificities of implementa-
tion, following the results of this study.
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Introduction

Over the last decades, a continuously expanding global economy has put stress on the earth’s
natural resources, raising concerns about increasing adverse environmental impacts and
impending resource shortages [1]. To mitigate the potential overexploitation of resources
and the associated environmental damage, the promotion of circular material use (including
the reduction of material input, as well as reuse and recycling) is necessary for reducing the
generation of waste and the economy’s dependence on the extraction of primary raw materials
[2, 3].

National governments and supranational governance entities, such as the European Union
(EU), are gradually integrating such resource concerns into their policy agendas. The strategic
direction of the EU has progressively focused on increasing resource productivity and
innovation in the economy, aiming at the efficient and effective use of resources, sustained
economic growth and job creation, with less environmental impact [4]. One of the basic
premises of the recently proposed ‘Green Deal’ for Europe is the promotion of the circular
economy [5].

The circular economy (CE) aims at maximising the value and utility of resources and
energy within production systems, based on the premise that natural resources are scarce and
that products at their end of life (EOL) may retain some value [6]. Having its roots in industrial
ecology and environmental economics [6, 7], the CE is not a solidly defined concept but
follows a few general principles that remain constant in all definitions available in literature.
Total material use reduction; reuse of products by extension of product life through repair,
refurbishment and remanufacturing; recycling; and recovering materials in production and use
processes constitute the basic elements of CE [8]. Moreover, CE is operationalised at multiple
levels, the micro level (products, companies, customers), meso level (eco-industrial parks,
economic sectors) and macro level (region, nation and beyond) [6, 8].

The shift to a circular economy is a complex process requiring a wide multi-level and multi-
stakeholder engagement from all parts of society [9]. Therefore, realising a systemic shift by
employing an individual policy instrument may prove to be insufficient. Applying just one
policy instrument would most likely change an individual driver, failing to address the issue
holistically [10]. Consequently, a more complex approach would be required by developing a
mix of policies that targets the multi-faceted aspects of a circular economy transition.

The policy instruments that are available in the arsenal of governments to lay down the
enabling conditions for a circular economy can be generally distinguished between three broad
categories: administrative (e.g. regulatory bans, standards, targets), economic (e.g. taxes,
tariffs, subsidies) and informative (e.g. labels, certifications, information campaigns). These
can be of mandatory or voluntary nature [4, 11].

To address the CE holistically, the European Commission takes a life-cycle approach in
designing policy proposals that target specific aspects of production, consumption and waste
management. This is documented in the EU Circular Economy Action Plans (COM(2015) 614
final and COM(2020) 98 final), where several policy instruments at different life-cycle stages
are included. So far, the focus was mainly on direct administrative interventions, backed by
informative instruments and tools, while the potential of economic instruments for a circular
economy was not addressed adequately [4, 12]. Taking stock of the importance of a well-
balanced policy mix that includes a variety of complementing policy instruments, the latest CE
Action Plan (COM(2020) 98 final) includes a section about “getting the economics right” in
which it encourages the broader application of economic instruments, such as environmental
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taxation (including waste taxes), and enables EU Member States to use variable value added
tax (VAT) rates to promote circular economy activities that target final consumers, notably
repair services.

Although environmental taxes are addressed in literature regarding the potential
effects on resource savings, e.g. [13, 14], in practice the preference of such measures
seems to be limited [15]. Material resource taxes internalise the environmental and social
externalities of resource extraction [16] but are considered only as second-best policies
for addressing resources [17] due to their “inherent impreciseness” [18]. There are
multiple structural barriers connected to the design, implementation and administration
of resource taxes, as well as information barriers and split incentives between the actors
involved. Therefore, resource taxation is “implemented on an exclusively selective basis
and cannot be considered as sending a clear-cut signal to economic actors” [18]. Apart
from resource taxes, proposed tax reductions for repair services have not been thorough-
ly assessed for potential effects, as their limited application and tax base so far indicate
high administrative costs.

To date, the research related to appropriate policy interventions for a resource efficient CE
is limited, and only a handful of articles offers insights to the necessary policy instruments for
comprehensive CE policy mixes, e.g. [10, 12, 19]. Moreover, the majority of policy instru-
ments presented in previous research is either administrative or informative in nature, largely
disregarding the potential of economic policy instruments to contribute in the CE policy mix.
The policy measures either derived from existing policy approaches (e.g. eco-design and green
public procurement) or constituted novel propositions for consideration by policymakers (e.g.
reuse targets and reuse quality labelling), and fiscal measures in the policy mix played only a
minor role.

This contribution aims at complementing previous research by developing a fiscal frame-
work for CE, based on resource, product and waste taxation. The framework is developed
independently in this article, but it has the potential to be integrated in existing policy
approaches as a supporting (market-based) mechanism. The framework takes into consider-
ation the different life-cycle stages of products, from resource extraction and input to waste
disposal—or EOL stage. By following this life-cycle modular approach, the framework is
compatible to similar approaches in CE policy development and can be implemented holisti-
cally or partially, depending on the life-cycle stage that needs market-based support. More-
over, the objective of the article is not only to introduce the framework but also to scrutinise its
potential and analyse the challenges of its implementation.

The overall aim and the objective of this contribution guided the research approach which is
formulated in two research questions: (1) How does a fiscal policy framework for CE can be
constructed to address resource efficiency in a life-cycle perspective and what instruments
would be appropriate to include? (2) What is the potential effectiveness of a fiscal policy
framework for CE?

In the following section (“Circular Economy Taxation Framework” section), the Circular
Economy Taxation Framework is presented together with the rationale of developing this
framework based on literature insights. The “Methodology” section provides an overview of
the different methods used to derive the conceptual taxation framework and to analyse the
potential and implementation challenges of the different elements of the framework. In the
“Results and Discussion” section, the research results are presented and analysed in a
comprehensive discussion, and finally the “Conclusions and Future Research” section con-
cludes the paper and provides suggestions for future research.
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Circular Economy Taxation Framework

The Circular Economy Taxation Framework constitutes a comprehensive fiscal policy ap-
proach targeting each of the life-cycle stages of a product with a different policy intervention.
The framework includes three life-cycle stages: (1) production, (2) product use and (3) waste
management. For each stage, a different taxation approach is used to reflect more accurately
the desirable resource efficiency outcome. Figure 1 illustrates the different elements of the
framework.

