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Abstract
The global ambition to reduce greenhouse gas emissions, gives an enormous push to the
production of renewable energy sources and to the production of batteries. Batteries
used in electric vehicles require six times more raw materials such as lithium cobalt and
nickel than in conventional cars. Consequently, cobalt is labelled as a critical material and
lithium and nickel are expected to become a problem within 50 years. The
implementation of circular economy has the potential to overcome this problem of
resource scarcity and integrate the ecological interests into the economy. Nevertheless,
theories on CE miss the elements of a social transformation that is needed for a successful
implementation. Therefore, this thesis aims to increase the understanding of how the
implementation of a circular economy leads to ecological modernisation by analysing the
integration of the ecological rationality into the political and economic rationality in the
battery sector in the Netherlands and the EU. The results show that the ecological
rationality related to resource scarcity is increasingly being integrated in policies and
business models, albeit on a superficial level. The political rationality and the economic
rationality both coincide and clash with the ecological rationality. Interestingly, the
results present two dominant ecological rationalities in the battery sector which interact
with each other and are even in conflict. One is focused on climate change and one on
resource scarcity. Eventually, it becomes clear that if fundamental ecological reform is to
be achieved, a clear distinction between ecological rationalities is necessary, while not
addressing them in isolation.
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1 Introduction
1.1 Context
1.1.1 Limits to growth
Resource scarcity is becoming increasingly important because of the rising
demand of earths metals and minerals for the realisation of the energy transition. In 1972
‘Limits to growth’ was published, which for the first time used a simulation model that
took a global, long-term perspective estimating the boundaries of earth’s population,
resources and economy (Meadows et al., 2013). Later, Rockström et al. (2009) continued
calculating the biophysical limits to growth and introduced the term ‘the planetary
boundaries’. The limits to growth report claimed that ‘if the present growth trends in
world population, industrialization, pollution, food production, and resource depletion
continue unchanged, the limits to growth on this planet will be reached sometime within
the next one hundred years’ (Meadows et al., 2013, p. 23). It was the first report to
highlight the finite character of the earth; there will be an end to the amount of resources
the planet can provide us with. Moreover, it was one of the first contributions to expose
the challenge of increasing economic growth within a finite ecological space. The finite
character of the earth creates many difficult trade-offs, mostly concerning choosing
between present benefits and future benefits (Meadows et al., 2013). At the time of
publication ‘modern society has not learned to recognize and deal with these trade-offs’
(Meadows et al., 2013, p. 86).
In the meantime, almost 50 years later, various new concepts and models have
been developed to deal with the finite character of the earth and the trade-offs that come
with it. Examples of widely known and accepted concepts are ‘sustainable development’,
‘circular economy’, ‘industrial ecology’, ‘green industry’ and ‘cradle-to-cradle’ (Gaustad et
al., 2018). Generally, the decoupling of economic growth and ecological input is at the
core of these concepts. These are models that focus on moving from ‘linear’ to more
‘circular’ modes of production. The aim is to minimise waste and emissions and close the
material and resource loops, which provide a solution to deal with increasingly scarce
resources, declining ore grades and the accumulation of waste (Lieder & Rashid, 2016;
MacArthur & Stahel, 2019; Prior et al., 2013). Nevertheless, until this day the linear model
based on extraction, production and disposal is still dominant (Bigliardi & Filippelli,
2021). Although this linear model has enabled exponential growth in welfare, the finite
character of natural resources is demanding a paradigm shift (Bigliardi & Filippelli,
2021).

1.1.2 Energy transition and natural resources
Since the Club of Rome published ‘Limits to growth’, various initiatives have come
up to take the environmental boundaries into account. One of these initiatives addresses
the climate crises and multiple Climate Change Conferences for the Conference of the
Parties (COPs) have been organized, of which COP26 in Glasgow has recently taken place.
These conferences aim to reduce the emissions of greenhouse gases (GHGs) globally, by
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keeping the increase in average global temperatures below 1.5 degrees and similarly
having net zero emission by mid-century (United Nations Climate Change, 2021). To
reach these goals, there is a need to switch to renewable energy sources such as solar and
wind and products such as Electric Vehicles (EVs). However, as emphasized by the
Resource Wende on 28 and 29 October (Stichting Toekomst Akkoord, 2021), to realize
this renewable energy transition, critical minerals and metals are needed for the
production of clean energy technologies. The International Energy Agency (IEA, 2021)
has calculated the expected growth in demand of these minerals, which are shown in
figure 1 and 2. Especially the demand of minerals needed for the production of EVs are
expected to rise at least four times by 2040, such as lithium, graphite, cobalt and nickel
(figure 1). According to González and de Haan (2020), the core of this energy transition
is the production of lithium-ion batteries, which are made based on nickel, lithium, cobalt,
manganese and graphite. The demand for lithium and cobalt is estimated to grow by
500% by 2050 (González & de Haan, 2020). Nevertheless, the supply of these minerals
come at high social and environmental cost, such as community conflicts, abuses, child
labour, heavy pollution, exposure to toxics and many more (González & de Haan, 2020).
The battery paradox report written by González and de Haan (2020) outlines these
serious human rights and environmental risks and advocates for alternative strategies to
reduce emissions.

Figure 1: mineral demand for clean energy technologies (IEA, 2021)
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Figure 2: Increase in demand for mineral per transport and power generation (IEA, 2021)

However, even if all these detrimental social and environmental risks in the
production of clean energy technologies were solved, the problems of availability and
accessibility of these critical minerals remain. They are finite in nature and at some point
it will cost more energy to extract them than they ever will be able to compensate in
renewable energy technologies. As illustrated in figure 2, EVs - being dependent on the
supply of lithium-ion batteries - are a good example of the problem as they require six
times the mineral inputs of a conventional car (IEA, 2021). Figure 2 demonstrates the
complexity of addressing environmental problems. Dealing with the first environmental
problem - climate change - creates a need for renewable energy technologies and thereby
generates a new environmental problem; resource scarcity. Reinhardt et al. (2019)
recognize the observed problem that lithium-ion batteries needed for the production of
EVs are expected to face substantial resource scarcity in the near future. As a result of this
growing mineral demand, scarcity of raw minerals is advancing, resulting in excessive
price spikes (Idzelis, 2021; Prior et al., 2013; Young et al., 2021). Over the past 12 months,
lithium prices have quadrupled to a record high in China, the biggest producer of lithium
(IEA, 2021; Yutong & Jia, 2021). Ultimately, businesses heavily dependent on these
materials have no choice but to look for ways to deal with this problem (Gedam et al.,
2021).
For businesses the growing problem of resource scarcity can be translated into a
strategic question. Because of the increasing scarcity, companies have to deal with
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increasing risk of supply shortages. Consequently, there is a need to develop strategic
responses to mitigate that risk. Examples of such strategies include securing the
resources through long-term contracts with suppliers, owning the origins of supply,
forcing innovations to reduce or eliminate the need for the scarce resources or adding
price premiums to products that rely on scarce materials (Young et al., 2021). Another
way of dealing with critical material supply is through the implementation of circular
economy principles in the business models, supply chain, operations and end-of-life
management (Gaustad et al., 2018). In that way, the provision of materials for production
can be ensured.

1.1.3 Circular Economy and 10 R Framework
The circular economy offers a sustainable way of production, mitigating the risks
of resource scarcity. Circular economy can be defined as ‘an economic model aimed at the
efficient use of resources through waste minimisation, long-term value retention, reduction
of primary resources, and closed loops of products, product parts, and materials within the
boundaries of environmental protection and socioeconomic benefits’ (Morseletto, 2020, p.
1). A concept closely related to circular economy is Cradle to Cradle, which goes a step
further by suggesting that the raw materials used in products should maintain the same
level of quality through the life cycle of multiple products. Then, it would be possible to
ensure the future supply of materials since all ingredients are treated as nutrients for the
next cycle (Krajner & Pracek, 2019). Other terminologies that overlap with circular
economy are ‘closed-loop economy’, ‘industrial symbiosis’ and ‘green supply chain
management’ (Morseletto, 2020).
Within the circular economic model, several ‘R’ frameworks have been proposed:
the 3Rs of reduce, reuse and recycle, 6Rs and 9Rs. The 10R framework is considered the
most nuanced one. In that framework, 10 hierarchical strategic R’s are distinguished that
all contribute differently to the goal of circular economy. According to Cramer (2017)
these R’s are: Refuse, Reduce, Renew, Re-use, Repair, Refurbish, Remanufacture, Repurpose, Recycle and Recovery. These are closely related to the 10 circular economy
strategies of Morseletto (2020), who also visualised levels of circularity as shown in see
figure 3. Only ‘Rethink’ and ‘Reduce’ are switched in order and ‘Renew’ has become
‘Rethink’, Although the higher R’s slightly differ per paper, it is agreed that recycling and
recovery are the least desirable ways of circularity. The higher on the ladder, the more
value of the resource is preserved. Obviously, if resources are not used in the first place,
through refusing, reducing and rethink, the environmental impact is the smallest.
Moreover, the measures at the bottom such as recycle and recovery, generally require
more energy and are therefore less favourable.
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Figure 3: Circular economy strategies in levels of circularity (Morseletto, 2020)

Although in theory adopting the principles of circular economy and the 10R
framework of figure 3 within businesses is a way of addressing the growing scarcity
problem, it should be noted that the transition toa CE comes with a lot of challenges. Both
governments and companies have a role in realising the transition to a circular economy.
The global ambition to transition to renewable energy sources, the social and
environmental consequences associated with it and the predicted resource scarcity ask
for drastic measures to take care of and maintain the resources that are already available.
Stimulating and realizing a CE is the most feasible way to tackle this problem of resource
scarcity.
In theory, implementing and adopting a CE appears to be the ideal solution.
Nevertheless, there is a huge gap between what the theory suggests the potential of CE is
and how CE actually manifests itself in practice. According to Blok (2020), CE has a
transformative potential, but the whole society needs to change in order to realise this
potential. Because of a lack of attention for this social dimension, the potential of CE is
currently not being realised. There is literature on circular transformative governmental
policies and literature on the potential of CE for businesses, but as will be discussed below
those opportunities are not linked to the social and fundamental transition that is needed.

1.1.4 Governmental policies on circular economy
One of the strongest international institutions to develop policies and stimulate a
CE is the European Union (EU). In Europe, but especially in the Netherlands, various
policy instruments are being proposed and negotiated to stimulate the development of a
CE (Construcía, 2020). In 2020, the EU launched a new ‘Circular Economy Action Plan’
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(CEAP), as one of the main building blocks of the EU Green Deal (European Commission,
2020). Main objectives of the CEAP are to reduce the amount of waste, make sustainable
products the norm in the EU and focus on the sectors that are most resource intensive
such as the electronics sector, batteries and vehicles and more. More nationally in the
Netherlands, the Ministry of Infrastructure and Environment and the Ministry of
Economic Affairs commissioned a report on the transition from a linear to a circular
economy, called ‘The Netherlands Circular in 2050’ (Het ministerie van Infrastructuur en
Milieu & Het ministerie van Economische Zaken, 2016). The government has a broad
package of tools it can use to stimulate businesses to become more circular.
In addition to European and national Dutch policy options, other forms of
collaboration in the form of partnerships to realise a transition towards a CE have been
established. Efforts are made between (international) governments, businesses, NGO’s
and academics to ensure a human and environmentally friendly production of batteries
in the Global Battery Alliance (BGA) and the European Battery Alliance (EBA). One of the
objectives of these alliances, is to support companies to accelerate the transition towards
a CE for batteries (Global Battery Alliance, 2021). Within the EBA, the topic of securing
access to raw materials is addressed in the Raw Materials Alliance (RMA). In these
reports, the urgency to address the global battery value chains is coming from social and
environmental risks. Resource scarcity is not (yet) mentioned as a main problem
(European Commission, 2021). Although the RMA acknowledges the need to secure
access to raw materials, the threat of completely running out is not stressed (European
Commission, 2021).

1.1.5 Company strategies and circular economy
The translation of a CE to businesses is challenging and operationalizes itself in
the business model. Companies trying to implement the principles of CE, have to
completely rethink their value proposition (Bigliardi & Filippelli, 2021). By trying to
implement the CE principles within business models, various similar concepts are being
discussed, such as ‘sustainable business models’, ‘circular business models’, ‘business
model innovation’, ‘circular business model innovation’ and ‘sustainable business model
innovation’. Geissdoerfer et al. (2020) observed a lack of clarity between these theoretical
conceptualisations and therefore performed a literature review to clear up and define
these concepts. First, it is important to define the purpose of a business model (BM),
which is to describe the rationale of ‘how an organization creates, delivers and captures
value’ (Osterwalder & Pigneur, 2010, p. 14). It summarizes the strategic and
organizational choices a firm makes to gain competitive advantage (Bigliardi & Filippelli,
2021). In addition, the BM outlines the financial and organizational construction of how
a company creates (economic) value out of resources and capabilities.
As a response to the current social and environmental issues which the economic
system is facing, a new BM has been introduced called the ‘sustainable business model’
(SBM). It allows companies to include sustainability ambitions in the three dimensions of
value proposition, value creation and delivery, and value capture (Bigliardi & Filippelli,
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2021). Measurable environmental and social values are combined with economic value,
including the society and environment as key stakeholders. Another model trying to
include concrete strategies to account for the environmental damage is the ‘circular
business model’ (CMB). Bigliardi and Filippelli (2021) illustrated the relationship
between SBM and CBM in figure 4.

Figure 4: Traditional, sustainable and circular business models (Bigliardi & Filippelli, 2021)

The literature on the development of those business models focuses mostly on the
internal and organizational dynamics of the transition from linear to circular models.
Nevertheless, the social, economic and political context in which businesses are
(externally) stimulated to change, are disregarded (Blok, 2020). More insight is needed
into how socio-economic and political drivers enable CE transitions within businesses.
Tura et al. (2019) identified 7 main categories of drivers and barriers for businesses to
implement CE principles. The institutional category, referring to governmental
regulations and support, is one of the barriers of CE to be integrated into business models.
Although efforts of policy plans have been made to stimulate the integration of CE, the
concrete implemented measurements and instruments that encourage actual transition
to CBMs are not clear and could be investigated in more detail.

1.2 Problem statement
In the field of CE, little attention is paid to the relationship between resource
scarcity as a pressure for fundamental environmental reform, circular business model
innovation and circular policy development within governments. As a result there is a
lack of knowledge and understanding about this relationship.
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As outlined above, multiple reports indicate that resource scarcity is expected to
create massive supply shortages in the next 50 years, especially in the sector of battery
production for EVs (IEA, 2021; Reinhardt et al., 2019; Stichting Toekomst Akkoord,
2021). Forecasts show that the demand for those EVs is expected to rise extremely (IEA,
2021), increasing resource scarcity issues. It is in the interest of the environment to
effectively deal with the deprivation of the available resources. In theory, the transition
from a linear to a circular economy and including the ecological boundaries in the
economy is suggested as the best way to deal with resource scarcity (MacArthur, 2013;
Morseletto, 2020). However, to what extent resource scarcity is already driving business
to transition to a circular economy is yet to be explored. Literature on implementing CE
in business models has been mounting in the past five years. The growing theories on
circular business models are a start, but the drivers for actual implementation and
execution of those models remain poorly investigated (Blok, 2020). Moreover, literature
acknowledges the barriers the implementation of a CE faces and emphasizes the
importance of the government, both nationally and internationally, working together
with businesses (Tura et al., 2019; Wrålsen et al., 2021). Nevertheless, the societal
dimensions that facilitate the transition to CE, in terms of political and economic reform,
remain unexplored. Another theory than CE is needed that addresses this societal reform.
The ecological modernisation theory as a theoretical framework includes the essential
components of a societal transformation through the distinction of rationalities: the
political, economic and ecological rationality. The theory is thus capable of using multiple
societal dimensions in a system analysis.
The Ecological Modernisation Theory (EMT) offers a theoretical framework which
helps to include this societal dimension. Central in EMT is the concept of ‘ecological
rationality’, which is considered an independent epistemology alongside economic and
political rationalities (Mol et al., 2009). The ecological rationality is to emancipate itself
from the political and economic spheres. One of the core characteristics of ecological
modernisation is the increasing importance of the ecological rationality in governing
institutional designs (Mol & Jänicke, 2009). Resource scarcity as a concept represents the
ecological boundaries of the planet and could thus represent the ecological rationality of
EMT. The theory claims that through external environmental pressures and policies, the
economy and the environment become increasingly more integrated. According to EMT,
the most realistic way forward is through ecological modernisation, where the natural
boundaries of the earth are integrated into the economic system through ecologising the
economy and economizing the ecology.
The question then rises to what extent ecological modernisation is taking place in
the battery sector? Is the transition from a linear to circular economy a manifestation of
EMT? More specifically, to what extent are current circular governmental policies and
circular business models integrating the ecological rationality and realising ecological
modernisation? Theoretically, ecological modernisation in the battery sector could be
achieved through realizing a CE. However, research on the potential to reach ecological
modernisation through CE in practice is lacking. So what does it look like in practice? Is
CBMI indeed a manifestation of the ecological rationality?
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1.2.1 Research objective
The research objective is to increase understanding of how the implementation of
a circular economy leads to ecological modernisation by analysing the integration of the
ecological rationality into the political and economic rationality in the battery sector in
the Netherlands and the EU.

1.2.2 Research question
Therefore, the main question of this thesis is: ‘to what extent is the ecological
rationality integrated in the political and economic rationality of the battery sector in the
Netherlands and the EU, through implementing a circular economy?’

1.2.3 Guiding questions
To answer the research question, several guiding questions have been formulated,
which are addressed in the rest of the chapters accordingly. The guiding questions are:
1. How is a EV battery produced, which resources are needed and how scarce are
these resources? (chapter 4)
2. How do Dutch and European circularity policies lead to the integration of the
ecological rationality in the economic and political rationality in the battery
sector? (chapter 5)
3. How does CBMI in the battery sector lead to the integration of the ecological
rationality in the economic rationality? (chapter 6)
4. Which other factors contribute to the integration of the ecological rationality into
the political and economic rationality in the battery sector? (chapter 7)

1.3 Outline
To answer these guiding questions and subsequently the research question, the
following chapters are created. Chapter 2 elaborates on the theoretical framework and
links the ecological modernisation theory to the theories on circular economy in the form
of circular policies and business models. The methodology for gathering data is outlined
in chapter 3. Chapter 4 to 7 aim to answer each guiding question after which the main
research question is answered in chapter 8. After the conclusion, several considerations
are outlined in the discussion going into what the results mean, how they relate to each
other and what the results mean for the theoretical discussion. Chapter 8 finishes with
recommendations for future research.

2 Theoretical framework
The theoretical framework offers an analytical framework through which the
relationship between resource scarcity, circular business model innovation and
governmental circular policies are analysed. The framework consists of two core
components. First, the principles of the Ecological Modernization Theory are defined
14

which are then connected to the principles of a circular economy. Subsequently, circular
business model innovation is introduced as a possible way in which EMT operationalises
itself. For this thesis, I explore how circular economy principles integrated within policies
and circular business models could be a manifestation of ecological rationality of EMT to
deal with resource scarcity.

2.1 The Ecological Modernization Theory
The principles of CE set an ideal, but lack the transformative theoretical
perspectives to actually realize the transition from linear to circular economic systems.
The Ecological Modernisation Theory (EMT) offers a perspective on how to analyse and
realize such fundamental environmental reform. According to Weale (1992), ecological
modernisation as a theory offers a view on the relationship between the economy,
society, the environment and public policy. The central object of reflection is the
transformation process of modern society towards an ecologically sound one (Mol,
1995). Jänicke (2008) defines EMT as systematic eco-innovation and its diffusion
processes. EMT was first mentioned in 1982 in the Berlin parliament and was quickly
picked up and further developed by academics in Germany, the United Kingdom and the
Netherlands (Mol & Jänicke, 2009; Weale, 1992). According to Mol (1995), Joseph Huber
is the founding father of EMT, as from 1982 onwards he started to give EMT a central
place in his writings on the ecological crisis and social transformation. Huber (1985)
created the Schumpeterian model within EMT, in which the focus for ecological reform
lays heavily on technology as a motor of change. In addition, Huber famously suggested
that EMT is a discourse in which the industry is restructured in such a way that ‘the dirty
and industrial caterpillar transforms into an ecological butterfly’ as restated by Sonnenfeld
(2009, p. 372). Jänicke (2008) also contributed significantly to the debate and to the
development of EMT, through comparing EMT to other socio-economic and
environmental theories and thereby keeping EMT up to date.
EMT as a theory was new, because it did not only include the government as a key
actor in environmental reform, but also gave the market and its actors a central role
(Huber, 1985). Currently, the fact that both the state and market have a responsibility to
contribute to better environmental protection is still relevant, albeit within the
framework of modern societies. Modern society is in contrast with the traditional society
in which, according to Bookchin (1980), the relation between man and nature is altered.
Bookchin (1980) argues that a modern society consists of inorganic systems which
alienates man from nature and eventually man from man. EMT highlights the importance
of viewing economic actors not solely as forces of environmental disturbance, but also as
forces for positive change (Mol & Jänicke, 2009). The breakthrough of concepts such as
‘Sustainable Development’ and ‘Circular Economy’ helped to change this perspective on
economic actors. Moreover, according to EMT scholars, the role of the state in
safeguarding environmental quality is still important, but is restructured from
‘bureaucratic, hierarchical and command-and-control to more flexible, decentralised, and
preventative institution, creating networks with other societal actors’ (Mol & Jänicke, 2009,
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p. 3). Additionally, political modernisation in the form of restructuring the role of the
state, is EMT’s answer to state failure, in which environmental aspects are integrated
much more into sectoral policies such as agriculture, transport and energy (Mol & Jänicke,
2009). Thus, both economic actors and governmental institutions play a role in
integrating environmental priorities within the economy.
Another key aspect of EMT are the technological transformations that allow for
both economic growth and environmentally friendly development. Where first
technological innovations were seen as a means of displacing environmental problems,
EMT scholars developed a more positive attitude towards technological innovations and
even considered it as an indispensable part of any path towards sustainability. However,
the role that technology plays in EMT changed over time. Two changes especially stand
out. Firstly, instead of offering end-of-pipe solutions, technology now has a more
preventative role. Secondly, instead of focusing on the role of individual technologies,
now technologies are part of more complex socio-technological systems, ‘combining
technological hardware with new management concepts, new ownership relations, new
prizing mechanisms, new role of the states etc.’ (Mol & Jänicke, 2009, p. 5). Thus, the role
of technology within EMT is evolving and adjusting to the societal context.
Besides the various roles of the actors and the technological focus of EMT, the
essence of the theory is that environmental interests are integrated with economic
interests. Put in other words, the ecological rationality is equally important as the
economic rationality. Historically seen, the economic rationality entered the traditional
pre-modern society during the nineteenth century during a process that is called ‘disembedding’ (Mol, 1995). In particular it was Polanyi (1944), who describes in the ‘Great
Transformation’ how a differentiation could be made between a political sphere, an
economic sphere and the life world. Increasingly, economic processes were separated
from traditional social structures within families and religion, giving rise to the economic
rationality. Even back in 1944, Polanyi already indicated that this growing independence
of the economic sphere and the emergence of economic rationality leads to the
deterioration of nature (Mol, 1995). Nature was seen as external to the economy, leading
to the ‘tragedy of the commons’. Currently in 2021, the economic rationality still prevails
and the linear economy is common practice (Leipold, 2021). Because the linear economy
is based on the assumption that resources are abundant, easy to source and cheap to
dispose, it induces high rates of resource extraction and waste production. This pressure
on resources leads to high environmental degradation and fragility and threatens the
competitiveness of businesses within Europe (Leipold, 2021).
According to ecological modernisation theorists, the solution to this problem is
the re-prioritization of environmental concerns. A process of ‘re-embedding’ of economic
practices takes place in which the ecological limits are respected (Mol, 1995). Instead of
de-modernizing and going back to old traditional structures, EMT only sees opportunities
to move forward and include the ecological dimension within the institutions of modern
society. It could be argued that the emergence of this environmental dimension was a
result of the increasing importance of the economic one. Without the deteriorating effects
of the economic processes on nature, no ecological rationality would be needed. Through
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the process of ‘re-embedding’, the ecological rationality is institutionalized in the
processes of production, consumption and within social practices (Mol, 1995).
Consequently, the process of production and consumption is judged and designed from
both an economic and ecological point of view. Mol emphasizes that in order to realize
this, the ecological rationality and ecological sphere have to be emancipated from the
long-standing dominance of the economic rationality in modern societies, called the
ecological shift. Nevertheless, this should not result in the abolition of economic
rationality. Vital in EMT is that both rationalities are balanced and prioritised equally. In
order to integrate the two, the ecological rationality first needs to gain the same
prominence as the economic rationality.
So how does ecological rationality concretely manifests itself in production and
consumption processes? Most widely used ecological criteria are the minimization of
energy input and closing the material cycles in the production-consumption chains (Mol,
1995). Also concepts such as ecological efficiency and environmental productivity are
used to evaluate the process of production and consumption from both an economic and
ecological perspective. They indicate similar measurements of the ecology ratio.
Ecological efficiency stands for the environmental input vs economic output ratio.
Environmental productivity refers to the output efficiency in terms of services or
commodities per used unit of natural resources. By conceptually acknowledging the
ecological rationality and sphere, EMT re-prioritizes the environment and brings it back
into the centre of social theory.
There are two complementary ways in which the prioritization of ecological
rationality is achieved; both trough ‘economizing the ecology’ and ‘ecologising the
economy’ (Mol, 1995). The idea of economizing the ecology is to protect the environment
with economic mechanisms in such a way that economic actors take environmental
considerations systemically into account (Mol, 1995). Where capital and labour are
production factors, nature might be a third. By pricing it appropriately through for
example environmental taxes, nature gets a rightful place in the economic game. Other
examples of elements that economize the ecology are environmental audits as a
precondition for economic investments, making insurance conditions more towards
environmental care and an increasing demand for ecological products. The second way
to prioritize ecological rationality is through ecologising the economy, which is focused
on integrating environmental aspects into the economy through increased ecological
rationality. In particular, systems in which the environment cannot be safeguarded, are
either restructured or replaced with ecological sound ones (Mol, 1995). Technological
innovations are key in this transformation to more ecologically sound material inputs and
outputs in the economic sphere. Monitoring the environmental impact of the energy and
material flows in production and consumption is therefore fundamental in ecologising
the economy. Ecological change is also supported through the supply of information on
the negative and positive environmental effects of products in the form of eco-labels, lifecycle assessments and tools monitoring ecosystem services.
All in all, there are various instruments actors can use to strengthen the
institutionalisation of ecological rationality in the same way economic rationality has
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been standardized. Nevertheless, analysing this environmental institutionalisation and
process of ecological modernisation remains challenging. EMT is both an
evolutionary/deterministic and ideological theory and its adequacy for analysing
contemporary processes of ecology-induced institutional change has to be evaluated
(Mol, 1995). In his analysis of the chemical industry, Mol (1995) identified six hypothesis
to investigate the explanatory power of EMT on the institutional developments in modern
society. These hypothesis assist in making EMT concretely applicable to empirical data.
The following three hypothesis are most applicable to the realization of CE principles in
the business sector (Mol, 1995, p. 58), namely:
1.
besides economic criteria, the ‘design, performance and evaluation of processes of
production and consumption are increasingly based on ecological criteria’
2.
‘modern science and technology play a pivotal role in these ecology-induced
transformations, which are no longer limited to the introduction of add-on
technologies or process-integrated adaptations, but include changes in product
chains, technical systems and economic sectors/clusters’
3.
‘private economic actors and economic and market mechanisms play an increasingly
important role in processes of ecological restructuring, while the role of state
agencies changes from bureaucratic, top-down dirigism to ‘negotiated rulemaking’
and the creation of favourable conditions for such transformation processes’
The remaining 3 hypotheses address the increasing participation of
environmental NGO’s in direct negotiation with economic actors, the global aspect of
ecological restructuring (which is not limited to one nation-state) and lastly, that other
de-industrialization initiatives are limited due to poor economic feasibility (Mol, 1995).
These hypotheses help in theoretically analysing empirical data on processes of
ecological transformation within businesses. Both the processes of ecological
transformation and ecological restructuring are fundamental for the realization of
ecological modernisation. Nevertheless, EMT offers an abstract model and view on how
the emerging ecological crisis changes central institutions. According to Mol (1995), EMT
is falling short in providing concrete, analytical concepts needed for explaining and
analysing ecological restructuring processes of institutional arrangements.
Sonnenfeld (2009) also evaluates the possibility to make EMT operational and
applicable to a case. He suggests that EMT has two long term and three short terms
objectives. ‘Resource conservation’ and ‘clean production’ are two ultimate objectives,
whereas ‘dematerialisation’, ‘waste reduction and elimination’ and ‘resource recovery
and reuse’ are three instant goals. Nevertheless, the actual process of ecological
modernisation through ecologising the economy and economizing the ecology is unclear.
These short and long-term goals are very similar to the principles of a circular economy,
including the 10R strategy, which emphasize resource and energy efficiency. The circular
economy as such is thus relatable to the hypotheses of EMT and is possibly a way in which
the ecological rationality integrates itself in the economy. Therefore for this research, in
addition to the hypotheses of EMT, the principles of circular economy are introduced as
framework through which environmental-induced transformation can be realised.
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2.2 Circular Economy
The Ellen MacArthur Foundation (2013) defines CE as an industrial system that is
‘restorative or regenerative by intention and design’ (p. 7). Hereby, MacArthur (2013)
identified three main principles of a CE. The first principle is to design out waste and
design products in such a way that they are optimised for a cycle of disassembly and
reuse. Secondly, a distinction is made between consumable and durable components of a
product. The durable products, such as cars, are unsuitable for the biosphere and are thus
designed from the start for reuse. Lastly, the energy required for this process is
renewable by nature as to increase system resilience and decrease resource dependence
(MacArthur, 2013). Figure 5 illustrates this industrial restorative system (MacArthur,
2013). Focussing on the technical nutrient cycle, the main change is that the concept of
the ‘consumer’ is replaced by that of the ‘user’. The dominant linear system of ‘buy-andconsumer’ is replaced by leasing, renting or sharing products, changing the relationship
between businesses and customers. In case products are sold, there is some sort of
agreement where the customer returns the product at the end of its use period
(MacArthur, 2013).

Figure 5: Industrial system that is restorative by design (MacArthur, 2013)
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Moreover, four sources of value creation have been identified, significantly
reducing the demand for new resources and changing the run rate of the required
material intake (MacArthur, 2013). The first one is the ‘power of the inner circle’ referring
to figure 6. The smaller the circle, the less a product has to be changed to be reused and
the more materials are saved. The second one is the ‘power of circling longer’, maximising
the number of cycles the materials go through, by recycling, remanufacturing or reusing.
The third source of value creation is through the ‘power of cascaded use’ referring to
diversifying reuse in the value chain. The last source is the ‘power of pure circles’ which
refers to pure material streams that are uncontaminated with other materials,
maintaining the quality of the materials while making collection and redistribution more
efficient.

Figure 6: 10 CE strategies (Morseletto, 2020)

These ways of value creation are closely related to the 10 levels of circularity of
Cramer (2017) and similarly to 10 CE strategies as defined by Potting et al. (2017), as
shown in figure 6. Similarly, the 10 R frameworks advocate for an order of priority, where
the higher on the ladder (or the smaller the circle), the more value of the resource is
preserved. The last form of value creating, the power of pure circles, is most related to
the ‘rethink’, where products are designed in such a way the materials streams are as
‘pure’ as possible. The power of cycling longer closely relates to the ‘extending lifespan of
product and its parts’, as these R’s aim for using and repairing the product as many times
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as possible. Lastly, the power of cascaded use links closely to repurposing and recycling,
where parts of the product and materials are used for different applications.
Most importantly, the 2013 report of the Macarthur Foundation recognizes the
importance of a new economic model based on the problems of resource depletion,
higher resource prices and supply disruptions. The new circular economy decouples
revenues and GDP growth from material input and aims for the elimination of waste
through the development new business models. Companies also noticed that the linear
system exposes them to supply risks, which indicates that resource scarcity is potentially
a reason for businesses to implement circular strategies.

2.3 Circular Economy and Ecological Modernisation Theory
Implementing the CE principles within governmental policies and businesses
could be a manifestation of ecological modernisation for several reasons. First, the
principles of the CE aim for decoupling economic growth from the ecological impact. For
example through minimising resource input and designing out waste, significantly
decreasing the impact of the economy on the planet. This goal is in line with the rationale
of EMT, as this decoupling allows for both the environment as the economy to thrive.
Secondly, the CE principles shed light on and raise new attention to ecological interests.
EMT claims that ecological rationality has to ‘catch up’ with the economic rationality. By
advocating for and adopting CE principles within businesses and governments, this
ecological interests gains greater attention and importance. Thirdly, MacArthur (2013)
claims that implementing the CE also provides financial opportunities. It was estimated
that (by looking at a subset of EU manufacturing) 380 billion USD to 630 billion USD of
annual net material costs could be saved by adopting the circularity principles. Thereby,
not only the ecological interest has gained more attention, it allows the economic
interests to prosper as well.
2.3.1 Circular governmental policies and ecological modernisation theory
The emancipation of the ecological rationality takes place within businesses but
also within government and governmental policies. Ecological modernisation does not
separately take place within the economic or the political rationality, but it happens
through an interaction between the different rationalities. In the political context,
ecological rationality manifests itself through the development of circular policies and
measurements that aim to include the environment in society and in economic decision
making. The government can use various instruments to steer towards an environmental
society. The most obvious one is law and regulation in which certain behaviour is
prohibited. Hereby, the government prescribes what are just and unjust activities within
the economic rationality. In ecological modernisation, the role of the government is
necessary in setting environmental boundaries. A second instrument is financial support.
Through subsidies the government can decide which projects and technological
innovations are promoted. Setting ecological preconditions for receiving this
governmental support, increases the integration of the ecological rationality in the
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economic rationality. Moreover, the government can stimulate ecological modernisation
by economizing the economy and making resources more expensive or the use of
recycled materials cheaper. According to EMT, the government is not acting in solitude,
but works closely together with the businesses in partnerships. Environmental laws and
regulations are made in dialogue, both to understand the market and to create a
willingness to change. Lastly, a great pre-condition for effective circular policies is
demonstrating what the current impact is of the economic activities. By carefully
displaying the environmental impact, it becomes easier to assess where the biggest gains
can be made. Through increasing transparency in obligatory sustainable reporting,
monitoring and labelling, awareness on the issues can be enhanced.
Technology plays a crucial part in EMT and is considered to help decouple
economic growth and environmental degradation. It facilitates that both the economic
rationality and the ecological rationality can thrive. The government can stimulate these
technological innovations with (research) subsidies.
2.3.2 Circular Business Models
Circular Business Models (CBM) are an expression of environmental principles
that are included in the operations of the economy. It is a possible form of ecologising the
economy, in which ecological rationality is included within a business model. In addition,
the development of new circular business models creates business opportunities and
ways of generating economic value.
In the CBM, generic BMs are combined with the principles of CE. After doing an
extensive literature search and combining over 13 definitions, Geissdoerfer et al. (2020,
p. 7), define CBMs as ‘business models that are cycling, extending, intensifying, and/or
dematerialising material and energy loops to reduce the resource inputs into and the waste
and emission leakage out of an organisational system’. In this definition they describe four
generic strategies to realise a CBM (see figure 7).
The first strategy is ‘cycling’, which is referring to the end of life strategies of
materials such as reuse, remanufacturing, refurbishing and recycling. The second
strategy for CBMs is ‘extending’, meaning that the use phase of products is extended
through maintenance, repair and long-lasting design. Thirdly, there is ‘intensifying’
aiming for a shared economy, where the use phase of the product is intensified. Lastly,
‘dematerialising’ is focusing on offering a service instead of physical products, so the goal
is to decouple resource use from the product service.
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Figure 7: Four circular business model (CBM) strategies (Geissdoerfer et al., 2020)