Production Stage of the Life Cycle

In the production stage, a natural (virgin) raw material resource tax is proposed. Raw material
resource taxes can be applied at different stages of the production process: (a) at the stage of
extraction of the raw material, (b) at the input of the material at the first industrial use and (c) at
the final consumption stage of products with embedded material content [20]. The design of
this intervention is not explicitly defined within the proposed framework, leaving room for
policy decision-makers to adapt the application of the tax according to the most appropriate
circumstances in their respective jurisdictions. The different application approaches are
discussed in further detail in the “Results and Discussion” section of this article.

From a public policy perspective, a tax on raw material resources can be motivated by both
fiscal and environmental arguments [18]. From an economic point of view, a tax on raw
material resources can be motivated either due to a market failure in which market forces are
not effectively capturing the associated environmental externalities of resource extraction and
use or in the case that other environmental regulations (e.g. pollution mitigation) are not
effective in addressing the relevant market failure better than a tax [21]. Further, Söderholm
[17] motivates the decision of adopting raw material taxes on (a) concerns of resource
depletion, (b) addressing environmental externalities, (c) the expectation of future amounts
of emissions or waste (which a tax on raw material inputs could prevent downstream) and (d) a
way of encouraging the substitution of virgin material resources with secondary and recycled
materials.

Radetzki [22] has demonstrated that demand for raw material resources tends to be own-
price inelastic, especially in the short run. This is partly because there are usually few
substitutes to a given resource, and due to the intense extraction and processing of natural
resources (e.g. metal smelting), which makes the substitution to other raw material input too
costly and time-consuming. Therefore, the application of a tax on primary raw material
resources might induce a demand for secondary material resources—where readily

Fig. 1 Circular Economy Taxation Framework including (1) a natural raw material resource tax, (2) reuse/repair
tax relief and (3) a waste hierarchy tax at the end of life of products
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available—provided that the level of the tax is high enough to at least balance the difference of
prices between virgin raw materials and secondary materials (exempt of tax), which could lead
to increased circularity in production systems. However, Söderholm [17] concluded that virgin
material taxes may lead only to limited use of secondary raw materials since the own-price
elasticity of supply for these alternative materials typically is very low.

In terms of macroeconomic fiscal policy, the demand for raw materials is typically indirect,
i.e. the demand occurs due to the volume of consumer goods produced by the given materials.
Therefore, raw material resources form the basis of economic activity and are likely to
continue to do so in the future. Thus, the long-run price elasticity of demand may be
considered low, and raw material resources could thus represent a stable tax base for
governments [15, 17].

Use Stage of the Life Cycle

In the product use stage, a reuse/repair value added tax (VAT) relief is proposed. This is a
generally accepted tax intervention which aims at increasing the affordability and availability
of repair services and at boosting the uptake of reuse as a significant option in consumers’
decisions concerning their old products. Therefore, a reduced VAT rate on repairs could
increase the ability of local shops to offer repair and maintenance services, which are in line
with the goal of increasing resource efficiency in the economy as whole.

The EU CE action plan (COM(2015) 614 final) states that “price is a key factor affecting
purchasing decisions, both in the value chain and for final consumers. Member States are
therefore encouraged to provide incentives and use economic instruments, such as taxation, to
ensure that product prices better reflect environmental costs. […] Once a product has been
purchased, its lifetime can be extended through reuse and repair […]. The reuse and repairs
sectors are labour-intensive and therefore contribute to the EU’s jobs and social agenda”. It is
also important to mention that in the EU, small- and medium-sized enterprises (SMEs)
represent more than 95% of all firms and provide more than 67% of total employment [23].
SMEs can play an important role in a CE transition by providing sustainable, yet labour-
intensive services such as repair and refurbishing [24].

Reduced VAT rates for repair and reuse can also address externalities. By prolonging the
life of products, significant savings in material and energy use can be achieved [25] and
partially offset new production of consumer goods [26]. Moreover, reduced VAT rates are not
expected to have negative implications for the functioning of the internal market as the relevant
products and services are typically not traded across EU borders [27].

Despite the perceived benefits of reduced VAT rates for repair and reuse, there is a lack of
real-life examples of implementation. One exception is the government of Sweden, which in
January 2017 introduced a tax reduction on repair of certain products. The VAT rate on repair
was reduced from 25 to 12% for products such as textiles, shoes, leather products and bicycles.
The aim of the reduction was to encourage reuse and repairs [28]. Another instance of tax
reduction in Sweden includes a deduction of 50% (RUT tax deduction) on the labour costs for
home repairs and maintenance and was first implemented in 2007 and updated in 2016 [29].
The updated version was implemented in 2017 together with the VAT reduction for repairs
(Revision 2016:1055 of the income tax law 1999:1229).

Although the design and implementation of this taxation incentive has not been studied
extensively, it consists an integral part of the proposed Circular Economy Taxation Framework
that can succinctly address the issue of repair and reuse of products at the use stage of the life
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cycle. Aided by the Swedish example of implementation, the anticipated results and effective-
ness of this policy intervention are discussed in the “Results and Discussion” section.

End of Life Stage of the Life Cycle

In the EOL stage, a “waste hierarchy tax” is proposed, i.e. a progressive tax which follows the
“waste hierarchy” principle, with the tax rate decreasing progressively from landfilling
(highest) to recycling (lowest), and is set to zero for any level above recycling.

Palmer and Walls [16] suggest that a tax on virgin raw materials can only correct the
external costs resulting from extraction processes, but not external costs resulting from waste
disposal. Additionally, no single tax can generate an optimum level of both downstream and
upstream impacts, so multiple policy instruments would be necessary to fully internalise these
externalities [30]. Therefore, it is considered imperative to complement the raw material
resource tax and repair/reuse VAT relief with a waste tax that accounts for externalities at
the EOL of products.

A common approach that has been extensively used in EU Member States (MS) is the so-
called landfill tax. A review of the waste management performance of all MS over the period
2001–2010 [31] has concluded that landfill taxes played a major role in improving the waste
management practices in MS and enabled them to divert considerable amounts of waste away
from landfills to other more environmentally sound waste management options, according to
the principles of the “waste hierarchy”. The waste hierarchy constitutes the central principle of
EU waste management, as it is expressed in Article 4 of the Waste Framework Directive
(2008/98/EC). The waste hierarchy addresses the prioritisation of waste management options
according to environmental and resource efficiency aspects. It includes the following waste
management operations: (a) waste prevention; (b) reuse and preparation for reuse; (c) material
and biological recycling; (d) energy recovery from waste; and (e) disposal to controlled or
uncontrolled landfills, land or water.

Following the reasoning of implementing landfill taxes in EU MS and the observed results
of the tax in diverting waste towards higher stages of the waste hierarchy, notably energy
recovery and material recycling [31], a waste hierarchy approach is proposed to complement
the Circular Economy Taxation Framework. According to the logical reasoning, since a tax on
landfill made it uneconomical to dispose waste in landfills, a similar (but proportionately
lower) tax on waste to energy (WTE) incineration would divert waste from incineration to
recycling. Finally, a tax on recycling of waste would make the “preparation for reuse” and
reuse of EOL products the most economically desirable option. However, under the condition
that the tax is high enough to offset costs from other waste treatment options. That is to say,
that after the implementation of the tax, landfilling becomes too costly compared to inciner-
ation, and respectively incineration is too costly compared to recycling. There are only a few
examples of incineration taxes imposed on top of landfill taxes in MS, but the effectiveness of
these to divert waste towards recycling has been inconclusive. For instance in Sweden, the
incineration tax was evaluated as inefficient and counterproductive since it did not lead to the
anticipated waste diversion and lead to increased waste fees and energy prices for the
municipalities [32]. Taking this into account, it is important to set the tax rate quite high so
as to overcome price levelling by energy sale revenues.

Moreover, environmental and social conditions must be taken into account when designing
the tax architecture within a sustainability context. Although the tax level would be signalling
the preferential waste management option according to the waste hierarchy, it might be
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necessary in certain occasions to depart from the hierarchy in accordance to the provisions of
the Waste Framework Directive (2008/98/EC). In Article 4 of the Directive, it is stated that the
preferred waste management option is the one that delivers the best overall environmental
outcome, taking into account general environmental protection principles, technical feasibility
and economic viability, the protection of resources as well as the overall human health,
economic and social impacts. For instance, in some cases, incineration might be more
economically viable than landfilling after introducing the suggested tax measures, but simul-
taneously it might be comparatively environmentally inefficient or even more polluting than
landfilling, depending on the nature of the material, and it may result into serious environ-
mental and social side effects (e.g. health concerns in urban areas).

Finally, it is worth noting that although the waste hierarchy is addressing waste manage-
ment, step (a) waste prevention and partially step (b) reuse and preparation for reuse of the
hierarchy deal mainly with non-waste. Waste that is prevented is waste not generated, and
reuse of a product means that the product did not become waste in the first place [33].
Therefore, within the “waste hierarchy tax”, any treatment option higher than recycling is
not subject to a taxation rate.

Concluding the “Circular Economy Taxation Framework” section, environmental taxes in
general are considered to be “growth-friendly”, as they are less distortive compared to taxes on
labour and income, while the administration and transaction costs of such taxes are lower than
that of other taxes (notably income taxes) [15]. Furthermore, the efficiency losses from
environmental taxes are far less compared to labour taxes [15].

Methodology

The research in this contribution was based on a mixed methods approach, using a variety of
secondary sources, to analyse the specificities of each proposed taxation measure. Literature
relevant to environmental fiscal interventions, and more precisely on material resource and
waste fiscal policies, paved the way for the conceptual development of the Circular Economy
Taxation Framework which is presented in the “Circular Economy Taxation Framework”
section. For the in-depth analysis of the different proposed taxation measures within the life-
cycle stages of the framework, a variety of research methods was necessary. More mature
concepts, such as material resource taxes, were analysed based on reviewing the existing
literature on the subject. The analysis of tax relief on repairs was based on the work of Almén
et al. [29], who conducted interviews with relevant stakeholders in Sweden, where this
economic policy instrument has been implemented since 2017. Finally, for the waste hierarchy
tax—a novel proposition in the taxation framework—the analysis was based on macroeco-
nomic modelling (computable general equilibrium model (CGE)) conducted by Lokrantz [34]
to analyse potential impacts of future implementation by comparing different scenarios. More
details on the methods are presented in the following paragraphs.

The literature review, interviews and macroeconomic modelling were focused on Sweden
as a case study. The reason for focusing on Sweden is due to the fact that most of the proposed
taxation interventions have already been implemented in Sweden to a higher or lesser degree.
Natural resource taxes are implemented in Sweden, for instance in the case of natural gravel
[35]. A VAT discount in repairs of products such as textiles, shoes, leather products and
bicycles has been implemented in Sweden since 2017 [4], and a tax return is calculated for
repairs of white goods and IT equipment at home [29]. Sweden is imposing a tax on landfilling
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(500 SEK per tonne of waste) and incineration (100 SEK per tonne of waste) [36]. Thus, most
of the elements included in the Circular Economy Taxation Framework proposed in this
contribution have been implemented in the context of Sweden, and therefore it constitutes a
relevant case study to analyse in more detail. However, the Circular Economy Taxation
Framework includes additional elements which have never been encountered in literature,
and this is the reason for employing macroeconomic modelling and scenarios development, in
the case of the waste hierarchy tax.

Starting with the natural raw material tax relevant literature was sought for, using the basic
keywords “material tax”, “natural resource tax” and variations of these forms. The search was
strictly limited to a narrow range of “material” taxation, because using broader terms such as
“environmental tax” or “green tax” would return a large amount of literature relevant to
pollution taxes. Further, natural resources such as land, water and air were excluded manually
from the search results, and a strict focus was maintained around materials (e.g. metals,
minerals, plastics, wood). The literature review commenced with searching for scientific
publications using databases such as Web of Science, Scopus and Google Scholar. Then
snowballing technique was used (in terms of keywords, authors’ names and journal titles) to
expand the preliminary reference list. In addition to peer-reviewed literature, “grey” literature
sources were also examined, since taxation regimes are discussed also by practitioners outside
of academia. Relevant government consultation documents and consultancy reports were also
included in the search results.

Almén et al. [29] developed a qualitative methodology to analyse the effects of a tax relief
on repairs in Sweden by conducting semi-structured interviews with companies that perform
repairs. This method was chosen for receiving a direct account of the interviewees’ own
experiences and expectations regarding the repair tax deductions. The interview study follow-
ed an inductive approach with the aim to investigate and draw conclusions through the analysis
of the collected data and without adopting prior theoretical hypotheses [37]. The targeted
interviewees were chosen among the sectors included in the regulation (shoes, bicycles, white
goods, IT equipment) and depending on whether they perform repairs or not. In total, 22
Swedish SMEs in the repair sector were interviewed. The interviewed companies included five
shoe repair companies, five bicycle repair companies, five white goods repair companies and
seven IT repair companies. The analysis of the interviews was qualitative based on the
collected data without using any particular software for the coding of emerging themes; thus,
a risk of subjectivity and analysis bias is present in the results.