Those four strategies are similar to the four main logics for value creation through
CBM identified by Fehrer and Wieland (2021). The first one ‘efficient material-technical
loops’ is closely related to cycling, in that it aims to close the life cycle of materials. In
addition, the first logic of Fehrer and Wieland (2021) also aims for slowing and thus
prolonging the use of materials and goods, which is also related to the second strategy of
extending (Geissdoerfer et al., 2020). The second logic of ‘effective product-service loops’
is similar to dematerialising as it advocates for pay-per-use policies and creating value
through leasing or renting and replacing the product ownership. The third logic of ‘socialcollaborative loops’ is closely related to intensifying, as it favours a sharing economy to
exploit the unused capacity of produced goods. Lastly, they add another aspect to CBM in
‘symbiotic ecosystems’, emphasizing the importance of closing resource loops through
collaboration and networking.
In order to adapt these renovative circular strategies, innovation is fundamental.
In the past five years, research about business model innovation (BMI) related to circular
economy has gained increasing attention. BMI allows industrial practitioners to
implement circular economy at an organizational level, systematically shifting the core of
the business and rethinking value propositions and value chains. The combination of BMI
with the principles of CE generate the process of ‘circular business model innovation’
(CBMI). Although research about BMI and CBM has been increasing, the range of
definitions of CBMI remains limited. Geissdoerfer et al. (2020) merged the descriptions
thus far available in a definition of CBMI as the ‘conceptualisation and implementation of
circular business models, which comprises the creation of circular start-ups, the
diversification into circular business models, the acquisition of circular business models, or
the transformation of a business model into a circular one’ (p.8). In short, these four types
of CBMI describe the most prominent ways in which linear BMs transform to CBMs. They
differ in transformative effectiveness, which will be explained next.
Illustrated in figure 8, the first type, called the ‘CBM transformation’, portrays how
a current linear BM is transformed into a BM that incorporates the circular economy
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principles. In this first type, the core business is transformed to a circular one, changing
the business’ operations at a fundamental level. The second type ‘circular start-ups’,
illustrates how a new CBM is created independently. There is no direct connection with a
linear BM. The third possibility of developing a CBM, is through diversification, in which
new circular economy strategies are introduced within an existing organisation while the
original business model remains in place. The linear BM does not have to transform, but
is supplemented by a circular one. Lastly, the process in the right low corner, ‘CBM
acquisition’, realises innovation through merger and acquisition of business models that
have incorporated the circular economy principles. After acquisition, the linear BM’s can
also stay in place and is ‘just’ supplemented with a CBM, which has a very similar outcome
as the process of diversification.

Figure 8: Four types of CBMI (Geissdoerfer et al., 2020)

The level of ecologising the economy through the introduction of circularity
principles in traditional business models is difficult to determine and differ per
innovation process. Moreover, companies can combine the adoption of the four CBMI
possibilities, like changing the core of their business model while at the same time
investing in circular start-ups. Nevertheless, the effectiveness of the different types in
terms of circular economy outcomes differ. The transformation strategy in the upper left
is expected to have the highest potential impact, particularly because it replaces an
existing linear model with a circular one. Noticeably, adopting these CBMI strategies is an
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iterative process, that involves transformations both at the conceptual/strategic level
and in operational practices. Executing CBMI is an highly complex operation, because it
involves ‘decisions about how to recreate, redeliver and recapture value in every cycle the
product goes through in its lifetime, without compromising the attractiveness of the value
proposition to customers’ (Bigliardi & Filippelli, 2021, p. 5). The ability to quickly innovate
has become a fundamental component of a business’ competitive advantage. The role of
BMs in this process have shifted over time; from largely a planning tool of a company’s
activities to a tool that also includes firms’ performances and achieving sustainable
competitive advantage (Bigliardi & Filippelli, 2021).

3 Methodology
The methodology for achieving the research objective to increase the
understanding of the relationship between political, economic and ecological actors in
the transition to a CE, is multifaceted. Data was gathered in two different ways, both
through analysing policy documents and business reports and through doing interviews.
In addition, supplementary sources of information and knowledge were adopted in the
form of a resource conference and an interview on EMT. In determining which type of
data collection suited best, first the type of study needed to be defined. This study is crosssectional, because it is exploratory in nature and it is unknown whether there is a
substantial relationship between resource scarcity, policies and circular business
strategies or not (Bethlehem, 1999). The focus is on one sector, the battery sector, and
not on a specific company. Therefore this study is not a case study. The reason for the
focus on the battery industry is the fact that resource scarcity is expected to play a
significant role in the production of those batteries. The need to transition to renewable
energy sources creates an immense demand of renewable technologies and technologies
that can store energy, such as batteries. Therefore, it is important to understand if and
how the governmental policies and business strategies within this sector deal with the
predicted scarcity. Also, the study is cross-sectional because a specific point in time is
analysed instead of having a longitudinal study.

3.1 Data collection - documentation
The first method of collecting data has been analysing European and Dutch
governmental strategies on circular economy and circular business goals producing
batteries and/or EVs. In addition, reports on batteries and raw materials were explored.
These documents provided background information on the current political and business
visions. Central in this analysis has been which role the ecological rationality in terms of
resource scarcity played in political and corporate strategic decision making. It has been
especially interesting to look at policy plans regarding circular economy and how
resource scarcity in the business sector was addressed. The instruments the government
used to stimulate businesses to become more circular were explored.
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3.2 Data collection - interviews
The second method of collecting data was through a qualitative method in the
form of semi-structured interviews. The multi-dimensional character of this research
made it a complex investigation where the focus was on getting to know the behaviours,
intentions and decisions of businesses and governmental institutions regarding resource
scarcity. The method of semi-structured interviews was the most suitable for
understanding these underlying reasons and motivations (Ograjenšek, 2016). It made
sure to capture the imagery and language people use to relate to an environmental
problem, policy plan, the organisation etc. (Ograjenšek, 2016). Moreover, the relation
between resource scarcity, policy and the role of circular economy within businesses is
poorly studied, for which these interviews served as a starting point. Lastly, the
interviews helped to better understand the meaning and context of the earlier analysed
policy documents and business year reports.
Semi-structured interviews are one of the most commonly used data collection
methods and was also the most suitable form of interviewing for this research. Semistructured interviews offer a combination between open-ended questions that leave
room for the perspective of the interviewee and closed questions that guide the
conversation (Kallio et al., 2016). One of the main advantages was that the interviewer
was enabled to improvise follow-up questions based on participants responses (Kallio et
al., 2016). It is not always clear why businesses take certain decisions and what their
decisions are based upon. Executing semi-structured interviews allowed for the
exploration of these reasons and allowed for the possibility to identify unsuspected
elements (Kallio et al., 2016). Kallio et al. (2016) identified 5 interrelated phases on how
to structurally develop and conduct semi-structured interviews shown in figure 9. The 5
phases were executed as follows: 1) It was identified why and how semi-structured
interviews help to answer the research questions; 2) Executing a review on circularity
policies and business strategies in the battery sector to map and retrieve previous
knowledge; 3) Based on this review, the preliminary semi-structured interview guide
was formulated; 4) The interview guide and questions were modified bases on the
interview experiences; 5) the complete semi-structured interview guide was presented,
which was prepared in such a way that other researchers can use it as well.
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Figure 9: the phases of a semi-structured interview guide (Kallio et al., 2016)

The basis of the semi-structured interview guide containing the questions can be
found in Appendix A – C. Appendix A contains the remarks discussed before the start of
an interview, appendix B shows the outline of the questions for policy makers and
appendix C shows the outline of the questions for companies working with batteries.
Since the interviews were semi-structured, these questions served as a starting point.
Often times the questions were addressed in a different order. Likewise, when an answer
clarified multiple questions, some of them were skipped. The interviews took one hour
up to one and a half hours and were either conducted in Dutch or in English.
Appendix D shows a chronological overview of the subjects, including duration of
the interviews and the person’s relation to CE or the battery sector. In total, four different
types of businesses were interviewed, four people from the Dutch government and one
person working for a company that executes assignments for the government. Appendix
E shows the numbering of additional documentation provided per interview. In the rest
of this thesis, the referencing to these additional documentation is done through
numbering e.g. 1.2 refers to the second documentation provided by interviewee number
1 and 7.3 to the third documentation mentioned by interviewee number 7. These
additional reports, websites and policy documents were either provided before the
interview or came up during the interview. Of each interview transcripts are made, which
can be requested from the author of this thesis.
The transcripts were uploaded in the coding programme called ‘Atlas.ti’. The
transcripts were carefully examined through coding, creating a solid basis for the
analysis. Of the 9 transcripts, 64 codes were created, divided in 5 groups. The first code
group contained all the background information on the person’s job, but also general
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information on how batteries work and what the production process look like. The
second and third code group included codes on circular policies and circular business
models. The forth group involved all codes on the driving forces for the implementation
of a circular economy. Lastly, a code group was created that encompassed the process of
ecological modernisation and coded on economic and ecological rationalities and the role
of technology. Naturally, there were quotations that fell into multiple code groups as
some statements of the interviewees addressed more than one code and code group.

3.3 Method for finding interviewees
The method for finding interviewees has been two-folded: first there was
deliberately sought for information rich cases through convenience or ‘purposive
sampling’ (Ograjenšek, 2016). For this research that meant looking for business
collectives or interest groups working within the battery sector. Especially businesses
that are frontrunners on a circular economy were pursued or departments within
businesses that work on future challenges of resource scarcity. Similarly, policy makers
working on issues like resource scarcity and circular economy related to businesses were
identified and requested to join this research. The Resource Wende conference offered a
starting point, since it attracted people within businesses and governmental institutions
that are aware of the limits of the earth and actively working on it.
Secondly, new respondents were identified during the interviews through the
‘snowball method’. Particularly the snowballing method is applied when it is expected to
be challenging to access subjects within the study field. Snowballing means that existing
subjects help the researcher recruit new subjects from within their network (Ghaljaie et
al., 2017). An example for this research was an electric vehicle interest group that reached
out in their network for electric vehicle companies that were willing to participate in the
study. Moreover, people working in those companies were expected know more people
working within the same industry. They helped in recruiting new subjects from their
acquaintances. The snowball sampling ended because of data saturation. (Ghaljaie et al.,
2017).

3.4 Supplementary data
Besides the documentation and interviews, two supplementary sources were
adopted: participating in a resource conference and interviewing an EMT expert. The first
supplementary source of information has been the participation in a resource conference,
called ‘the Resource Wende’ on 28 and 29 October 2021. The conference is organized by
the Club of Rome, who in 1972 already predicted and calculated a resource scarcity. At
this event, both business people and politicians attended, who discussed the issue of the
predicted shortage of resources needed for the renewable energy transition. Moreover,
in the run-up to the conference, an elaborated document has been produced, outlining
various topics connected to resource scarcity. Examples of the topics are resources,
resource productivity, big-industry, energy and the EU Green Deal. This document in
combination with the visiting of the resource conference, was a way of collecting
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supplementary data for the investigation of the research question. Lastly, the conference
provided a starting point for finding interviewees.
The second source of supplementary data has been an interview with an EMT
expert: Arthur Mol on the 2nd of February 2022. The interview served as an additional
examination of the theory, next to what has been described in the literature. The current
applicability of EMT has been re-assessed, since the theory is a few decades old.

4 Background of batteries
This chapter answers the subquestion: ‘How is a battery produced, which resources
are needed and how scarce are these resources?’ It provides a background for the
ecological rationality that represents resource scarcity. The information is gathered
through the interviews and the additional documents that were provided in the
interviews. The additional documents are numbered (e.g. 4.3) of which the overview can
be found in Appendix E.

4.1 Production of batteries
First of all, batteries are needed for the energy transition, because they offer a
medium in which the energy generated by renewable sources, such as solar and wind
energy, can be stored (4). Battery storage is created when electricity is produced in
surplus and made available again when the production weakens. Moreover, batteries
make electrical energy available for mobile transportation applications that are not
connected to the power grid. Because of the ambition to transition to sources of
renewable energy, governments are supporting the building of many battery
gigafactories, which are bringing an unprecedented amount of battery storage onto the
market. The production of batteries requires large amounts of resources and some of the
businesses acknowledge that today’s investment in battery production could become
tomorrow’s massive resource and waste problem (4.2).
Through technological and chemical innovations, batteries are continuously
improved and different ‘generations’ have been produced. The development of batteries
started with the lead-acid battery in 1880. The second generation is the nickel-cadmium
battery (1900), the third is the nickel-metal hydride produced in 1980. Ten years later, in
1990, the lithium-ion battery (LIBs) made its introduction. The LIB is currently the most
common battery as it is the last official generation. According to interviewee number 4,
their company managed to create the fifth generation of batteries, called the solid-state
battery HPB in 2018 (4.1). Nevertheless, not all interviewees are aware of this (5 & 7).
When a battery reaches is end-of-life and cannot be reused or remanufactured, the
last option is to recycle the materials. There are two main ways of recycling, either
through hydrolysis or pyrolysis. Both processes require a lot of energy. According to 4.3,
lithium, cobalt, nickel and manganese are currently the primary focus of the recycling
processes.
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4.2 Resources needed for the batteries
In general, the fundamentals of the batteries are the same. The battery pack
consist of multiple battery modules which in turn consist of battery cells, as illustrated in
figure 10 (4.3). The battery cell consists of anodes and cathodes, as well as the separator,
which separates the electrodes from each other. High-grade materials are a keycomponent in the cathode as those are the active materials. The active material of the
cathode of the LIB often has the one of the following compositions: NCM111 (lithium
nickel manganese cobalt oxide), NCA (lithium nickel cobalt aluminum oxide), LCO
(lithium cobalt oxide) and LM(N)O (lithium manganese (nickel) oxide). Figure 11 shows
the material composition of these four main cathodes. Because of the use of these active
materials, the cathode is the most expensive part of the battery. Of these resources, cobalt,
lithium and nickel are considered the most critical metals in terms of economic
importance and availability and are therefore the focus of this thesis.

Figure 10: Fundamentals of the Battery (4.3)

Figure 11: Cathode composition (4.3)
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The Copper8 report (5.1) outlines the concerns of the growing demand of critical
materials such as cobalt, lithium and nickel and visualises the amount of critical materials
needed for the energy transition related to the application of other technologies. Figure
12 visualises the amount of cobalt needed for a battery for an electric car compared to
the amount of cobalt needed for a laptop and an iPhone. In an absolute sense, the demand
for sustainable energy technologies is many times higher than the demand for electronics.
For example, the battery NCM111 of an electric car contains 23.600 grams of cobalt and
8.300 grams of lithium, thus the cobalt demand of one electric car is equal to that of 3.300
iPhones (5.1)

Figure 12: amount of cobalt in an electric car compared to an iphone and a laptop

4.3 How scarce are cobalt, lithium and nickel?
The European Commission (EC) has developed a methodology for establishing the
EU list of critical raw materials (7.1). Basically, two parameters are central in determining
whether a resource is critical: 1) the economic importance of a material for the EU
economy and 2) the supply which is associated with high risk.
Generally, the supply of cobalt is considered the most problematic. This is because
of a few reasons. First of all, the majority of cobalt lies in the hands of one country: the
Democratic Republic of Congo (DRC). China has the biggest access to these resources and
is the biggest processor, making it critical in terms of who owns it (see figure 13).
Secondly, cobalt is mined under environmentally and socially poor circumstances,
involving the violation of human rights. Lastly, it is also scarce in terms of quantity
(interviewee 4). This is supported by interviewee 3, who was worried about cobalt in
terms of scarcity. Battery producers are aiming to reduce and even discard the use of
cobalt in the cell chemistry, decreasing their dependency on that material. Moreover,
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interviewee number 3 believes that if they manage the life cycle of the battery in a good
way, cobalt might not become such as issue as what they thought in 2019.
Nickel is mainly mined in Indonesia and processed in China (see figure 13). Nickel
could potentially be an issue in the future, both in supply and in price (interviewee 6).
Interviewee 4 recognizes nickel is rising in price, but says it is not very critical in terms
of availability. Nevertheless, China has gathered hold of this resources, so the market
control makes it critical and not the quantity or the amount.
According to interviewee 8, lithium will not be a problem for at least the 15 coming
years. After that they do not know. Lithium does not seem to be an issues in terms of the
availability, as it is available in different countries, from South America, to Australia, but
also in France and a little bit in Portugal and Spain. This is confirmed by interviewees 4
and 6, who claim that lithium is very available as well. The only issue is that it takes at
least 3 to 5 years to open a new mine within Europe. Because lithium is also available in
the EU, it is considered less scarce than nickel and cobalt (interviewee 8).
On the other hand, resources prices decide whether recycling does economically
pay off. So even when you have the best technology ever and resources stay cheap, no one
would spend money into recycling technology because it would not pay off (interview 4).
This is affirmed by interviewee 1, who claims that the resource prices should be higher.
Nonetheless, for interviewee number 8 the increased resources prices of nickel and
cobalt was, together with ecological considerations, the main reason to produce batteries
without these metals and invest in recycling facilities. So, economic incentives and
technological development are closely related and are both critical in the development of
fruitful CBMs (interview 4 and 6).