For analysing the effects of a waste hierarchy tax in the Swedish economy and its resource
efficiency potential, Lokrantz [34] developed a simplified computable general equilibrium
(CGE) model of the Swedish economy, which was extended with equations representing waste
flows and environmental preferences. The simplified model included a few basic assumptions.
Firstly, the model considers a closed economy, meaning that neither international trade nor
foreign influences are modelled. Secondly, the model considered a static economy in the sense
that it does not include any dynamic elements like savings or investment which depends on
intertemporal decisions over time. Lastly, the model assumed that there are no market
imperfections, there is perfect competition and no uncertainty. The series of assumptions were
considered necessary to develop a robust model that would give meaningful results without
overcomplicating the economy structure.

The benchmark data for the model calibration consisted of data on quantities of treated
waste and Swedish national accounts retrieved from Eurostat [38, 39]. The base year was set to
2016, which is the latest year with available data on quantities of treated waste. The waste data
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were organised after treatment technology and after the European Waste Catalogue’s classi-
fications of waste categories.

To discuss the different possible ways of implementation and impacts of a waste hierarchy
tax in Sweden, Lokrantz [34] developed alternative policy scenarios and compared them to the
baseline—the current situation in Sweden. The policy scenarios included (A) waste hierarchy
tax, (B) waste hierarchy tax with a recycling subsidy and (C) waste hierarchy tax with a
technology shift. The scenarios are briefly summarised below and in Table 1.

Scenario A: Waste Hierarchy Tax

This scenario was based on the waste hierarchy principle, aiming to divert waste towards
recycling and eventually reuse and prevention. In this setting, the taxation framework differ-
entiated between the different treatment technologies and ranked waste disposal, incineration
and recycling according to the waste hierarchy. Hence, all levels were taxed with different tax
rates, given their position in the waste hierarchy (see Table 1). Accordingly, the tax rate for
waste disposal was set at 500 SEK per tonne, which is the same as the Swedish landfill tax
[36]. The incineration tax and the recycling tax were set gradually lower, at 300 SEK and 100
SEK per tonne, respectively. Thereby, recycling would become more financially attractive,
while harmful treatment alternatives like landfill and incineration were penalised.

Scenario B: Waste Hierarchy Tax with Recycling Subsidies

The tax on recycling was replaced with a subsidy, resulting in a policy intervention that
introduces two different policy instruments. Combining taxes on waste with a subsidy is
encountered by Schwerhoff and Franks [40] who combined environmental taxes with subsi-
dies on capital and output, and based on literature about resource taxes and recycling subsidies
[16, 41]. The tax rates for the different treatment technologies were the same as in the previous
scenario (see Table 1), but instead of taxing recycling, in this scenario the government
subsidised it. The subsidy was modelled as a negative tax [40]. With the recycling subsidy,
firms were given a strong incentive to shift from waste disposal and incineration to recycling.

Scenario C: Waste Hierarchy Tax with a Technology Shift

The effect of the waste hierarchy tax was analysed in the presence of a technological
improvement in the production sector. According to Böhringer and Rutherford [42], techno-
logical change plays an important role when assessing policies for circular economy and
resource efficiency. This is because technological shifts can lead to more resource efficient
production but can also result in a rebound effect [42]. Following this line of thought, in

Table 1 Summary of scenario settings (level of tax/subsidy expressed in Swedish currency (SEK) per unit),
adapted from [34]

Baseline Scenario A Scenario B Scenario C

Disposal 0 500 500 500
Incineration 0 300 300 300
Recycling 0 100 0 100
Subsidy 0 0 100 0

Circular Economy and Sustainability (2021) 1:477–498 485



response to the waste hierarchy tax reform, it was assumed that firms are willing to invest in
new, more efficient technology which is captured by a shift in productivity, modelled as 10%
increase in the productivity coefficient.

Results and Discussion

The results of the literature review and the secondary source material are presented and
discussed separately for each tax intervention in the following subsections, followed by a
separate subsection discussing the potential and challenges of the Circular Economy Taxation
Framework as a whole.

Natural Raw Material Resource Tax

For a natural raw material tax to create a positive response from industrial actors or consumers,
leading to more resource-efficient practices, the tax level needs to be sufficiently high
regardless of where in the value chain it is applied [9, 20]. Baptist and Hepburn [43] recognise
that the implementation of such a high tax rate could be extremely difficult in the real
economy. The material tax in itself could be expected to have a moderate effect because
own-price elasticity of demand is often low for materials [17]. This suggests that it is important
to understand how a wider set of policies, in addition to the tax, interact with raw material
markets [41]. Thus, the development of material taxes requires careful consideration before
design and implementation. Moreover, issues related to imports and exports of raw materials
may create competitiveness asymmetries and require particular attention [44].

The effects of a tax on natural raw material resources may differ according to the phase of
the value chain in which it is applied. Demand-price elasticity as well as market dynamics and
innovation potential can vary at different stages of the value chain of a material [20]. For a
single non-renewable material resource, there are three stages in the value chain in which a tax
could be applied: (a) at the extraction of the raw material, (b) as input of the material at the first
industrial use and (c) at the final consumption of products (embedded material content).

A raw material tax imposed at the extraction stage in a region would directly affect the
international trade of the targeted commodity. The tax would bring domestic producers at a
cost disadvantage compared to foreign producers, leading inevitably to the reduction of
domestic extraction, to a corresponding increase in imports and potentially—depending on
demand elasticity—to price increase [41]. The increase in imports of a raw material would
imply increase of production in third countries. Consequently, the tax would not have a direct
effect on the extraction of the targeted material elsewhere, since the level of use in the domestic
market would remain unchanged through tax-exempt imports, but the net environmental effect
could possibly be negative if the extraction technologies abroad are worse than the domestic
ones [20].

Therefore, it is important to introduce appropriate counterbalance measures to mitigate
adverse environmental impacts of such shift in extraction location, for instance through the
implementation of a border tax adjustment mechanism on imported resources [20]. In addition
to neutralising the effects of the tax on domestic producers, it would also protect the
competitiveness of domestic industries. However, the effect on the competitiveness of the
domestic industry would be much smaller if the tax is not calculated on the basis of the
quantity of materials extracted or imported, but on the estimated quantity of raw materials that
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are extracted globally to produce products that are used in Sweden [44]. Other measures that
could potentially prevent competitiveness losses for domestic industries could be to levy the
tax on materials and products used domestically in Sweden, including imported products as
well as domestically produced products, but to exempt materials produced in Sweden for
export [44].

Another option for implementing a material tax is that of a “material input” tax, which
means tax levied at the resource input of manufacturing (the first time a material is used). It
differs from a resource tax at the extraction stage, as a supplementary border adjustment tax is
not needed because this type of tax does not distinguish between domestic and imported
materials. In order for such a tax to be reasonably implemented, the main requirement would
be that there is a limited number of product groups subject to this tax; otherwise its imple-
mentation would be challenging [20]. A material input tax could, instead of encouraging
substitution of the taxed material, stimulate technological innovation aimed at reducing the use
of that material, for instance be “light-weighting” which would be favourable in terms of
resource efficiency [45].

The last possible stage for introducing a raw material tax is at the final use of products. Tax
on the consumption of products that include large amounts of a specific resource is possible;
however, its application might prove rather challenging and its effectiveness uncertain. There
could be significant problems in identifying the share of a specific material within a final
product, making the taxation base uncertain [20]. Taxation at this stage might be better thought
of as a tax based on the intensity of multiple materials, possibly taking a life-cycle analysis
(LCA) perspective. Andersen [46] argues that once reasonable estimates are available for the
external costs of a product, it would be possible to internalise these in market transactions by
introducing relevant environmental taxes and charges. This allows for a first theoretical
approach on the application of a PEF-based (Product Environmental Footprint-based) taxation
structure. The latter would be interesting to investigate further; however, the sheer amount and
diversity of products and product groups would be a formidable challenge, to say the least.

Increasing material recycling is a basic principle of resource efficiency [3]. Taxation
schemes based on material input or consumption taxes would ideally target only virgin
materials, and not their recycled equivalents. This could pose challenges in designing taxes
for certain materials (e.g. metals, paper) as their recycling rates are already quite high [20].
Furthermore, due to global recycling markets, recycled metals such as iron could be easily
integrated into intermediate products and parts, and their detection in final products would be
difficult. Ekvall et al. [9], on the other hand, suggest that the tax should be applied also on
recycled materials, since the overall aim of such a tax would be to increase material efficiency,
and therefore the reduction of material input regardless if the material is virgin or recycled.
Moreover, a material tax should be levied on all types of materials in order to avoid burden
shifting between materials. It could be levied even on renewable materials, as renewable
resources need also to be used efficiently, because their production rate is limited [9].

The possibility of substitution constitutes a critical factor for the effectiveness of resource
input and consumption taxes and forms a major drawback if designed to address a single
material resource. Taxing a single material might result in substitution rather than overall
resource efficiency [45]. Moreover, substitutes of the taxed material may have other unpre-
dictable environmental disadvantages, such as higher energy intensity or lower recyclability
[20]. Taxing material groups could be a better approach, but that might shift the problem to
comparing the material groups themselves, for instance plastics versus metals, instead of single
material groups, such as copper versus aluminium (i.e. metals).
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A tax on material resource input on new production could contribute also in establishing a
competitive advantage of second hand goods (reuse), since competing manufactured goods
would have increased raw material costs and thus become more expensive [47].

Concluding, even under a trade-neutral taxation scheme, based on a material resource tax
and supplemented by border adjustment countermeasures, there is still a risk of cross-material
substitution effects with uncertain resource and environmental implications. However, a global
multilateral extraction tax on all non-renewable and non-energy resources could be considered
a viable solution, since its expected effect would lead to a global price increase of resources
resulting in global demand reductions [20]. The actual design and implementation of such a
resource tax, however, would be a major challenge in the current global political environment.

Value Added Tax Reduction in Product Repair and Reuse

The analysis of the “repair/reuse tax relief” component of the proposed CE taxation framework
is based on the empirical study by Almén et al. [29], which aimed at assessing whether there
has been a change in repair activity since the implementation of the VAT reduction and RUT
tax deduction in Sweden. The focus of the study was exclusively on four economic sectors,
which are specifically targeted by the tax reduction legislation (i.e. shoes, bicycles, white
goods and IT goods).

Out of the twenty two interviewed companies across the four different sectors, only nine
noticed an increase in the number of repairs executed since the implementation of the tax
changes in 2017. Of those nine companies, two were shoe repair companies, three were
bicycle repair companies, zero in white goods repairs, and four were companies that performed
IT goods repairs (e.g. repairing mobile phones, computers, televisions). However, the majority
of the companies could not determine if the increase was caused by the tax deductions or not.
In other words, a large portion of the interviewed companies were not considerably affected by
the lower tax regime for repairs. A summary of findings is presented in Table 2.

The results showed that a relative majority of companies in the bicycle and IT sector could
claim an increase in the number of repairs. On the other hand, most of the companies in the
other two sectors, white goods and shoes, did not observe any significant changes. There are
several reasons that might explain these differences between the sectors. For instance, the
reason why no changes were noticed in the white goods sector might be related to the fact that
“it does not depend on whether the taxes are low or not, but rather the high purchasing price of
new products”, as one interviewee highlighted. The product category of white goods can be in
general more expensive than shoes, bicycles and IT goods (although some high-end IT
products can be equally expensive). The difference in price between repairing existing
products and buying a new product is larger, which increases the willingness to repair. Thus,
the number of repairs did not increase entirely due to the effect of the reduced tax, since the
majority of consumers would prefer to repair than buying new in any case.

Regarding the shoe repair sector, the reason no changes were noticed may be due to a
different market situation and the view of shoes as more easily replaceable, compared to other
sectors. For people to actually repair their shoes, these must be of high quality and possibly
expensive for making it worth the effort to repair them. The shoe market can be both expensive
and cheap depending on brand and shop, just like the other sectors. However, low-quality and
dispensable shoes (according to fashion trends) are usually not worth repairing compared to
expensive and “classical” high-quality shoes. One interviewee particularly stressed that the
main problem can be spotted in the growing “throwaway culture”. This linear behaviour seems
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to be embedded in the purchasing decisions of Swedish consumers, and in this regard, the
implementation of the VAT reduction did not have a noticeable impact on the interviewees’
businesses. This may imply that further policies and/or initiatives might be required to address
such behavioural inconsistencies that cannot be tackled just by the implementation of a
reduced tax rate for repairs.

In order to address the reasons behind the observed limited effectiveness of the tax
reduction in increasing repairs, it is essential to identify the barriers for repair in the current
situation. Barriers that were highlighted by the interviewees in all the above sectors included
(a) lack of knowledge regarding the reduction of the tax for repairs, (b) the difference in prices
between repairs and buying of new products, (c) perceived and actual product quality and (d)
product design, which makes it difficult to repair products and to access spare parts.