Figure 13: the shares of the biggest miners and producers of critical materials (5.1)

Moreover, whether resource scarcity will be a problem, heavily depends on the
development of the right technology (interview 4). If only batteries are used that do not
age, there would not be a resource problem. However, if business as usual continues and
32

the ‘old’ battery technologies keep being produced (and subsidized), there would be a
resource problem (interview 4). Similarly, interviewee 6 does not foresee any big scarcity
issues if a closed loop recycling for their materials is realized. The Volvo Group is aiming
to reach a closed loop (in multiple stages), they have people working on it, developed a
strategy for each material and consider it to fit within their normal business.
Nevertheless, the Volvo Group has not executed all their plans yet. Interviewee number 8
recognizes the limited availability of nickel, cobalt, lithium, copper and aluminium and is
trying to find ways to avoid the usage of these metals (especially nickel and cobalt).

5 Political rationality: the role of the ecological rationality
in battery policies of Dutch and EU governments
This chapter has the objective to answer the second guiding question of: ‘how do
Dutch and European circularity policies lead to the integration of the ecological rationality
in the economic and political rationality in the battery sector?’ As defined in the theoretical
framework, ecological modernisation in the governmental sphere is interpreted in terms
of circular policies and government instruments used to enhance the ecological
rationality in the battery sector. Governmental policies are the steering wheel of society
and support the institutionalization of the ecological rationality. Ecological
modernisation can be observed when instruments enhance the institutionalization of
ecological interests through stimulating a CE. Therefore this chapter first looks into which
circular policies are implemented in the Netherlands and subsequently in the EU.
Moreover, the instruments the EU and Dutch government use to enforce these policies
are discussed. Lastly, the clashes between the political rationality and the ecological
rationality are examined. Nevertheless, before the emancipation of the ecological
rationality in the political rationality can be assessed, a first observation of the results has
to be discussed.

5.1 The ecological rationality on climate change vs the ecological
rationality on resource scarcity
EMT offers a transformative theoretical perspective on environmental reform in
which the relationship between the environment, public policy and the economy is
central. Ecological modernisation means in essence that the natural environment,
expressed as the ecological rationality, is equally as important as the economic
rationality. In a process of re-embedding, economic practices take the environmental
limits into account, creating a win-win situation for both economic development and
environmental protection. Taking the emancipation of the ecological rationality as a
starting point, the empirical data shows two distinct ecological rationalities. The first
ecological rationality is concerned with climate change and the reduction of GHG
emissions, hereafter named EcoRCC. Terms related to the use of energy and related
emissions, such as a ‘fossil free economy’, ‘sustainable energy’ and ‘carbon footprint’
indicate the EcoRCC. The second distinct ecological rationality is concerned with the
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availability of critical metals such as cobalt, nickel and lithium, hereafter called EcoRRS.
EcoRRS encompasses scarce or critical metals crucial for the transition to a renewable
energy system and the strategies to preserve the scarce metals through implementing a
CE. Terms such as ‘recycling’, ‘reuse’, ‘closed-material loops’, ‘refurbish, ‘remanufacture’
etc. refer to EcoRRS. As a result of a rapid growth in demand, the scarcity of the metals in
EcoRRS is expected to increase, which serves as the starting point for this research.
Nevertheless, during the interviews and the analysis of the documentations, the
emancipation of ‘the’ ecological rationality appeared to be predominately related to
EcoRCC and to a lesser extent to EcoRRS. Most objectives related to ‘the environment’,
both by political and economic actors, are focused on reducing GHG emissions. There is a
common understanding that GHG emissions need to be reduced and that the industry
based on GHG is changing because of this understanding (interview 1).
At the same time, from an EMT perspective the two ecological rationalities are
closely related to each other as they both represent the environmental interests. Both
rationalities are, in EMT terms, to be internalised through ecologising the economy and
economizing the ecology. Partnerships, technological innovation and increased
monitoring and transparency facilitate the enhancement of the ecological rationalities
and the process of ecological modernisation accordingly. Generally, all interviewees
observe a growth of attention for the environment. As interviewee 1 describes: ‘there is
no newspaper that does not say anything about the environment and the climate’. Affirmed
by interviewee number 2 is that a change can be observed in which there is a common
realisation that the future needs to be climate proof and circular. Companies working
with batteries are also increasingly prioritising an ecological rationality. As interviewee
number 6 claims ‘if you do not take any action to become more sustainable, then in 10 years’
time you will go bankrupt’. In addition, interviewee 9 says ‘circularity is a hot topic,
everyone is talking about it and everyone thinks something needs to happen’. Despite this
observed increase in attention for these two rationalities, there are also some critical
voices to be heard. For example, interviewee number 7 claims ‘circular economy is only
practiced by mouth’ and interviewee number 1 says that ‘everyone is running, but the
actual results and implementation are very limited’. So EcoRCC and EcoRRS are still
connected in the struggle to be integrated in the political and economic spheres.
Nevertheless, it should be noted that the two rationalities are also to an extent
contradicting each other. For example, to satisfy EcoRCC and reduce emissions, materials
need to be extracted for the production of batteries (and other renewable energy
technologies). This increase in demand of critical metals has a negative effect on EcoRRS
which emphasises that the supply is limited (interview 5). Alternatively, to recycle the
resources and contribute to EcoRRS, a lot of energy is needed which is counteracting
EcoRCC (interview 6).
This shows that despite the fact both rationalities are connected, the interplay
between EcoRCC and EcoRRS is also complex and not always clearly understood or
distinguished in policies and business strategies. When referring to ‘sustainability’
‘circular economy’ or ‘environmental actions’, both rationalities can be insinuated,
making it difficult to determine which specific rationality is meant. Because of this
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difficulty, vagueness and complexity, for the rest of the analysis the emancipation of the
two ecological rationalities are considered as the emancipation of ‘an’ ecological
rationality or ‘the rationalities’, as it is not always clear which of the two (or maybe there
are even more) is meant. Nevertheless, when it is clear by the terminology which of the
two ecological rationalities is referred two, the distinction is made.
The emancipation of an ecological rationality is not secluded, but is related to
developments in the political and economic spheres. The idea of economizing the ecology
is to protect the environment with economic mechanisms in such a way that economic
actors take environmental considerations systemically into account, which is supported
through policies. Suggestions include pricing appropriately, set ecological conditions for
subsidies or increase the demand for sustainable products by for example discounts.
European policies could help in ecologising the economy by setting international targets
and making the negative and positive environmental effects transparent through
mandatory sustainable reporting, monitoring and displaying. At the same time lobbyists
try to maintain business as usual and hold on to the old economic rationality. The
question rises to what extent the ecological rationalities are being emancipated in the
battery sector through Dutch and European governmental policies?

5.2 Circular policy development and documentation in the
Netherlands
With this new distinction in mind, the question has to be adjusted not focus on
‘the’ ecological rationality, but on the integration of the EcoRRS. That is because the aim
of this paper is to analyse the environmental problem of resource scarcity and not that
of climate change or another environmental problem.
So, how do Dutch circularity policies lead to the integration of EcoRRS in the
battery sector? In the Netherlands, various policy documents, visions, strategies and
programmes have been devised to stimulate a circular economy (CE) and integrate an
ecological rationality in the economic system. The most broad environmental and circular
goals are set in the documents called the ‘National Environmental Policy Framework’
(Nationaal Milieubeleidskader, 1.2 appendix E) ‘NL Circular 2050’ (1.3 appendix E) and
concretized in the ‘Circular Economy Implementation Programme’ (2.1 & 2.2). Besides,
several projects and programmes have been launched to stimulate a CE in collaboration
with businesses. To name a few: ‘Circo’ (2.7), focused on creating business through
circular design, ‘Versnellingshuisce!’ (2.6), helping entrepreneurs with their circular
undertakings and the ‘Battery Competence Centre’ to increase and accelerate the energy
transition and battery technology development (9.1). These partnerships will be further
elaborated upon in another chapter. It is up to the current cabinet to determine how much
priority circular policies get and which policies will be executed (interview 1). Therefore,
the new coalition agreement of 2021 – 2025 is also relevant (1.1).
The national environmental policy framework (1.2) is the overarching Dutch
vision on environmental issues in the broadest sense and links these issues together. It is
produced by the INW – the Ministry for Infrastructure and Water Management. INW is
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very active on environmental policies, along with the Ministries of Economic Affairs and
Climate Policy and RVO – Netherlands Enterprise Agency. In general terms, the
environmental policy framework aims in 2050 to have established a safe and clean living
environment, in which the health risks caused by environmental pollution are
neglectable. This vision is developed through back-casting and sets intermediate goals
for the years in between. Broad distribution of wealth and human health are central in
this document. To reach this, CE is one of the key focus points together with the quality
of water, soil and air. Nevertheless, it is up to the minister of the new cabinet to decide
which direction this policy framework takes and what is realized in an environmental
programme. In December 2021, the Dutch government has presented the new coalition
agreement, in which this direction has been delineated. Interviewees 1, 2 and 5 are very
positive about this new coalition agreement, because CE is clearly mentioned.
Interviewee number 1 believes that the new coalition agreement is helping to get closer
to the goal of 100% circularity in 2050. However, interviewee 2 recognizes that CE is
mainly mentioned in relation to climate change (EcoRCC) and not necessarily in relation
to the (availability of) materials (EcoRRS). Before the creation of the coalition agreement
which determines the focus of the environmental policy framework, a visionary
document has been drafted on circular economy, called ‘NL circular 2050’ (1.3).
Published in 2016, this was the first strategy of the central government to stimulate a
transition to CE (interview 2). Interviewee number 2 claims this is the first national
strategy on CE worldwide, which is endorsed by interviewee number 5 who states that
the Netherlands is striving for the most ambitious CE policies within the EU. The goal of
NL Circular 2050 is to be 100% circular in 2050 and 50% circular in 2030. To execute
this programme, a ‘Circular Economy Implementation Programme – UPCM’ (2.1 & 2.2)
has been established, which is updated yearly. Most governmental actions on CE are
executed within this framework. Within this CE Implementation Programme, 5 transition
agendas have been defined. One of these five is focused on the circular manufacturing
industry, which is applicable to the battery industry. Apart from these policies, another
strategy is being drafted, focused particularly on batteries. This Dutch battery strategy is
created out of a need to link the efforts of all the different Ministries and other
governmental agencies together. In this strategy, the following 5 pillars are distinguished:
(1) responsible origin of raw materials, of which the availability is a point of attention;
(2) collection and reuse; (3) safety; (4) economic perspectives of eco-design and (5)
energy services in which batteries can potentially support the energy grid.
Most of the national programmes, strategies and projects aim to stimulate the
emancipation of both EcoRCC and EcoRRS. When zooming in to more specific battery
strategies, goals are drafted to deal with the materials in a circular way, referring to
EcoRRS. Nevertheless, strong enforcement in the forms of laws and regulations that
obliges companies to deal with these materials in a circular way, are lacking.
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5.3 Circular policy development in the EU
Dutch environmental policies are linked to the European policies and more
specifically to the EU Green Deal. If the EU implements certain regulations, the Dutch
government is obligated to translate them to national policies (interview 1). In the EU,
the attention for the environment is growing. Almost all interviewees emphasize the
importance of arranging the implementation of CE on an international level. As
interviewee number 2 describes: ‘circular policies affect the European market, making it
preferable to organize fiscal incentives and strategies on resources at an European level’.
Interviewee number 1 believes the EU Green Deal to be very ambitious and says it is
unprecedented that so many countries have set such high goals, indicating that an
increase of an ecological rationality can be observed. This is confirmed by interviewee
number 7, who says the EU Green Deal is something that has never happened before on
this topic. This unprecedented international cooperation on the environment is a victory
for the emancipation of all ecological rationalities. One of the key reasons to strive for CE
within the EU is aligned with the political rationality to be geo-politically independent
(interview 7). The success of the EU Green Deal in prioritising the environment and
reducing its dependency on virgin metals, is dependent on the execution within the
nation states (interview 1). The translation to national policies and actions is not
completed yet and it might take a long time before the actual effects of the EU Green Deal
can be observed.
The aims and measures of the Green Deal are still relatively broad, but do contain
a separate section on batteries. Generally, it aims to transform the EU into a resourceefficient, competitive and modern economy, where economic growth is decoupled from
resource use and GHG emission are eradicated by 2050. In subsection 2.1.3. of the Green
Deal the aim is to ‘mobilise the industry for a clean and circular economy’ (p. 7), referring
to both a reduction in GHG emissions (EcoRCC) and a transition from a linear to a circular
industry (EcoRRS). Resource intensive industries are targeted, which includes the
batteries industry. Main ecological goals mentioned are: strengthen extended producer
responsibility; increase transparency and avoid ‘greenwashing’; prioritise circular design
of products and a sustainable products policy; reduce waste; encourage businesses to
offer reusable, durable and repairable products and promote new forms of collaboration
with industry. A ‘new circular economy action plan’ (CEAP) has been developed in March
2020 to elaborate upon these goals and put it into action. Section 3.2. of the CEAP is
focused on batteries and vehicles specifically. The biggest action point on EV batteries is
that the commission will propose a new regulatory framework for batteries, which will
build on the evaluation of the Batteries Directive, adopted in 2006 and on the work of the
Battery Alliance. The objectives of the battery regulation are strongly interlinked with the
political rationality to be geo-politically independent. They aim to (1) strengthen the
functioning of the internal market, by ensuring a level playing field through a common
set of rules; (2) promote a circular economy to overcome the insufficiently closed
materials loops, which limit the EU’s potential to mitigate the supply risk for raw
materials; (3) reduce environmental and social impacts throughout all stages of the
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battery life cycle (5.2). Generally, the goal is to enhance the EU production of batteries
and eventually be self-sufficient. Implementing a CE is a way to keep the valuable
materials inside the EU, while at the same time taking ecological concerns into account.
The following three measurements are key in this new regulation: (1) rules on recycled
content and the recovery of valuable materials; (2) phasing out non-rechargeable
batteries; (3) transparency and sustainability requirements in terms of ethical sourcing,
carbon footprint and facilitating reuse, repurpose and recycling (CEAP, 2020). These
measurements are both targeting EcoRCC and EcoRRS. Moreover, in the Comprehensive
European Strategy on Sustainable and Smart Mobility, the Commission will look into
enhancing product-as-service, optimise vehicle use and increase occupancy rates.
All in all, there are a lot of circularity plans and strategies formulated.
Nevertheless, the success of the implementation depends on the effectiveness of the
policy instruments. In addition, most of these policies still have to be translated to
national policies in order to be able to assess whether they can indeed lead to ecological
modernisation.

5.4 Policy instruments, tools and measurements
There are multiple instruments the government can use to realise their circular
visions, intentions and strategies. These instruments are necessary to make the EcoRRS
an integral part in both governmental and business operations. Interviewee number 1
mentions five of them: (1) law and regulation; (2) financial incentives in terms of
subsidies, taxes and discounts and investments in innovative/technological research; (3)
providing information and increase transparency; (4) giving the right example when
conducting public tenders; (5) functioning as a networking government and forming
partnerships to realise goals. Interviewee number 1 could not provide any concrete
examples, but believes all of them are being executed to enhance CE. On the other hand,
interviewee 7 claims that the government is saying they want to implement instruments
and establish CE, but they are not actually doing it. Four of these instruments are
discussed, both from the Dutch and the European government. The fifth instrument on
the networking government forming partnerships is connected to business partnerships
in chapter 7.