Interviewees from all sectors, except the bicycle sector, mentioned that there is a lack of
knowledge regarding the existence of a tax reduction among their customers and that it is
unlikely that the majority of their repair operations can be attributed to the tax reduction. On
the other hand, in the bicycle sector that the tax reduction was more prominent, after an initial
spike on repairs by the time of the introduction of the tax reduction, repair activities have
levelled off gradually and now bicycle repairers cannot see a difference compared to the level
of repairs before the VAT reduction.

It is therefore of paramount importance to communicate the tax reduction intervention better
with the public and to disseminate more information about the nature and the benefits of repairs.
The information should be aimed at the people who are not aware that there is a possibility to
repair products at a cheaper price compared to before the VAT reduction was implemented.

Another identified barrier was the relatively low purchasing price of new products com-
pared to the cost of repair, which deterred customers from repairing their product instead of
buying a new one. In addition, the quality of products plays a significant role in the decision
whether a product is worth repairing. Two of the interviewees in the bicycle sector stressed that
high-quality bicycles are worth repairing compared to low-quality bicycles, which are viewed
as disposable and are not worth the effort (time and money) to repair. This applies on products
in all sectors. If consumers turn to buying more high-quality products, the chance that they will

Table 2 Summary of the interview results with 22 Swedish SMEs in four sectors (shoes, bicycles, white goods,
IT equipment) that are eligible for repair tax reduction according to Swedish legislation

Economic sector
No. of companies

Perceived tax
effectiveness No.
of companies (share)

Tax did not
influence repairs No.
of companies (share)

Possible reasons for no
tax effect

Shoes – 5 2 (40%) 3 (60%) - Shoes viewed as dispensable
- Fashion/trends
- Variable (low) quality of product

Bicycles – 5 3 (60%) 2 (40%) - Variable (low) quality of product
White goods – 5 0 (0%) 5 (100%) - High cost of new product makes

repairs preferable
IT equipment – 7 4 (57%) 3 (43%) - Lack of information about the tax
Total – 22 9 (41%) 13 (59%) - Lack of information about the tax

- Price difference of repair vs. buying
new product

- Variable (low) quality of product
- Product design/ difficulty to repair

The table shows the percentage of companies that experienced increase in repair services as a consequence of the
tax, and the main reasons why the rest of the companies did not experience any effect of the tax
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see worth in repairing the product increases. Therefore, by widening the price gap between a
new purchase and the repair of already acquired products would increase the willingness to
repair by the customer.

Moreover, the quality of the repair work is critical for the wider uptake of repair activities.
The price of a new product usually includes a guarantee that the product will function
according to quality specifications for a certain amount of time; otherwise the customer has
the right of refund or replacement [48]. In the case of repairs, this is not the standard practice
and it could act as a deterrent for repairs even through the price would be lower compared to
buying new. Therefore, another proposed solution mentioned by one of the bike repair
companies was a certification among workshops. This could lead to an increase in the number
of repairs since customers will know that the repair is of high quality. This is reiterated in
literature, also in the case of IT goods [49], where a quality labelling scheme can potentially
boost consumer confidence in repairs.

Finally, to facilitate easier and more cost efficient repair services, the products should be
easier to disassemble and contain less diverse and hazardous materials. For instance, an
interviewee in the shoe repair sector mentioned that “high quantities of plastic in the shoes
make them harder to repair or not repairable at all”. Therefore, the selection of materials and
product design can have significant effect on the feasibility and the cost of repair, which in turn
would negate the effect of a tax reduction no matter what the level of the tax and the potential
gain would be. Related to product design and the feasibility of repairs, another aspect which
needs to be considered is the availability of spare parts. If consumers choose to keep their old
product for a long time, repairers may not have the spare parts needed due to the discontin-
uation of a certain product/model in the market. This is a barrier especially relevant for IT
products where the development of new products is progressing rapidly. Therefore, availability
of spare parts in the market and at reasonable (affordable) price is a prerequisite for a well-
functioning repair sector [50], which can benefit from a tax reduction.

Concluding, the implementation of a tax reduction on repairs of certain products (i.e. shoes,
bicycles, white goods, IT goods) in Sweden since 2017 did not have a significant impact
according to the study by Almén et al. [29]. Some companies in the bicycle and IT goods
sectors observed an increase in the number of repairs; however, the majority of the inter-
viewees could not link the increase in repair frequency to the respective tax reduction. The
implementation of the tax reduction for repairs did not have the desired effect so far. This may
imply that further policies and/or initiatives are needed as the effect of the repair tax reduction
alone is not expected to result in any significant changes in consumer behaviour.

Waste Hierarchy Tax

For the quantification of the effects of a waste hierarchy tax in the Swedish economy and its
associated resource efficiency implications, Lokrantz [34] developed and applied a static,
closed economy CGE model for Sweden. The quantitative nature of CGE models are
appropriate tools for assessing such policies as they allow for quantifying the effects of the
waste hierarchy tax on the relation between the waste and the macroeconomy. By evaluating
the introduction of a tax based on the waste hierarchy principle under different scenarios—as
presented in the method section of this article—the conditions in which the tax has a positive
or negative impact on the Swedish economy can be analysed.

The main results of the CGE modelling are presented in Table 3, where the different
scenario equilibrium solutions are shown as the percentage change from the baseline. This
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convention simplifies the presentation of the results and makes it easier to compare the
scenarios’ results.

The simulation results for Scenario A change significantly from the baseline. The results
show that introducing a waste hierarchy tax can lead to a reduction of waste landfilled and
incinerated by 14.81% and 2.98%, respectively, compared to the baseline. Recycling increases
by 26.14%. This suggests that the waste hierarchy tax can be an effective tool for shifting
waste output to higher levels in the hierarchy. The government’s tax revenue appears to
increase by 94.01% in relation to the baseline, while there is a moderate drop in the national
GDP by 0.37%. In relation to previous studies, the difference between the baseline situation
and the waste hierarchy tax can be understood through the ability of the tax to affect incentives
and behavioural structures [51, 52].

Tietenberg [53] has illustrated how a policy reform aimed at reducing pollution needs to
account for firm heterogeneity. Accordingly, this means that the tax should include different
tax rates for different firms to be effective. This proposition is also confirmed by King et al.
[54] who showed that environmental taxes should be targeted at specific goods/sectors to have
an impact. Consequently, the same line of argument holds for the waste hierarchy tax. The
waste hierarchy tax gives a clear signal of what type of waste treatment is considered unwanted
through the differentiated tax rate.