5.4.1 Law and regulation
The first instrument to institutionalize the EcoRRS is law and regulation. With this
tool, the government is able to steer behaviour into a certain direction. In EMT, the
government takes on a cooperative role and uses to a lesser extent this tool of commandand-control. Command-and-control is a very powerful tool which can contribute to
economizing the ecology. Through the use of regulations, companies can be forced to take
the ecology is systematically into account. In the Netherlands, even before the concept of
CE became prominent, there has been a regulation called ‘producer responsibility’ (6.4)
put in place, in which battery importers and producers are obliged to inform the Dutch
government (Inspectie Leefomgeving en Transport - ILT) how many new batteries and
38

EV’s they are putting on the market. Moreover, they are obliged to make sure the ‘end-oflife’ batteries are taken off the market and report yearly on the amount they collected and
processed. It is possible to outsource the responsibility to a company such as ARN (Auto
Recycling Nederland) and pay for the processing and reporting of the products. This
regulation has been implemented in 2008 (6.1) and is being enforced (interview 5). The
concept of producer responsibility has been around for longer, namely since 1995, in
which producers of cars have to make sure there is a network that takes back those cars
from the market (interview 6). The Dutch battery regulation was a direct result of the EU
battery directive which entered into force in 2006 (6.5). Currently in the EU, a repeal on
this directive and subsequently a new battery regulation is being discussed and estimated
to come into force in 2022/2023 (interview 5). The new battery regulation is part of the
EU’s Green Deal and the CEAP. The regulation is expected to impose stricter demands on
the industry, where the focus is on recycling and re-using recycled materials in new
batteries. Interviewee 5 emphasizes that such a regulation is quite unique, since one
peculiar product and its whole life cycle are centralized and being examined. The
following three elements are expected to be the biggest regulatory changes: (1) the
implementation of a battery passport; (2) the implementation of a recycling quota; (3)
stronger demands on the design of the batteries.
The battery passport is meant to track the battery and increase transparency on
the design, content, production formats, conditions and carbon footprint of the battery. It
will show what materials are inside the battery and what the origin is of those resources
(interview 5). Moreover, it will be mandatory to make the battery management system
public to assess whether the battery can be used for other applications than a car
(interview 6). Furthermore, it shows where in the chain environmental pollution takes
place (interview 1). On June 2020, the Dutch UPCM started writing a guideline for the
implementation of a Circular Product Passport – CPP– (2.9). Three circular data-driven
categories to be displayed on the CPP are (1) resource use; (2) environmental impact; (3)
value retention. Resource use includes the composition of (critical) resources and
recovery of raw materials in recycling. The environmental impact focuses on a LCA (Life
Cycle Assessment) on GHG emissions and the impact of the life cycle of the product on
biodiversity. Value retention refers to the life-span, use of alternative resources and to
the application of reused parts and recycled materials (2.9). Important is to look not only
at the recycling efficiency, but also at the amount of energy and GHG it costs to recycle
(interview 6 & 4). Interviewee number 7 is very positive about this specific measurement
as it could be implemented relatively quickly (within 10 years) and provides a lot of
information on origin, use and end-of-life destinations. Nevertheless, the battery passport
calls attention to the trade-off between EcoRCC and EcoRRS. As interviewee number 4
believes, it all comes down to the carbon footprint of the technology. If the carbon
footprint of a battery made from virgin resources is lower than a battery produced with
recycle materials, the one with the lowest environmental impact should be chosen.
Thereby, interviewee number 4 is prioritizing EcoRCC above EcoRRS.
Secondly, the recycling quota is a regulatory change that is expected to make a
huge impact on the industry. The exact amount is currently under discussion, but it is
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certain that this new battery regulation will set a minimum percentage of recycled
content that needs to be used in a new battery (interview 5). The recycling quota now is
that 50% of the weight of the battery has to be recycled, which is proposed to go to 65%
in 2025 and 70% in 2030 (interview 6). As interviewee number 8 stresses, the new
battery regulation will be obliged to follow. The anticipated result is an increase in the
amount of recycling facilities within Europe. For example, Blue Solutions is aiming to
build their own recycling facilities next to the battery manufacturing industry (interview
8). Similarly, new batteries should be made from a to be determined percentage of
recycled materials, with the focus on critical materials such as cobalt and nickel
(interview 6). Through this requirement, the EU is creating a demand and thus new
market for recycled content. Noticeably, a new type of scarcity is expected to emerge: a
scarcity of recycled content. This process can be classified as ecological modernisation
because through law and regulation a new economic rationality is created which
automatically takes the ecological considerations into account. An option to avoid this
shortage of recycled materials is adopted by interviewee number 8. By developing a
battery that does not need cobalt and nickel, they are trying to avoid the problem of
purification and recycling and supply shortages.
Interviewee number 4 raises a critical point on this recycling quota. He points out
that when the recycling quota will be implemented, there is a risk of paving the ground
for short product life cycles just to make sure enough mass is being reintroduced into the
production process. He adds that if the technology is a good one, the battery will have a
long-life time, limiting the amount of available recycled materials. Interviewee 5 has
positive believes that the new regulation will take this problem into account by focusing
on the percentage collected batteries and on not all batteries in general. So when a battery
does not break, it should not count in this regulation. In addition, interviewee number 6
stresses the importance of the supply of recycled content from production waste. So
batteries that have encountered a problem in the production process, cannot be put on
the market and also serve as input for recycled content.
Thirdly, because of this battery passport and recycling quota, companies are
expected to be forced to think about the environment when they are designing new
batteries and make them more eco-friendly in the design as well (interview 8). The
battery regulation addresses ‘the right to repair’ and scrutinizes the possibilities of
refurbishment and second life. According to interviewee 5, there is also attention to
extending the first life of the batteries. Currently, according to interviewee number 2,
there is little obligatory regulation on having a circular design. Nevertheless, stimulating
circular design is the direction the government wants to take (interview 2).
In addition, the battery regulation underlines the importance of having enough
capacity for enforcement. In the Netherlands, the ILT 1 is expanding their capacity already
to hold companies accountable for not following the regulation (interview 6). In the
development of this new battery regulation, the EC is in dialogue with the industry in
several alliances. RECHARGE (8.6) is Europe’s advanced rechargeable battery voice and
1

Inspectie Leefomgeving en Transport
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is working with the EC and deputies to understand how the right battery regulation can
be build (interview 8). Blue Solutions is part of this organization. Interviewee number 3
affirms there are dialogues on new laws and regulations before they are implemented
with the commercial vehicle makers. For example, the European Automobile
Manufacturers’ Association (ACEA), uniting Europe’s 16 major car, truck van and bus
makers, is consulted before laws are enforced. Another European organization that is
consulted on the battery regulation is the European Association for Storage of Energy
(EASE), who actively influence European decision making processes (8.4). ARN is also
involved in the development of the battery regulation and make sure the law is realistic
and doable (interview 6).

5.4.2 Financial incentives and (research) subsidies
The second instrument the government uses to take the ecology into account and
become more circular in the battery sector, are financial incentives in terms of subsidies,
discounts and taxes. The governmental subsidies have several purposes. They aim to
support research and innovation into new technological possibilities. Moreover,
subsidies in the form of investments support projects and circular start-ups. A number of
governmental programmes subsidising circular research and projects have been
identified. Firstly, according to interviewee number 8, there is the European Battery
Innovation (EuBatin) program that has over 925 million euros available for academic and
industrial research on batteries. Together with the EC they decide what should be the
next Research & Development (R&D) project for batteries in the EU. Because of the large
amount of money, it is a very powerful program (interview 8). Another way of getting
financially supported, is by applying for subsidies on topics defined by the government
as important to investigate. For example, because of the increased focus on recycling, a
lot of governmental funding goes to research on recycling technology (interview 1).
Moreover, when a company investigates a new type of battery, it is also eligible for
governmental funding (interview 3). Blue Solutions has received two grants for two R&D
projects on the new generation of solid state batteries. When, as a company, you launch
a new project or localized a new source of resources, the government can help through
(partly) subsidizing this project (interview 3). Interviewee number 8 has also been
supported by the European government in their production of electrical busses.
A specific Dutch subsidy program is called MIA (Milieu Investerings Aftrek) and
Vamil, which provides companies with a significant discount on the taxes of their
sustainable investments (interview 2). The government sets certain conditions on these
sustainable investments which are in line with the EU Green Deal. Interviewee 5 explains
that the government has subsidies available for technologies that have a low technology
readiness level (TRL). Those levels range from 1, which represents the start of basic
research, to 9 indicating that the technology is market mature. In between there are steps
such as pilots, small scale-ups and bigger scale-ups. The Dutch government aims to offer
a helping hand to start developing circular battery technologies, but at some point the
company has to take over and attract investors themselves (interview 5). One of the focus
point of the Dutch research subsidies is to find substitutes for the scarce and
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environmentally-unfriendly resources that are easier to recycle (interview 1).
Alternatively, as underlined by interviewee number 2, most environmental subsidies
focus only on EcoRCC. They are intended to realise a national reduction in GHG emissions
the cheapest way possible. In those climate related subsidies, there are no conditions on
the resources required to realize this reduction of emissions (interview 2). This suggests
that EcoRCC is gaining more importance at the expense of EcoRRS. EcoRCC is prioritized
above the economic rationality, but because GHG emissions have to be reduced at the
cheapest cost possible and not with the least resources possible, the economic rationality
is still prioritized above EcorR2 in this context.
Another critical voice about subsidies is from interviewee number 4, who claims
that only big, prospering companies can get funding and not good, but small companies.
The example was given in which Porsche got a 60 million funding for setting up a battery
factory based on old technologies. On the other hand, new technologies do not get funded,
because their success has not been proven yet. It first needs to be standardized to be
subsidized, which is counter-intuitive according to interviewee number 4, as that is part
of innovation. This anecdote shows the dominance of the old industries in the political
spheres, that aim to preserve business as usual. Businesses that are successful in the
current economy have economic interests to hold on to the old economic rationality in
which environmental values are not included. Another point of criticism is made by
interviewee number 7, who states that governmental funding on technological
innovation in Europe is relatively small compared to for example America. This is
supported by interviewee number 2, who states that circular policies in the Netherlands
get relatively little funding compared to the money available for stimulating innovation
and entrepreneurship in general. It is even explained that a lot of circular start-up that
focus on new type of business models (e.g. product as a service) are experiencing hard
times to find funding.

5.4.3 Information, monitoring and awareness
The third measurement the government takes to enhance the integration of the
EcoRRS, is providing information, stimulate monitoring and transparency and increase
awareness. Sharing information can be used to make people more aware about the issues
and steer behavioural change (interview 1).
The government is using this measure internally as well. Interviewee number 2
offers lectures on the SDGs to governmental trainees and other departments within the
national government. In this lecture, the three levels of the SDG are outlined, of which the
basis is the environment, the middle part are the societal goals and the upper part is the
economy. Ecology is discussed as the foundation of human and economic well-being.
Through spreading this knowledge, the government actively increases awareness and
support for its circular policies (interview 2). Moreover, the Dutch government offers
retraining programmes to older employees on circular economy to make them ready to
work in the new economy. In that way, the government offers a new perspective and
creates willingness to change (interview 2). In addition, interviewee 7 mentions that
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some education programmes are initiated, but emphasizes that this happens only
sparingly.
An important condition for providing the right information is to have transparent
monitoring systems. Requiring companies to report on their actions and investments
contributes to this transparency. Interviewee number 2 states that in 2030 financial
institutions have to report on the sustainability of their investment portfolio. And more
in general, companies are expected to report on the environmental impact of their
activities. This reporting is encompassing more than just GHG emissions. Most times the
ESG – Environment, Social Governance is used. Accountancy offices are assisting
companies in measuring the sustainable impact. GRI (Global Reporting Initiative), is
working to standardise the way in which sustainability is measured. Moreover,
interviewee number 5 is talking about plans to have an additional label for EV’s that helps
to determine which car is more circular. The aim is to add the requirement of such a label
to the EU battery regulation. However, they do not want to wait for its enforcement and
started implementing it already in the Netherlands. Increasing transparency in that way
empowers customers to make more informed choices. The process of including
environmental indicators in economic accountancy is the embodiment of ecological
modernisation. Through modernizing the traditional economic reporting and
accountancy models, the EcoRRS is growing in importance as a second indicator that
needs to be considered.
Another role of information in ecological modernisation as a government is
providing the right information and being clear about sustainability definitions.
Currently, the criteria for sustainability reporting are ill defined and do not make a real
difference. For example, if the reporting shows that the investment are not sustainable at
all then there are no legal implications for the company. Interviewee number 2 expects
the reporting to become more urgent, more obligatory and better defined in the new
taxonomy regulation. Taxonomy is a classifying system which helps indicating which
activities are considered sustainable, especially in the financial sector. Right now, anyone
can claim to have sustainable investments, because the terminology was not defined. To
combat greenwashing, the EU has been developing a list of green activities that fall under
a so-called taxonomy of six big theme’s. Then if a company wants to put ‘sustainable
products’ on the market, a certain percentage of the companies’ products have to be part
of the green activities. Circular economy is one of these themes. Central in this taxonomy
is that it must be demonstrated that the activity, that contributes to one of the themes,
Does No Significant Harm (DNSH) to one of the other themes (2.10).

5.4.4 Practice what you preach
The last instrument the government can use to increase the implementation of the
EcoRRS in the battery sector, is redefining their own procurement processes. According
to interviewee number 7, the Dutch INW department is relatively well organized in
inspection, maintenance and procurement. They have become responsible for all kinds of
government tenders such as coffee cups, roads, hospitals etc. Since the government is one
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of the biggest contracting authorities, they have the power to make certain demands on
sustainability, also when purchasing batteries (interview 1). Interviewee number 7 calls
it ‘green procurement’ and affirms the power possibilities of the government. Pianoo is
an active programme of the government to professionalize tenders, also in terms of
circularity (7.3). They assist with the integration of circular purchasing in all steps on the
process and offer access to learning networks. They created a website which assists with
circular procurements in a very practical way (7.7). If the government decides to
purchase only circular products and resources that would be an enormous impulse for
the sector. Nevertheless, short term prices still prevail (interview 1).
On a European-scale, this impact would be even bigger when setting the right
product requirements. A successful example is the single-use plastic directive, abolishing
plastic straws (interview 2). Interviewee number 4 agrees and believes that the
consumption power of the EU is one of the most undervalued approaches. When the EU
decides to hinder products that are not sustainable entering the European market, this
would allow for circular businesses to prosper and really transition in terms of
sustainability. According to interviewee number 7, a revolutionary regulation has been
proposed in the EU: the CBMA – cross border adjustment mechanism (7.5). This
mechanism would impose a duty of 55% on goods and product outside the EU, that have
been produced with a demonstrable amount of GHG emissions.

5.5 Clash political rationality and ecological rationality on
resource scarcity
Despite the above mentioned instruments and measures, there is still significant
criticism and cynicism on the governmental action to increase the integration of the
EcoRRS. The political rationality, especially in combination with the dominant economic
rationality, does not always chime with the inclusion of environmental values.
Interviewee number 1 says that CE is in its infancy. ‘Everyone is running, but the actual
results and implementation are very limited.’ Interviewee number 2 has similar critique
and says that generally there is too little money available to reach these goals and that
there is too little regulation to make sure the goals on CE are coming closer. For example,
the government wants to steer on circular design and make sure part of the product are
replaceable, nevertheless at this moment there is little regulation to make this happen.
Still, they definitely aim for it. In support of this argument, Plan Bureau voor de
Leefomgeving (PBL) made a report which showed that a lot is happening on CE, but that
the real transition from a linear to a circular economy has not sufficiently started to
realise the goals set for 2030 and 2050. So, more needs to be happening in terms of laws
and regulation and more market-incentives to change. Interviewee number 7 shares this
criticism and claims the government is doing very little to stimulate a CE specifically
regarding lithium, cobalt and nickel. The lack of policies particularly for these resources,
is also supported by interviewee number 5. The reason for this would be that batteries
are relatively new (interview 5). Interviewee number 7 continues by saying there is an
intention to decrease the intake and accumulation of resources to zero. Nonetheless,
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nothing much is happening with this intention, its more related to supply risks. Strong
policy measures are missing. Moreover, the government is creating little to no incentives
to make it attractive for companies to offer a service instead of a product. The government
does not pass the talking stage and keeps pointing fingers (interview 7). They
momentarily applaud a frontrunner, but real incentives are in their infancy. All in all, with
13 years governmental working experience in this sector interviewee number 7 claims
that CE is practiced by mouth only. Interviewee number 9 believes this to be something
positive, as he also believes the market knows best how to solve this problem and the
government should not intervene too much.

5.5.1 Political priorities
Several political priorities are distinguished as reasons for this lack of concrete
action and institutionalization of the economic rationality. The first and most obvious
limiting factor of the development of effective circular policies is time. The whole process
of initiating, developing and implementing circular policies take years (interview 1). It is
expected from the government to do it right and thus it needs to check whether there are
no negative side effects of new policies. For example, when a waste tax is implemented
and people have to pay for collection, the waste sometimes gets dumped in a ditch to
avoid this payment. Checking this negative side effects take a long time. Furthermore, the
CEAP came into force only two years ago in 2020 and still has to be translated to national
policies. Lastly, the proposal of the new battery regulation still has to pass the parliament,
after which the whole process of translation to national policies starts. Besides time, short
governmental life cycles, urgent crises, geo-political dependencies and the dominance of
the economic rationality in the political rationality are the main obstructions for actual
environmental policy implementation and realisation of ambitious visions in the battery
sector.

5.5.2 Short life cycles & crises
The political rationality clashes with the EcoRRS in terms of short and long term
perspectives. Where the EcoRRS eminently requires a long term horizon, the political
rationality focuses on short term perspectives. Especially in the Netherlands, the short
government cycles hinder long term perspectives (interview 2 & 4). In the EU the horizon
is a bit longer, in which consequently the emancipation of the EcoRRS is stronger.
Moreover, urgent issues such as the COVID-19 crisis and the current situation in Ukraine
gain priority over long term issues. As interviewee number 7 says: ‘resource scarcity is too
important to ignore, but short term problems require the attentions’. As a result of the short
governmental cycles and the aspiration to be re-elected, the coalition focuses on goals
that are relatively easy to reach and avoid complex reformations that require a longer
horizon. For example, when implementing a tax on resources, the questions rises to what
extent whole product that contains a small part of the resource, is being taxed? It is hard
for the Dutch tax department to implement small regulations. According to interviewee
number 2, taxes should be more clear and less complicated to make space for ‘green’
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taxes. Thus where the EcoRRS needs a long horizon and sometimes a reformative,
complex change, the political rationality is focused on short term problems and
achievable goals.