Moving to Scenario B, the waste hierarchy tax is combined with a subsidy on recycling.
While the scenario is similar to the pure waste hierarchy tax, there are some key differences in
the simulation result that should be highlighted. Beginning with the impact of the tax subsidy
on waste, the change in waste disposal and incineration from the baseline is larger than before
with 34.23 and 8.61% decline, respectively. The level of recycling on the other hand rises by
approximately 42.55%, which is considerably higher than in Scenario A. These results reflect
those by Schwerhoff and Franks [40] who have demonstrated that subsidies can increase
efficiency and pollution reduction in the sector that benefits from the subsidy. Therefore, the
results suggest that a subsidy could be an effective method to shift waste towards recycling.

However, the results also highlight some downsides to the subsidy approach, resulting in a
higher reduction of GDP with 0.89%. This result is in line with Xie and Saltzman [55] who
showed that even if a subsidy has a positive impact on pollution, the effect on production and
GDP is negative due to limited capital resources. Altogether, this implies that the costs of the
subsidy, including less tax revenues, government spending and lower GDP, must be accounted
for.

In Scenario C, following the suggestions of Böhringer and Rutherford [42], the impact of
the waste hierarchy tax under a shift to more efficient technology is assessed. A shortcoming of
this scenario is the fact that the theoretical framework relies on the assumption of exogenous

Table 3 CGE modelling main results (figures represent the percentage change from the baseline), adapted from
[34]

Variable Baseline Scenario A
(waste hierarchy)

Scenario B
(recycling subsidy)

Scenario C
(technology shift)

GDP 0.00 −0.37 −0.89 6.82
Transfers/government tax revenue 0.00 94.01 38.12 113.41
Waste for disposal 0.00 −14.81 −34.23 −7.63
Waste for incineration 0.00 −2.98 −8.61 10.06
Waste for recycling 0.00 26.14 42.55 40.73
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technology. According to Böhringer and Rutherford [42], modelling technology as exogenous
is a disadvantage when analysing technological change in relation to resource efficiency and
waste. This is because the technology shift is not captured as an outcome of, for example,
investment or research and development, which are important features for increasing resource
efficiency [42]. Despite this, introducing a technological change scenario in the modelling of
the waste hierarchy tax can still provide valuable insight to the analysis. With the combination
of the waste hierarchy tax and the technology shift, the impact of the tax is noticeably different
compared to the previous scenarios. The reduction of waste disposal at 7.63% from the
baseline is smaller than in Scenario A and Scenario B. Moreover, in contrast to the previous
results, both incineration and recycling levels rise with 10.06 and 40.73%, respectively.

Consequently, the technological improvement offsets the positive impact of the tax frame-
work which is in line with the findings by Böhringer and Rutherford [42]. Following their
reasoning, the results exemplify the so-called rebound effect that follows a technology shift. If
the shift leads to lower production costs and prices, these changes can in turn lead to increases
in demand and supply, which offsets the potential gains from technological change in resource
efficiency and waste minimisation [56].

In summary, the results indicate that the waste hierarchy tax which accounts for the three
bottom steps in the waste hierarchy has an impact on waste and would most likely induce
further waste management improvements in Sweden. However, the results also highlight the
fact that the impact of the tax is sensitive to its design and to the reactions in other sectors of
the economy.

Based on the results of the CGE modelling of the waste hierarchy tax and insights from
previous studies, a main macroeconomic concern is related to the question of the distributional
effects on resources and capital that could follow the introduction of the tax: who wins and
who loses due to the policy change? This question is important to consider for at least two
reasons. Firstly, if the cost of the redistribution exceeds the gains, policymakers might have to
abolish the policy to avoid economic and political damages [57]. Secondly, the group that
loses because of the policy might stop its implementation if they have the power to do so [54].
In relation to the waste hierarchy tax, the losers would for example be those actors whose
waste cannot be easily shifted towards higher steps in the hierarchy with lower tax rates. This
implies that the tax might need to be combined with other policies to mitigate the potential
negative distributional effects.

Lastly, the CGE modelling developed by Lokrantz [34] was subject to several limitations.
To capture the effects of the waste hierarchy tax, several simplifications and assumptions were
made, resulting to a “simpler” design of the model. Therefore, there is a potential for several
possible future extensions. Future work could modify the model to include an international
sector, with imports and exports of material resources. Additionally, it would be interesting to
explore how to extend the model to capture other relevant features of the circular economy, for
instance reuse of waste or extended product lifetimes.

Towards a Framework for Circular Economy Taxation

From the analysis of the different taxation interventions in the previous sections—targeting
specific life-cycle stages of materials—it becomes apparent that the implementation of each
one individually entails considerable challenges. Therefore, it is reasonable to bundle these
interventions in a wider fiscal policy framework that counterbalances the observed weaknesses
and creates stronger pull effects on purchasing decisions, enables behavioural change and
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facilitates a potential shift of the economy as a whole. The proposed Circular Economy
Taxation Framework (Fig. 1) attempts to reconcile the diverse objectives of the different
proposed taxes towards a common overarching aim, that of a circular economy transition.

The main outcomes of the potential implementation of a natural raw material tax indicate
that (a) the level of the tax needs to be sufficiently high to have an impactful effect and (b) that
the application needs to be horizontal to avoid materials substitution and to increase overall
resource efficiency. Moreover, the implementation of the tax would result in competition risks
across industrial sectors and national economies. The introduction of resource use taxes would
contribute in establishing a competitive advantage of second hand goods (reuse) or services
that substitute resource inputs, e.g. in the case of product-service systems [47]. Additionally,
from a dynamic efficiency perspective, the tax could make R&D investments in such resource
efficient business models (also known as circular business models) more competitive and in
this way could influence innovation trajectories towards more resource-efficient patterns of
production and consumption [10].

In the “Value Added Tax Reduction in Product Repair and Reuse” section, a critical barrier
identified had to do with the difference in price between repairing existing products and buying
a new product. When the price of new products increases, consumer preference towards
repairing existing products—instead of buying new—also increases. Therefore, the introduc-
tion of a high material input tax coupled with a “generous” tax relief for repairs would
incentivise consumers to choose repairs and prolonging the life of products. Moreover, the
analysis of the effect of a waste hierarchy tax showed that waste generally would be redirected
towards higher waste management options in the hierarchy, resulting in more recycling and
potentially higher repair and reuse of EOL products. Although the effects of reuse were not
captured by the CGE modelling by Lokrantz [34], it is a logical conclusion that waste holders
would seek to avoid waste management fees and taxes by avoiding landfilling, incineration
and recycling, and choosing to repair and reuse their existing equipment—to the extent
possible (when ruling out the possibility of illegal disposal). If it is not possible to reuse the
entirety of the EOL equipment, there is still a potential to salvage components and spare parts,
thus reducing the level of material wastage [33]. In turn, salvaged parts could feed in repair
activities, making them even more affordable to consumers by further sinking the cost of
repairs. Salvaged components from EOL equipment could be sourced in lower prices than new
spare parts (although this depends case by case). Moreover, in the case that spare parts are
discontinued by the original manufacturer, the salvaged parts constitute a valuable source that
enable the repair of a broken equipment that would have to be wasted otherwise.