5.5.3 Geo-political relations
The need to maintain stable and healthy geo-political (trade) relations is a form of
political rationality sometimes clashes with the interests of the environment. The most
concrete example from the interviews was that in the past, when the government wanted
to tax certain products and waste, public officials were threatened by the Chinese, which
also hinders the options for circular policies (interview 1). In the end, this political
rationality can be traced back to the dominance of the economic rationality. International
relations are primarily established to enable trade and create wealth. The quality of these
relations is at stake if the EU decides to implement regulations that hinder this trade.
Consequently, one of the main obstructions of institutionalizing the EcoRRS by
stimulating CBMs, is the absence of EU import duties on products that are not in line with
the circularity principles (interviewee 1 & 7). If businesses within the EU decide to take
the circularity principles into account, it is more expensive for them to produce.
Consequently, without import duties on products that are less sustainable, their
competitive advantage is shrinking in the international trade market, hampering CBMI.
An equal level playing field is necessary for fair competition (interviewee 1). This policy
might be lacking, because the EU wants to maintain good trade relations with other
nations. It is the EcoRRS that requires strong, international trade measurements and
possibly restrictions, to stop environmental destruction. In this way, the political
rationality and ecological rationality clash.
On the other hand, the two rationalities can also coincide. Geo-political relations
are essential in addressing environmental problems. Both EcoRCC and EcoRRS represent
environmental interests that concern the whole world. This geo-political
interdependence increases the attention to the problems of limited access to resources.
Almost all interviewees indicate that ‘resource scarcity’ and ‘critical raw materials’ as
concepts more often refer to geo-political dependency than on the physical availability of
these materials on earth. The difficult and very long process to open new mines in Europe
– also because of resistance from the local EU citizens - does not help in decreasing the
European dependency on the supply of battery components (interviewee 8). Coupled
with the dependency on the supply of virgin materials, European companies are also
dependent on foreign knowledge on refining, purifying and recycling, as this expertise is
mostly outside Europe (interviewee 8). This increases the need to be less dependent,
gather this knowledge within the EU and stimulate a CE. In addition, the EU sets certain
social and humanitarian standards, which are not always shared with other global
powers. Because the EU does not want to support certain regimes, it is increasingly
striving for independence from other global powers such as Russia and China.
Implementing a circular economy is part of the solution to being less dependent on other
nations. Therefore geo-political considerations are also an important factor for the EU
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and is one of the main reasons to strive for a CE (interview 8). Consequently, the EcoRRS
also gains a boost in prioritization because of this political rationality.

5.5.4 Clashes related with economic rationality in the political rationality
The last political priorities that hinder concrete measurements and
institutionalization of the EcoRRS are related to the economic rationality. The economic
rationality is still dominant and is integrated with the political rationality in several ways.
The limited governmental money available for circularity projects and financial
investments in enforcement limit the execution of environmental policies. Moreover, the
lobby for the economic rationality is very strong and strongly influences political
decisions.
In terms of governmental money in the form of subsidies, the problem is that they
are often temporary available and do not make sure the circular project becomes
successful in the long run. By the time a project is ready for scale-up it becomes very hard
to find financial support. As interviewee 2 describes: ‘the scale-up is the bottle-neck of the
sustainable and circular resource issues’. The relatively low subsidies and focus on costefficient solutions, clashes with the ecological interests, which requires a long-term and
holistic approach.
Implementing the ambitious circular visions requires effective enforcement.
Interviewee number 1 and 2 emphasize the importance of enforcement. A wellfunctioning system of licensing, supervision and enforcement (VTH) 2 is essential in
preventing environmental damage. In March 2021 an evaluation report was published on
the functioning of the Dutch VTH. The conclusion was that the system is not functioning
well and is characterized by fragmentation and non-commitment of the regulations (1.4).
Interviewee number 1 paints the picture of a company that is checked once in 10 years,
which illustrates the need for strengthening enforcement. Interviewee 2 affirms this and
says that enforcement is lacking due to limited capacity. In addition, sometimes it is easy
for companies to avoid compliance because the fines are too low to make a difference
(interview 2).
According to interviewee number 4, lobbying is the biggest problem in adopting
the circularity principles in governments. He defines it as ‘a particular interest of a specific
group who have enough power to succeed’ and claims it is ‘the poison of innovation’ because
societal interests are not considered. Fear for losing business and income are driving
forces of the current linear economy (interview 2). When the government wants to steer
to a new economy, a huge force of lobbying power from businesses and trade unions
arises threatening to move to other countries. Moreover, lobbying is facilitating big
business to gain access to funds. Small companies do not get supported, so according to
interviewee number 4 there is ‘no sustainable structure in pushing innovation into the
markets’. Lobbying also aims to block the government in intervening in the market to
much. As interviewee number 7 explains, the philosophy that there is an open market and
de market is capable of organizing itself is prevailing in the Netherlands and Europe.
2

VHT = Vergunningverlening, Toezicht en Handhaving
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Especially powerful people within politics and businesses have this consensus and
strongly believe in their own righteousness. It prevents the implementation of
transformative environmental policies, such as financial incentives, in which
environmental externalities are internalised in the market prices (interview 7). So the
economic rationality is strongly influencing political decision making, thereby limiting
the institutionalisation of the EcoRRS.
Another way in which lobbying is limiting the effectiveness of environmental
governmental subsidies, is that traditionally successful companies have (through
lobbying) more access to financial support mechanisms than small innovative companies.
If you do not have that capacity, you do not get supported, limiting the opportunity of
circular start-ups with better technologies to be realized (interviewee 4). For example,
Porsche got a 60 million funding for setting up a battery factory based on old technology,
whereas new, improved technologies do not have access to this kind of support. Lobbying
is reinforcing this process of favouring the business as usual and thus limits CBMI.
Another example is given by interviewee number 7, who highlights that of a 900 million
fund to stimulate innovation in the metal industry, 700 million goes to a huge traditional
company, namely Tata steel. A fraction is going to innovative small companies. Again, this
is an example in which the traditional economic rationality integrates itself in the political
sphere and limits the transformative capacity of environmental subsidies.
In sum, the dominance of the economic rationality is almost inevitable. The EU
government is aiming for the integration of ecological interests within the economy, but
is hindered by several factors that limit the transformative capacities of CE.

6 Economic rationality: Circular Business Model Innovation
In addition to the role of governmental policies in the integration of an ecological
rationality, the role of businesses is investigated. More specifically, this chapter has the
objective to answer the third guiding question on: ‘how does circular business model
innovation (CBMI) in the battery sector lead to the integration of the ecological rationality
in the economic rationality?’. The question has to be adjusted, since the results have
shown that there is not ‘one’ ecological rationality anymore. Because the aim of this paper
is to analyse the environmental problem of resource scarcity, the focus will be on the
integration of the EcoRRS in the economic rationality through CBMI.
In the theoretical framework, 4 CBMs are differentiated, namely cycling,
extending, intensifying and dematerialising. Moreover, the 4 main ways of CBMI are
transformation, circular start-ups, diversification and acquisition. These 8 types are used
to operationalise the EcoRRS within the businesses sector. Four different businesses
types in terms of position in the supply chain, provided an insight into the role
of various factors in the institutionalisation of the ecology in their businesses through the
implementation of circularity principles for batteries. An overview of the interviews can
be found in appendix D. In the interviews, business people were asked in which way they
are including the circularity principles in their business models. In the next section, first
the general trends of the integration of circularity and prioritization of high circularity
practices within businesses working with batteries is analysed. Consequently, the
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following factors influencing these trends are discussed. The first one is decision making
power; who in the supply chain has the power to decide which CBM is executed with
regards to the production of batteries? Secondly, the role and function of partnerships in
the supply chain between businesses and with the government is specified. Thirdly, the
role of technology in implementing and developing CBM is outlined, after which the same
role resource scarcity and price is considered. Lastly, the motivations for and limiting
factors of CBMIs, according to the business people are summarized.

6.1 Circular Business Models in practice
The creation and implementation of CBM’s in the EV sector is increasing. Most EV
selling companies have an internet page dedicated to sustainability and circularity (3, 4,
6, 8 & 11). However, there is a difference between making plans and strategies and
executing them. Interviewee number 3 even warned for practices of ‘greenwashing’, in
which companies claim to be much more sustainable than they in reality are. Generally,
companies working with batteries have a section on their website or in their company
documents dedicated towards the integration of environmental principles. For example,
Blue Solutions is ‘innovating in response to major environmental challenges’ (8.2), Volvo
Group aims ‘to connect the beginning with the end, going from a linear business model to
a circular one’ (3.1), ARN is working on ‘a sustainable chain, in which there is no harm to
the natural- and living environment’ (6.2) and High Performance Battery sets itself the
goal of ‘developing battery storage that actually deserves the title “sustainable”’ (4.1).
In the implementation of circularity strategies, a distinction can be made between
strategies that preserve a high quality of resources and strategies that preserve a lower
quality of resources, showed in the 10 R-ladder. Therefore, theoretically, the strategies
that maintain the highest quality should be prioritized. Interviewee number 3 is aware of
the most energy and material efficient strategies to reduce their material footprint. Their
end goal is to have zero impact by being able to recycle one to one and only use what has
been extracted and recycled. In their business, they made the following prioritization of
circular strategies: (1) reuse or remanufacture, (2) second life in another application and
(3) recycling. Nevertheless, the 3 steps are aimed for on paper, but still need to be fully
implemented in practice. For example, batteries need to be easy removable from a vehicle
in order to reuse or remanufacture them. Also, technological improvement is needed to
lower the environmental impact of recycling and increase the recycling ratio. Besides the
focus on cycling, interviewee number 3 also recognizes the need to sell more services
than products and accordingly they set the target to have 50% of the revenue coming
from services by 2030. However, this is still in its infancy and piloting phase.
Moreover, interviewee number 6 says that if a battery is suitable for a second life,
it is provided. Nevertheless, safety is priority number one. If there is any chance the
battery could be a risk, then it is not suitable for any other application than recycling.
Currently around 80% of the end-of-life batteries that reach them, is send to recycling
facilities and around 20% is given a second life. Additionally, especially for cobalt,
research is being conducted on the substitution or removal of this material in the
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production of batteries, which seems to have been successful since batteries working
without the use of cobalt exist.
Interviewee number 8 focuses on the circularity strategy of cycling by removing
critical materials, such as cobalt and nickel out, to make recycling easier. This technology
is called LFP (Lithium,-Metal-Polymer). They aim to recycle at least 90% of their lithium,
but currently this number is between 5 and 20%. So 80% is still coming from new
materials. Next to recycling, they offer repair services for the batteries they sell.
Nevertheless, the main focus of interviewee number 8 is to keep producing batteries as
much as possible to comply with the increasing demand. The focus is on recycling, as this
is considered the most feasible option in implementing circularity principles and is
required by the EU regulation. They do not aim to recycle more than the EU is obliging
them to.
Lastly, interviewee number 4 puts the priority to extending the first life-cycle of a
battery, by having developed a technology that prevents the battery from ageing. As a
result, they created a battery that instead of 30.000 cycles, lasts 100.000 cycles. High
Performance Battery is actively investigating how to deal with climate change in the most
resource and energy efficient way. For example, home buffer that can last for another 100
years are supposed to deal with the volatility of renewable energy sources. Additionally,
they focus on the rightsizing of batteries and making them as small as possible, so that
the least resources are needed in the production. Recycling is mentioned as the last
priority.

6.1.1 CBM - Cycling
Taking the four CBMs into consideration, cycling is the most common business
model, which is mentioned over 40 times, with a strong focus on recycling. Other cycling
strategies include refurbishing and remanufacturing, but are more difficult to apply to
batteries (interview 8). Giving batteries a second life through refurbishing is difficult for
two reasons. The first is discussed by interviewee number 6, who outlines that 1/3 of the
value of an EV is inside its battery. So if there is any chance this battery could be repaired,
this would generate the highest value. Secondly, safety is the most important factor. When
a battery is discarded, chances are the battery is not safe to use for another application
(interview 6). At the same time, governments are focusing on recycling quota, increasing
the focus on this particular strategy within businesses as well (interview 8). High
Performance Battery is investigating which batteries have the best accessibility for
recycling, e.g. which chemistry path or methodology is easiest to recycle. They claim they
developed a battery that allows for a lot better recycling quota. The Volvo Group is
actively finding other applications for their batteries, when they are not suitable for cars
anymore. An example of another application is a battery used as an energy storage system
or for charging infrastructures. ARN is also focusing on recycling as they are the end of
the supply chain and organize the end-of-life of EV and batteries. Even with this focus on
recycling, recycling facilities in Europe are rare and a trend of building new recycling
facilities next to the producing facilities is emerging (Interviewee 6). The input for
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recycling facilities is not just coming from discarded batteries, but also coming from
production waste from manufacturing.

6.1.2 CBM – Extending
Next to cycling, extending is the second most discussed CBM. In terms of coding,
extending strategies are mentioned at least 30 times. Especially interviewee number 4 is
working with this business model, as they came up with a technology that combats
battery ageing, thereby greatly extending the first life of the battery. Interviewee number
3 also recognizes that batteries and vehicles should be used longer and are thus using
batteries in stationary applications, giving incentive to produce batteries that have a life
length longer than a car e.g. 20 to 30 years. Interviewee number 6 argues that because
the battery is the most expensive part of the EV, the first life is extended as much as
possible. Life extension is accomplished through high voltage specialized technicians who
repair the battery for its first life applications. Moreover, an increasing amount of
modules is collected to extend the life span of the batteries (interview 6). Interviewee
number 8 repairs batteries that have issues with the battery management system or the
battery modules. Nevertheless, when the battery cell is broken, repairing is very difficult.
This is because it is difficult to reach the broken battery cells, which is completely encased
in packs and casings (interview 8 & interview 4)

6.1.3 CBM – Intensifying
The third CBM, intensifying, is mentioned 11 times and mostly discussed as a nice
option which has not been executed yet. Intensifying offers ways in which the user-phase
of the battery is intensified through for example shared use. Interviewee number 8 tried
to implement a car sharing system which did not turn out successful in terms of revenue.
The difficulty of a battery sharing system instead of a car one, is that each car is designed
differently. So the battery does not fit the casing. In terms of intensifying the use-phase
through the diversification of battery application, some thoughts were discussed.
Interviewee number 4 emphasized the problem of batteries standing still and not being
used for its primary purpose. Therefore, they are investigating the possibilities of multipurpose batteries. It’s hard, because the load-profile – the battery load and size each
application needs – differs per application. So it has not been executed yet. Another
thought of intensification is the concept ‘vehicle-to-grid’, in which the battery of the EV
functions both as the engine of the car and as an energy provider and buffer for the energy
grid. Nonetheless, none of these ideas have been implemented yet, to the best knowledge
of the interviewees.

6.1.4 CBM – Dematerialising
The last CBM, dematerialising is mentioned 9 times. Interviewees are aware that
this option is environmentally desired, but obstacles are prevailing. Nevertheless,
interviewee number 3 is piloting with a service system of trucks (not batteries) and the
goal is to earn 50% of the revenue of Volvo Group from services in 2030. They refer to it
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as selling ‘electromobility’ as a service, where the ownership of the product stays with
the company. Interviewee number 6 mentions some companies that sell mobility as a
service, although no examples were given of companies selling energy (storage) as a
service. Another way of dematerialising is to decrease the amount of resources needed
for a product. Interviewee number 8 has shown to be focused especially on that, by
eliminating the use of cobalt and nickel and optimizing the use of lithium in their LMP
batteries. Also interviewee numbers 3 and 4 are focusing on using the lowest quantity of
scarce materials possible and sizing the batteries as small as possible.

6.2 Circular Business Model Innovation
The transition to and implementation of CBMs can evolve in 4 different ways. A
first important observation of CBMI in general, is that CBMI, as explained in the
theoretical framework, can hardly be observed. There is no clear, black-and-white story
in which a company is either (developing towards) circular(ity) or not. What the
interviews showed, is that although the current BMs introduce aspects of CE principles,
transforming former linear business towards a full CBM remains a huge challenge. All
interviewees agreed that the transition to a CE is complex and not something that is done
‘overnight’ (interview 3). Interviewee number 3 still makes an effort to change things
internally and is open to getting help from outside via acquisition. It should be noted
however, that with this internal transformation, the interviewee is rather referring to the
goals to be climate neutral and reduce GHG emissions that to deal with the critical raw
materials in a circular way. Interviewee number 3 claims that in order to deal with these
materials in a circular way, no complete transformation of the business model is needed.
However, the transformation to a climate neutral company is so big that the whole system
needs to be restructured. Interviewee number 7 is sceptical about acquisition. The
Interviewer does not observe business buying and internalising other, circular
businesses, simply because there are not so many CBM in existence and the ones that are
and successful will not be easily acquired. Another way of CBMI is illustrated by
interviewee number 8, who is diversifying, by aiming to recycle the resources themselves
and adding a whole purification and recycling facility to their business. Thereby, they are
creating an additional BM which is added to the current BM. Interviewee number 3 is also
diversifying, through internally investing in circular projects and initiatives. This can also
be identified as the last CBMI ‘circular start-ups’. The Volvo Group provides a working
space for any start-up companies that do not have an office yet, called Volvo CAMPX,
where also partnerships are fostered. The company of interviewee number 4 can be
considered a circular start-up with a CBM, as their whole BM is based on inventing longlasting, multi-applicable and recyclable batteries, produced with the least amount of
resources and smallest size.
Generally, none of the companies advocated for or even considered the first and
highest R-strategy (R0): refuse. Making batteries abundant and reducing the amount of
batteries they produce is not an option. The foremost reason for this is that the demand
for batteries and EV’s is still rising.
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6.3 Clash economic rationality and ecological rationality on
resource scarcity
So why are the CBMs not as successful as they could potentially be in integrating
the ecological rationality within the businesses? Several indicators blocking this can be
derived from the interviews, of which most are related to the economic rationality.
Examples of limitations include decreased competitive advantage, complexity,
greenwashing, limited amount of money available for subsidies and the general dominant
rationale that the government should not disrupt the market. The lobbying power is also
influencing CBMI, but has already been discussed in a previous section.
Interviewee number 8 makes clear that they have to produce cost-effective
batteries, because their customers, the car manufacturers, are asking for it. So the
rationale that the ‘customer is king’ is still prevalent, as business companies are always
driven by the customer. Interviewee number 6 agrees and believes a change in behaviour
of the consumer is necessary to change the markets accordingly. In that sense, it is
believed the economic rationality is more dominant than the ecological one. Interviewee
8 tried to implement a sharing system before, but because it was not successful in terms
of revenue it was cancelled. In the end of the interview, it was emphasized that the
business side of things is very critical (interview 8). This emphasis is shared by
interviewee number 4 who claims that recycling only pays off if the resource price of for
example new lithium increases. Recycling costs energy and the price of this energy needs
to be lower than the price of recycled lithium for example (interview 6). These markets
need to be taken into consideration; the market needs to be willing to pay a price for
recycling. Moreover, battery module cases are currently not being designed to easily
access the battery cell level, making it very difficult to replace the broken battery cells
and implement the circularity principles. Car manufacturers are asking for cost-effective
batteries and not for long-lasting batteries (interviewee 8). There is no economic
incentive for battery and car manufacturers to develop a battery that will last three times
the life of a car, because there is no infrastructure to re-use those batteries in ‘new’ or 2nd
hand cars, which limits the possibility and motivation to extend the life-cycle of the
battery (8). In addition, taking the environment into account in the BM and including
externalities when your competitors are not doing that, decreases your competitivity,
given that being more sustainable is more expensive (Interview 1). In the end, businesses
need investments to innovate and redesign their batteries, as most of them have small
margins and other priorities (interview 7). Small subsidies allocated mostly to
established companies, limits CBMI of small innovative companies (interview 4).
The economic rationality is also exemplified in the act of greenwashing in which a
company misleads customers by insinuating they are more sustainable than they in
reality are. This allows them to increase their economic performances. Setting goals and
claiming to be circular on paper, does not necessarily mean that a business in reality is
circular (interview 3). Vague terminology from the government does not help combating
this type of greenwashing, since any company can claim they are ‘sustainable’ without a
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concrete, internationally determined definition (interviewee 4). A part of being
transparent is also related to making people aware of the impact of the use batteries and
energy. Due to a lack of transparency and monitoring, the environmental impact is greatly
unknown, leading to a general feeling that sufficient is being done and that revolutionary
CBMs are not necessary (interview 4). This is affirmed by interviewee 7 who says the
supply of information on battery data is very poor.
These examples show that the economic rationality is still dominant and in conflict
with the EcoRRS. Interestingly enough, implementing CE brings a lot of economic
opportunities. Nevertheless this is not often recognized, but when this is happens it is
earlier at an European level than at a national level (interview 7).

6.3.1 Complexity
Besides the clash with the economic rationality CBMI is sometimes also hindered
by an increase in complexity. Implementing circularity principles can create much more
complexity for businesses that do not want to make their own jobs more difficult, even
when it is economically profitable (interview 4). For example, a company in need of a
battery for power supply is not interested in using it for other applications if they do not
understand how it works. Similarly, for the consumer it is often too complicated to change
behaviour to lease or rent a car, opposing the increase of intensifying BMs (interviewee
7). This is also the problem for secondary use applications. Few people understand that
there are business opportunities in the second life of the battery and proper
infrastructure missing, hindering the development of CBMs (Interviewee 4). In addition,
the chemistry of the battery is quite complex and not easy to change. There are specific
chemical recipes that create specific technologies. The anode material, cathode material
and the ingredients for the solid electrolyte are to a great extent fixed. Consequently,
changing the recipe and optimizing the design is quite complex.
5.4.3.2 Complexity in the supply chain
Complexity and shared responsibility in the supply chain also hinders CBMI and
clashes with the EcoRRS. The economic rationale in which customer is king, makes that
the responsibility for change keeps being shifted to the consumer. The complex issue in
CBMI, is the question who has the power or who is responsible to adopt and implement
CBMs? Who is in charge? Who decides and who has the influence to change the business?
In order to gain a better understanding on this, figure 14 shows an indication of how the
supply chains of EV batteries looks (made by BCG). Generally, different companies are
concerned with the mining of resources, others with the refinement of those resources,
the production of battery cell materials, the production of battery modules and packs, the
first life, the collection, sorting and transport and lastly companies that recycle. What this
image mainly shows it that no company has control over everything. The responsibility
is shared through the whole supply chain. When asked about their decision making
power, the common answer is that they do what the customer requests, although they
are each other’s customer. The EV producing company is the customer of the battery
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producer, who again is the customer of the technology development companies.
Eventually, recycling companies have customers in the form of EV companies who pay
them a fee for taking care of their end-of-life products.

Figure 14: BCG analysis of the battery supply chain and options at the end-of-life (BCG, 2020)

Interviewee number 3, who represents the Volvo Group, says their influence in
making the industry more circular is by sharing the 100 years of experience they have as
a company. Moreover, in the development of the next generation batteries interviewee
number 3 claims they will have stricter circularity prerequisites, like prioritizing the
option of remanufacturing. It is the reason why the department of Volvo Energy has been
created. Furthermore, their decision making power is with who they will work together.
For example, interviewee number 3 chooses to work together with Samsung, which is one
of the 10 most sustainable companies in the world today (interview 3). In relation to this,
interviewee number 3 claims their influence is also in executing audits and tracking the
materials themselves (also of their partnering companies). It that way they can make sure
they ‘do the right thing’ in terms of treating the planet correctly and making sure there is
no shady labour. However, due to Corona, this still has to be completed for the battery
supply chain. The last way of influence is by being part of a partnership or alliance and
advocate for taking shared responsibility.
Interviewee number 8 as a battery producer, sees the sharing of these
responsibility a bit differently. They are mostly driven by the consumer demands. For
example, they recognize additional stationary application possibilities for batteries, but
will not do that without a specific request. Moreover, Interviewee number 8 claims that
the responsibility to provide a product as a service lies with the car manufacturers and
not with them. Reusing batteries for the same application is very complicated, as the
battery casing has to be exactly the same, which is rarely the case. The design of this
casing is with the car manufacturer and not with the battery manufacturer. In terms of
prioritizing ecological and environmental interests above economic interests, it up to the
EC to push for that. In summary, interviewee number 8 considers the EU regulation to be
55

decisive, then the request of the customers and then his own company as a battery
manufacturer.
On the other hand, interviewee number 4 says that the power to decide whether
a battery is designed in such a way that it is easy recyclable, lies with the battery
assembler. He can decide how to link the cells and whether the module can be also used
for home storage or as an industrial buffer.
Interviewee number 6 says they have little influence on the development of CBMs,
since they are at the end of the supply chain, namely at the recycling stage. They follow
environmental regulations from the government and share what they need from their
clients to reach those targets. Interviewee number 6 also emphasizes that the customers’
needs, and thus the economic incentives, have the highest priority. Therefore, the power
to change to CBMs currently lies with (the demand of) the customers who for a CE need
to change their behaviour. According to interviewee number 6, that is more important
than the position of the manufacturer.

7 Other factors influencing the integration of EcoRRS
As the title of this chapter suggests, it aims to answer the last guiding question on:
‘which other factors contribute to the integration of the ecological rationality into the
political and economic rationality in the battery sector?’. In the same way as done in
chapter 5 and 6, the question has to be adjusted. ‘The’ ecological rationality is also here
changed to the EcoRRS. Three main factors have been identified that contribute to the
integration of EcoRRS, which are the formation of partnerships between governments
and businesses, the development of technology and the role of monitoring and
transparency.

7.1 partnerships
As a result of the power distribution in the supply chain and the accompanying
interdependencies, partnerships between stakeholders in the supply chain are crucial for
successful implementation of CBMs. They can help in addressing the clashes that occur
between the economic, political and ecological rationalities. Partnerships are necessary
as an answer to the complexity in the production process, as it is very hard to hold one
company responsible alone and find a balance between the rationalities. Therefore,
partnerships are essential in the transition to making the supply chain circular for
lithium, cobalt and nickel. The goal of the partnerships is multifaceted to share
technological developments, find (sustainable) partners to produce together and
implement laws and regulations in dialogue with the industry. Battery partnerships are
both initiated by businesses themselves or by the government to find the most effective
ways in which the EcoRRS can be integrated within the economy.

7.1.1 Corporate partnerships
Interviewee number 3 is part of alliances such as the Global Battery Alliance (GBA)
and European Battery Alliance (EBA). In terms of emissions, they consider themselves to
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be part of the problem but also part of the solution. By entering those alliances they aim
to steer electrification and contribute to the transition to renewable energy. The goal is
to make sure that similar companies steer their strategies in the same direction to make
electrification happen as fast as possible [to combat climate change]. Nissan created
Nissan Energy, Volkswagen has Elli Energy, Daimler has Daimler Energy and Volvo
created Volvo Energy (interview 3). These type of alliances connect companies to each
other and collectively aim to go in the same direction. The alliances make it easier to get
in contact with sustainable companies. According to interviewee number 3 they have an
alliances with Samsung SDI, because they are one of the top 10 most sustainable
companies in the world. In addition, alliances are needed for the exchange of information.
A battery manufacturing company needs to work together with the EV producing
company to deliver a battery that fits the transportation business. Depending for example
on the load or weather conditions, certain battery chemistry could be more appropriate.
Another organisation is the Science Based Targets (3.2) which stands for ‘ambitious
corporate climate action’ in which companies take the voluntary commitment to reach a
certain level of low emissions (EcoRCC). The Volvo Group takes part in this initiative.
In the Netherlands, EV and battery recycling facilities are closely connected with
each other in boards. Those organisations are meant to help the implementation of
battery policies. The automotive industry is in contact with these organisations together
with the Dutch automotive importers and the car repair shops (interview 6). By working
together they can assure that the industry is aligned and that the policies are followed
correctly. Interviewee number 8 is also looking for partnerships to establish a recycling
infrastructure within Europe, because they themselves do not have the knowledge to
build a battery purification system (EcorR2).

7.1.2 Governmental Partnerships

The government has several ways in which to stimulate and create partnerships
via subsidies or programmes with a specific purpose. Governmental subsidies stimulate
partnerships between members of the same industry, which is essential to get access to
subsidies. Interviewee number 8 emphasizes this; in order to receive funds they have to
be part of a large consortium of 10 to 15 companies and academics, working together on
the new generation of batteries. Through these partnerships, technological expertise is
exchanged.
Both the European and the Dutch government are functioning as networking
governments by establishing partnerships with the business sector. The EU recognizes
the importance of working together and share electrical knowledge within the EU to be
stronger than Asia and the US. As mentioned earlier, EASE and RECHARGE are channels
through which the battery industry is offered a voice in the development of the new
battery regulation. Next to these two, there is BEPA – Battery European Partnership
Association (8.3), which is a co-programmed partnership established under Horizon
Europe. Horizon Europe is the next framework for research and innovation of the EU.
Their vision is ‘to establish by 2030 in Europe the best in the world innovation ecosystem to
boost a competitive, sustainable and circular European battery value chain’. The Volvo
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Group, together with more than 750 other participants of the whole battery value chain,
is part of the European battery alliance to find solutions together. They are part of these
alliances to steer electrification and share knowledge to make electrification as quick,
good and efficient as possible (interview 3). Another partnership established by the EU
is EcoBAT, of which ARN is a member. This is also meant to exchange knowledge and
know-how.
In the Netherlands, the UPCM has been developed in close collaboration with the
businesses to make the transition to a CE concrete (interview 2). Another medium
through which the Dutch government is supporting CBMI is ‘Versnellingshuis Nederland
Circulair!’ (2.6), which founded to accelerate the transition to a CE. It is a sort online
information counter for entrepreneurs who want to become more circular and are
looking for financial support and chain partners. A secure supply chain is necessary when
you want to start producing. Versnellinghuis helps to establish a consortium that
increases the security of this supply chain (interview 2). Circo is also a governmental
organisation that is meant to accelerate the transition (2.7). Other than Versnellingshuis,
Circo offers advice to entrepreneurs on how the design circular products. They offer a lot
of workshops on circular design and are concretely helping businesses to realize the
transition (interview 2). To tackle the current societal challenges, the ‘Topsectorenbeleid’
(2.8) has been created. This ‘innovationhelix’ seeks the collaboration between
government, business, science and civil society to work on the challenges of the future,
such as the energy transition and transition towards a complete circular economy in
2050. In these type of partnerships, connecting companies to each other, sharing
knowledge and finding alternative ways for funding are central objectives.
In sum, partnerships are needed for CBMI to set the same goals in the industry,
implement battery policies effectively, exchange (technological) expertise, establish new
alliances, receive governmental funding and create new infrastructures. As Interviewee
number 3 puts it: ‘partnership is the new leadership’.

7.2 Role technological innovation as part of ecological
modernisation
Partnerships help to develop new battery technologies in which political and
economic actors find common ground to realise ecological modernisation. Technological
innovation is crucial in ecological modernisation as it supports the decoupling of
economic prosperity and environmental destruction. For example by discovering
technologies that use less resources, both in terms of energy and raw materials, have
more efficient and powerful designs and implement effective ways of recycling.
Technological innovation is one of the main reasons why partnerships are
established and is enables the development of CBMs. International collaboration and
knowledge exchange is very much encouraged by the EU (interview 8). Besides,
companies work together voluntarily to develop new generation of batteries. In the
development of new generation batteries, ‘innovation’ refers both to technological and
chemical developments, as the basis of batteries lies with the chemistry at the cell level.
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The focus lies on developing batteries that are safer, have higher energy density, more
power and use less to no critical materials, such as nickel and cobalt (interview 8).
Moreover, technological development is focused on finding resource and energy efficient
ways to recycle batteries and its materials (interview 8 & 4). For example, Blue Solutions
is currently working on a new technology to make the next generation of solid state
batteries also available for cars. Additionally, interviewee number 8 claims that the next
generation of lithium-ion batteries are batteries that are both free from nickel and cobalt
and have a high energy density. Blue Solutions has already developed a battery, the LMP,
Lithium-Metal-Polymer battery, which does not need nickel nor cobalt. Although this
technology is very secure and cheap, it is less good in terms of energy density.
High Performance Battery also managed to design batteries without cobalt, but
they have a different focus on technological development. They are continuously
researching how batteries can have the longest possible durability, with the smallest size
and the best accessibility for recycling (interview 4). Currently, that has resulted in the
development of the (green) solid state battery, which does seemingly not age and would
be the fifth generation of battery technology. According to interviewee number 4, because
of a fundamental change at the chemistry level, this battery is almost constant in capacity
and has an almost constant internal resistance which does not increase over time.
Therefore, this battery could potentially last over 100.000 cycles, instead of the 30.000
cycles of the conventional battery. Using those long lasting batteries would be, according
to interviewee number 4, the solution to the problem of volatile wind and solar energy
sources.
Besides these concrete chemical battery developments, technological
improvement is necessary for CBMI for multiple other reasons. First, technology decides
on the access of recycled materials and is needed to find more energy and resource
efficient ways of recycling (interview 4). Currently, the recycling process of batteries is
very energy intensive and difficult. According to interviewee number 3, there are only
two technologies available to recycle, either pyrolysis or hydrolysis. Both technologies
require a lot of energy. Interviewee number 3 observes that we can talk about circularity
and recycling, but that it is a disaster for the environment anyway. The hope is that new
recycling technologies help to overcome this problem. Both interviewees number 8 and
3 aim to increase the percentage of recycled materials in their batteries to over 90% and
put the emphasis on technological development to achieve this. Although the final goal is
to recycle one to one - meaning that the quantity of raw materials you put in is equal to
the quantity you can put back into a battery - it is recognized that technology is nowhere
near that yet.
Secondly, technological improvement can support the feasibility to trace the
materials, monitor the battery health and increase transparency in general. Interviewee
number 3 stresses the importance of proper software systems to create traceability of
the battery. The interviewees prioritize traceability, because they claim it is needed to get
the full picture of the carbon footprint of the battery from cradle to grave. Interviewee 4
goes a step further and says it all comes down to the question: if the footprint from virgin
resources is better than a fully recycled battery, what battery would you choose?
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Recycling should not be a goal it itself, but should be to decrease the environmental
impacts rapidly to allow for a sustainable transition. However, this specific tracing
technology does not exist, so technological innovation is needed to outline the carbon
footprint of the battery production and choose the most effective CBM.
Thirdly, technology helps with discovering substitutes for scarce materials. For
example, interviewee number 6 claims that there are a lot of developments in terms of
battery technology that focus on reducing the dependency on cobalt. Both interviewee 4
and 8 are working with batteries that do not contain any cobalt. Interviewee 6
acknowledges that dependency on critical materials is a driving force for technological
development. Being focused on being less dependent on the use of critical raw materials,
technologies are focused on working with less scarce materials such as a battery based
on silicium (sand). Moreover, whether the availability of nickel, cobalt and lithium will be
a problem depends on the technology of batteries (interview 8). Right now there is no
other material for lithium that has the same function, so Blue Solutions is working hard
to minimize/optimize the quantity of lithium they need for batteries. Lastly, in terms of
substitution, technological development also helps to look at other sources of energy
saving and mobility than the battery (interview 6).
Technological development and consequently adopting CBMs, can contribute to
the economic rationality by offering a competitive advantage. As interviewee 4 claims,
technology is more important than money and size. For instance, Tesla cannot compete if
another company has a battery technology that has half the environmental impact. Then
Tesla is also forced to rethink their batteries. So technological development plays a
crucial role in ecological modernisation as it can both contribute to the economic and
ecological rationality through CBMI.

7.2.1 Technological lock-in

In contrast with the positive features of technological development for CBMs, it
can also hinder the inclusion of circularity principles. One of the circularity principles is
to extend the first life of the battery, nevertheless this can be hindered by the (lack of)
technological development in the car industry. According to interviewee number 8, it is
very difficult to reuse the same battery in a different car, because each car is different. A
battery developed 10 years ago is not suitable for a new car today as the dimensions and
sizes will be different. Currently, there is no (technological) infrastructure to make sure
an old battery fits in a new car that has a different design. Besides, by the time the car
breaks, which is generally after 15 – 18 years (interview 6), the battery technology has
also improved. According to interviewee number 8 it would not make sense to increase
the performance of the car and not that of the battery, which then also would have
improved in terms of price, energy density and power. So it is not profitable to design
batteries that outlive the life-span of their cars, because of technological innovations
(interview 8). Generally, interviewee number 8 believes it is up to the car manufacturers
to come up with ideas to overcome this, not the battery producers themselves. Another
way in which technology hinders ecological modernisation is explained by the concept of
technological lock in, in which a society is adopted to a certain type of technology which
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makes it difficult to switch. As society is used to having a personal car each, it is more
difficult to create sharing systems in which the use of the car is intensified.
In sum, technological innovation is both an enabling power for ecological
modernisation and an inhibiting force. Because of its potential to empower both the
economic and EcoRRS, it is the interface where the political and economic actors meet
and collaborate to emancipate the EcoRRS.