Looking at all the elements of the proposed framework together, it is possible to discern a
“sandwich” effect which pushes for more intense use of products over their lifetime and could
more generally lead to product life extension, a prominent circular economy strategy [58]. The
high price of using virgin raw materials from one side, and the high price of wasting raw
materials on the other side, would ultimately lead consumers towards choosing more and more
repair and reuse options which come with lowered costs (tax relief).

The Circular Economy Taxation Framework presented in this contribution can stand alone
as an economic policy intervention, and it constitutes a holistic approach including all life-
cycle stages of production and consumption, in a way that each of its constituent elements
could not have addressed individually. However, its effectiveness towards achieving a wider
multi-level and multi-stakeholder objective, such as the transition to a circular economy, would
be limited if not complemented by an array of other policy instruments [59]. For instance, the
taxation framework includes premises that affect market failures (externalities) and
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behavioural aspects (economic preferences) but fails to address sufficiently governance and
institutional aspects. In the case of the natural raw material tax, issues concerning competi-
tiveness between industries and national economies came up which could undermine the
effectives of the tax if no counterbalance measures are taken. In the case of the repair tax relief,
the empirical evidence showed a lack of public information that hampered its effectiveness.
Moreover, the current production practices undermined the effectiveness of the tax since the
difficulty of repairs and unavailability of spare parts were contributing factors to increased
costs of repairs despite the tax relief.

The Circular Economy Taxation Framework could also be a useful add-on to existing CE
policy frameworks, for steering consumer and firms preferences and internalising external
costs. For instance, Milios [19] developed a comprehensive policy framework for material
resource efficiency in the EU, which was lacking major fiscal components (Fig. 2). The
Circular Economy Taxation Framework complements the Milios [19] framework, by adding
the necessary economic elements in the policy mix, while the Circular Economy Taxation
Framework benefits from the proposed policy instruments in several ways. The Ecodesign
Directive (2009/125/EC) can regulate the durability, disassembly and recyclability of products
as well as the availability of spare parts. By making products more easily repairable, the cost of
repair would fall respectively and adding the tax relief on repairs, it would make it a more
attractive and economical option. Moreover, a quality label for reused equipment would boost
the confidence of consumers to trust the repair and remanufacturing processes, and coupled
with the tax relief on repairs, it would increase their willingness to purchase reused goods.
Finally, the proposed target for reuse (Fig. 2) could be facilitated by the waste hierarchy tax
which does not assign any additional cost to the “reuse” option rendering it the de facto
preferential option (not considering other associated costs of sourcing, repairs and
distribution).

Finally, an efficient policy mix needs to consider the socioeconomic context of its imple-
mentation, including the potentially affected actors and interest groups, for instance firms that
might lose market shares or investments as well as consumers [60]. This implies the need for
certain approaches in the policy mix, which can redistribute revenues from the raised taxes
back into the affected industries to provide support for implementing resource-efficient
changes and innovation or develop skills training to create new job opportunities [10].

Conclusions and Future Research

The proposed CE fiscal policy framework constitutes an early attempt to reconcile economic
considerations in the life cycle of products as a reasonable policy proposal that complements
the overarching resource efficiency policy mix, as presented for instance in the EU strategy
[61]. The framework includes a natural raw material tax, a repair/reuse tax relief and a waste
hierarchy tax, which overall contextualises the first research question of this contribution.

To address the second research question, each of the constituent elements of the framework
was individually scrutinised for their potential effectiveness and challenges of implementation,
followed by an integrated discussion of the framework as a whole and in relation to other (non-
economic) policy instruments.

At the material extraction stage, a tax imposed in a region would directly affect international
trade of the targeted commodity. Therefore, counterbalance measures would be required to
neutralise the negative environmental effects of potential shift in production location that a
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resource tax would possibly lead to. The possibility of material substitution constitutes a
critical factor for the effectiveness of resource input and consumption taxes and forms a major
drawback if designed to address a single material resource. Taxing a single material might
result in substitution rather than overall resource efficiency. Further, the potential substitutes of
the taxed material may have other unpredictable environmental disadvantages, such as higher
energy intensity or lower recyclability.

In the case of the Swedish VAT reduction in repair services, implemented since 2017, the results
showed that it has notmade a significant impact. However, some of the interviewed companies have
observed an increase in the number of repairs. Despite this, the majority of the interviewees could
not link the increase in repair frequency to the respective tax change. This implies that comple-
mentary policies and/or initiatives are needed. Suggestions to increase the number of repairs include
better communication to the public in order to increase the awareness of the tax.

The CGEmodelling results of the waste hierarchy tax showed a generally positive impact on
waste generation and recycling, with minor negative effects on GDP growth and productivity.
From the different scenarios analysed, the application of the waste hierarchy tax coupled with
government subsidies to the recycling sector showed the highest potential for implementation.

Taking into account the specificities of each of the analysed economic interventions, it
becomes apparent that the full potential of the individual instruments can only be realised
when combined within a comprehensive policy framework including other economic, admin-
istrative and informative policy instruments. The fast evolving literature on the governance
aspects of CE and the enabling policy approaches would benefit from the findings of this
research by integrating some of the proposals and generating further research avenues or road
mapping exercises for transition.

Further research is required both at the individual instrument and at the framework level.
Each of the tax proposals needs a more detailed examination for its specificities of implemen-
tation, following the results of this study. Also, further research is needed for integrating the

Fig. 2 Material resource efficiency policy framework with a life cycle perspective, developed by Milios [19]

Circular Economy and Sustainability (2021) 1:477–498 495



individual instruments in a consistent and comprehensive way to strengthen its overall impact
on the policy mix. The integrative approach could make use of quantitative economic
modelling to produce actionable results. However, the sheer complexity of the economic
interactions within the proposed framework and across economic sectors might prove partic-
ularly challenging. Application within a national economy, as in the case of Sweden, might be
a first step. Application of the framework to a wider context, e.g. the EU, could be of high
significance under the new CE strategy and the “Green Deal” for Europe.
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