7.3 Precondition for ecological modernisation: transparent
monitoring
Transparent monitoring and data sharing form one of the preconditions for
ecological modernisation. The EcoRRS is being emancipated through making the
externalities transparent (interview 7). By internalising the environmental externalities
in accountancy, ecological sound performances are being recognized and progress is
measured. As interviewee number 7 observes, big accountancy firms are seriously trying
to internalise those externalities that have no market prices, which creates a competitive
advantage and can contribute to both the ecological and economic rationality. Moreover,
for the CBAM to be successful, monitoring and labelling of the environmental footprint is
crucial. Through making ecological monitoring obligatory, the government actively
integrates the EcoRRS within the economic rationality. In addition, monitoring and
transparency help combat greenwashing and empower buyers and investors to make
environmental choices that are labelled as such by the EC.
In the Netherlands, there is a programme from the national government that tries
to internalise the externalities, called DUBOCALC (interview 7). It is basically a
calculation tool calculating the environmental impact of materials in a LCA from mining
to demolition (7.4). The tool is intended to contribute to the CE objectives, but is currently
mainly applicable to the construction industry and not to batteries.
According to interviewee number 5, it is currently difficult to determine the state
of health of a battery, which slowly decreases over time. When this battery health is
unknown, it is more difficult to adopt circularity principles mainly for safety reasons. That
is why interviewee number 5 advocates for a label, a sort of battery check, is necessary
to make that type of information accessible. Such a label also creates value for the
batteries that have a longer life span, as consumers can observe the quality of the battery.
Through this sort of regulation, battery companies are encouraged to make durable
batteries and protect their brand name as having a battery with a low state of health is
not positive for their brand image. Nevertheless, this label has not been implemented yet
on a broad scale, but shows the potential role of monitoring in increasing the EcoRRS.
High Performance battery encourages their licensees (customers) to display the
environmental footprint (LCA) of the battery, from the resources up to recycling.
Assumptions of LCA need to be made transparent to make the result comparable and
controllable. According to interviewee number 7, the battery passport which is expected
to be implemented, will help in creating transparency and insight into where the batteries
are made, where they are in stock, where they are used and where they end after their
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end-of-life. Moreover, making the battery management system public, helps in finding out
whether the battery can be used for other applications (interview 6).
Interviewee number 2 recognizes the beneficial effects of monitoring. As he
observes, an enormous force for positive change is the fact that financial institutions will
have to report on the sustainability in their portfolio in 2023. As mentioned before, the
GRI is working to standardise this sustainability measurement. It determines what are
the most critical issues in terms of sustainability in a company or in a product group and
then looks at the 10 most important issues and assesses whether it is going in the
direction of ecological modernisation. It becomes more difficult for companies to call
their products sustainable if they have to fulfil this standardised measurement,
combating greenwashing
Another tool combating greenwashing is the new taxonomy classification system
of the EU, which is expected to change a lot. It demonstrates which activities are allowed
to be called green investments. This taxonomy targets both EcoRCC and EcoRRS as it
covers emission reduction, climate adaptation, mitigation and circular economy.
Additionally, there is the requirement that green investments have to show they do no
significant harm to one of the other themes (interview 2). When this taxonomy enters
into force and becomes obligated, ecological modernisation can be observed. Almost
literally, the environmental interests are directly connected to the economic rationality.
Through the interference of the government, the economic actors are forced to link their
investments together with the environmental impact before they are allowed to call them
‘sustainable’. By being transparent about the environmental impact, customers and
investors are empowered to make a choice that is actually more sustainable. Interviewee
number 4 agrees that this is a very powerful tool. If investments, the crucial part of
economics, are turned into sustainable investments, then sustainability becomes a very
strong component of every technological decision. The environmental impact of new
technologies is then taken into account increasing closed circles.
To sum up, only by exposing what the impact is, can environmental development
in the battery sector be measured and can be determined whether ecological
modernisation is indeed taking place.
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8 Conclusion
The aim of this chapter is to combine the answers of the guiding questions
discussed in chapter 4 to 7 to answer the main question: ‘to what extent is the ecological
rationality integrated in the political and economic rationality of the battery sector in the
Netherlands and the EU, through implementing a circular economy?’ As has been explained
in the previous chapters, also this research question has to be corrected. ‘The’ ecological
rationality is no longer covering the load of the two ecological rationalities and cannot be
observed as one. Because the focus of this research is on resource scarcity, ‘the’ ecological
rationality is replaced by the ecological rationality of resource scarcity – EcoRRS. Thus,
the conclusion examines to what extent the EcoRRS is integrated in the political and
economic rationality of the battery sector in the Netherlands and the EU, through the
implementation of a CE. Subsequently, the rationales that explain this integration are
outlined and their influence on the emancipation of EcoRRS is critically reviewed.

8.1 Weak emancipation of EcoRRS
The ecological rationality on resource scarcity (EcoRRS) is increasingly being
integrated in the political and economic rationalities, albeit on a superficial level. Both
the Dutch and EU government are developing strategies and policies to transition
towards a CE, but obligatory measures and instruments are currently lacking to enforce
the implementation of these policies. Moreover, because of multiple reasons, the focus
within businesses is on low-grade forms of CE e.g. recycling. As a result, weak
environmental reform can be observed.
Looking more closely, governmental policies, both from the EU and the Dutch
government stimulate the integration of EcoRSS, but rather passively. The producer
responsibility is the most strict regulation in place that obliges companies to take back
their EVs and batteries from the market. This is currently the only policy in place that
obliges the market (the economic rationality) to take the EcoRRS into account. There are
no additional requirements (yet) on the origin of the materials, the battery life, the
business model or the process of the end-of-life batteries that stimulate a circular battery
life cycle. The EU battery regulation is currently under debate and is expected to come
into force in 2023. If this law passes and is integrated in national regulations, it can be
expected that a stronger narrative around EcoRRS will be developed which can lead to a
stronger integration of this ecological rationality in the market. Nevertheless, the
translation of this new EU regulation to national policies might take a long time and the
actual execution is to be evaluated. Moreover, the EU and Dutch government attempt to
stimulate the transition to a CE through facilitating instruments. Examples include
subsidies, partnerships, workshops and consumer discounts. Due to the non-committal
feature of these instruments and the absence of instruments that fundamentally change
the market, the governmental support for integration of EcoRRS is limited. In addition, as
described above, most subsidies, partnerships and discounts are focused on EcoRCC and
not EcoRRS, limiting even more the emancipation of EcoRRS.

63

In companies a similar weak integration of the EcoRRS can be observed. As the
results have shown, the business models of ‘cycling’ and ‘extending’ are most prevalent
in the interviewed battery companies. In these business models, materials are recycled
and batteries are being repaired when broken or used for another application.
Nevertheless, according to the theoretical framework, recycling is the lowest strategy on
the R-ladder in which the most value of the materials and energy gets lost. Currently, this
is the most common way in which the interviewed companies claim to take the EcoRRS
into account. The business models that accommodate more fundamental environmental
reform, namely ‘intensifying’ and ‘dematerialising’, are in the picture, but not broadly
adopted. The process of intensifying and dematerialising mean that the whole usage of
batteries in EVs would be re-evaluated. The service of transport is put at the centre of
attention and not the sole purpose of owning an EV. This could lead to fundamental
environmental reform as the whole buy-and-sell market would be re-evaluated and
possibly changed. EVs in general could become redundant, limiting the need for new
resources. Unfortunately for the emancipation of EcoRRS, the data shows that this level
of ecologising the economy is still exceptional and uncommon.
So the EcoRRS is being increasingly integrated both through governmental
circularity policies and circular businesses models, but on a weak level with limited
impact. Consequently, weak environmental reform on EcoRRS can be observed. As
interviewee number 7 accurately clarifies: ‘resource scarcity is too important to ignore,
but not important enough to fundamentally change now’

8.2 Explanation for the weak integration of EcoRRS
The explanation for this weak integration of EcoRRS is multifaceted. The
emancipation of the EcoRRS is dependent on various other rationales, of which the most
prominent ones are discussed below. These other rationales can simultaneously
contribute to and limit the emancipation of EcoRRS. This makes the relationship of
EcoRRS with other rationales complicated and difficult to discuss consistently. The
explanation starts with rationales that mostly reinforce the integration of the EcoRRS in
the political and economic rationality. Subsequently, the rationales that mostly limit the
emancipation of EcoRRS are outlined. Lastly, the interaction between EcoRRS and
EcoRCC is examined, which appears to both enforce and limit the emancipation of
EcoRRS.

8.2.1 Geo-political rationality
The first rationale contributing to the emancipation of EcoRSS is the geo-political
rationality. EMT emphasizes the importance of planetary boundaries and environmental
destruction as a reason for ecological emancipation. Nevertheless, what the results show
is that although political and economic interests clash with the EcoRRS, in some cases
they also reinforce environmental interests. In the interviews, international
dependencies were most frequently mentioned a reason to adopt CE policies, especially
related to the EU government. Moreover, disruptive forces and crises like the COVID-19
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pandemic and the war in Ukraine increase the sense of scarcity. The security of the supply
chain is disrupted, which increases the urgency to secure resources for the production of
batteries. These disruptive forces create a momentum for change and thus the
emancipation of EcoRRS. They underline the vulnerability of the supply chains and
highlight the (geo-political) dependency that comes with it. Especially in the battery
sector, Europe is heavily dependent on the mining of the resources from DRC, Australia
and Indonesia, but more importantly dependent on the refinement processes in China.
Consequently, political and economic actors are increasingly focussed on ensuring the
independence of the EU from these countries. This EU independency is facilitated by
partnerships, technological development and subsidies for battery manufacturers and
recycling facilities in the EU. At the same time, these measures also contribute to the
integration of the EcoRRS by economizing the ecology through providing subsidies for
environmentally sound businesses and projects. The political and economic rationality
are also strengthening the EcoRRS through ecologising the economy, by increasing
transparency in supply chains and facilitating recycling, through the implementation of
the battery passport.

8.2.2 Civil societal rationality
Next to the economic, political and ecological rationalities, another rationality
emerged out of the interviews as a reason to embrace the circularity principles: the
societal rationality. EMT also recognizes this rationality, although to a lesser extent than
the economic and ecological one. In this research, the focus has been on the political and
economic factors, but during the interviews several societal elements were discussed as
well. They also influence the process of ecological modernisation and can therefore not
be ignored. For example, businesses claim to be intrinsically motivated to include
environmental concerns into their business models and take better care of the planet. As
interviewee number 3 says ‘it is in the culture, in the DNA of the Volvo Group to be in the
forefront with lowering emissions and going to zero emissions’. In addition, interviewee
number 8 claims that even if the ‘European regulation will not be there, it’s critical for us
to recycle’. This is also related to the public image of the company, so their interests in
environmental concerns can also be attributed to strategic reasons which lead back to
the demands from society. Moreover, companies favour partnerships with other
companies that are sustainable labelled or considered sustainable by the public. For
example, the Volvo Group started an alliance with Samsung SDI because they are in the
top 10 most sustainable companies. Customers are increasingly demanding ‘green’
products (interview 2). Supporting this, it is because the customer is asking for it that
Blue Solutions repairs the batteries (interview 8). According to interviewee number 8,
business companies are always driven by the customer. This illustrates the interaction
between the societal rationality, in which citizens desire more environmentally sound
products and the economic rationality, in which companies target the societal demands
to increase profits.
Another societal reason to implement CBMI, is that companies want to attract the
right, talented people to their companies (interview 3 & 7). Lastly, safety of human well65

being can be a reason for companies to take a rather circular approach. Companies do not
want to be known to favour human rights scandals in DRC, which also forms a reason to
be more careful with resources such as cobalt (interview 4). This is both related to the
mining of the resources and dumping EV waste in Africa (interview 4). Avoiding the use
of cobalt, helps to solve this problem. At the same time, safety measures can hinder the
implementation of CBMs, as human safety is prioritized over the reuse of batteries. So
even when there is (small) damage the battery might not be safe anymore, the lowest Rladder strategy, recycling or recovery, is chosen (interview 6).

8.2.3 Vague terminology
The most important limiting factor for strong environmental reform on resource
scarcity, is that a strong narrative on resource scarcity is missing, which limits urgency of
the development of circular policies and business models. Vague terminology enhances
the lack of a strong narrative on resource scarcity. To clarify, what is meant with ‘the’
environment? What does ‘sustainable and circular policies’ mean in practice? Terms
related to the emancipation of any ecological rationality seem to be rather vague. When
asked in the interviews, it appeared to be difficult to define what is exactly meant. ‘The
environment’ can both refer to the state of health of the soil, air, water, but also societal
environment, resources etc. There is no clear definition of what environmental policies
mean. The implementation of a CE is considered a way of internalising externalities
through ecologising the economy. Nevertheless, what exactly is a CE? Corvellec et al.
(2022) also criticize the unclear definition of a CE which is in line with the findings of this
thesis which show that it is hard to define CE. Often CE is expressed in recycling practices.
However, according to the theory and academic definitions, CE also refers to a
structurally different society. A carefully executed CE could in theory lead to structural
environmental reform. In reality however, CE more often entails weak environmental
reform in the form of recycling. Thus, to assess the emancipation of the environment,
terminology needs to be clear. Vague terminology hinders fundamental ecological
modernisation.

8.2.4 Second ecological rationality: focus on EcoRCC
Lastly, the interaction between EcoRRS and EcoRCC both enforces and limits the
emancipation of EcoRRS. As previously mentioned, apart from the rationalities already
defined in EMT, this thesis exposes a new type of ecological rationality. EMT differentiates
between political, economic, societal and ecological rationalities, but it does not separate
categories within each rationality. Hence, according to the theory, there is just one
ecological rationality. However, the results of this thesis showed that the ecological
rationality can no longer be considered as one, coherent rationality. A separation can be
made between two ecological rationalities that interact with each other and are
sometimes even in conflict. The first ecological rationality, EcoRCC, refers to the
rationality that prioritizes action to combat the pressing environmental issue of climate
change. The second ecological rationality, EcoRRS, refers to the rationality that advocates
66

for right management of natural resources through implementing a CE. It combats
resource depletion and waste accumulation produced by the linear economy. The lack of
clear terminology, as discussed above, amplifies the unclear distinction between the two
ecological rationalities. Even the interviewees themselves are not always clear to which
ecological rationality they refer to. Through words such as ‘climate change’, ‘energy
transition’, ‘renewable energy’, ‘GHG’ or ‘0’ emissions it becomes clear EcoRCC is meant.
Similarly, words as ‘circularity’ ‘closed-loop’ and ‘recycling’ belong to EcoRRS.
When making this clear distinction, an interesting observation can be made:
EcoRCC is further in its emancipation through ecological modernisation than EcoRRS.
Consequently, in most cases where EcoRCC is prioritised, the emancipation of EcoRRS is
being opposed. The dominance of EcoRCC is demonstrated by the fact that all
interviewees emphasize the importance of the energy transition even without the
interviewer mentioning the problem of climate change in the questions. Interviewee
number 3 illustrates: ‘it’s the whole transport industry that needs to transform in order to
reach 0 emissions and everybody understands it’. Their customers are requiring a solution
that involves ‘zero emissions’. This is similar for interviewee number 8 who claims their
customers want to be ‘carbon neutral’. Interviewee number 3 would be extremely
surprised if the public transportation administrator of the municipality is not discussing
‘emission reductions’. Interviewee number 2 acknowledges that we have to change to a
green industry, in which the ‘fossil-economy’ is abolished. An important source of money
for climate action is the so called ‘SD+’ or ‘SD++’ (Subsidieregeling Duurzame Energie),
which is meant to stimulate the use of sustainable energy. The ‘++’ is referring to reduce
GHG emissions, which can be paid for by this subsidy. GHG storage is also part of this
subsidy. Nevertheless, those climate subsidies are focused on reducing GHG as quickly
and cost-efficiency as possible. The environmental focus is limited to EcoRCC. There is
insufficient eye for EcoRRS and the resources that are needed to realize this transition.
For example, environmental conditions that take EcoRRS into account are lacking in the
climate subsidies and funds. Another example where EcoRCC is favoured is that the taxes
on GHG emissions are rising, but a tax control on virgin resources is non-existent.
Taking it a step further, a conflict can be observed between EcoRCC and EcoRRS.
As interview 5 illustrates: ‘we need batteries to make mobility more sustainable. In the end
we want to drive of electricity and not on fossil fuels, to reduce GHG emissions. So yes, we do
need the resources for the batteries, but what was it we needed the batteries for?’ The
demand for EV batteries is growing immensely, because it is considered an indispensable
part in the fight against climate change. The EC wants to stop fossil fuel motors by 2030,
pushing the transition from conventional cars to EVs. On the other hand, the best action
for EcoRRS is to stop mining new resources, reduce waste and work towards a circular
battery system. However, critical efforts are not made to reduce the number of batteries
but to increase this number (interview 8). This examples implies that EcoRCC is further
in its emancipation than EcoRRS, since the problem of resource scarcity and waste
accumulation is marginalised when compared to climate change. The need to drive on
electricity is more important than stopping environmental degradation through resource
extraction.
67

The trade-off also works the other way around. The processes of battery recycling,
which is in line with EcoRRS, requires a lot of energy. Using energy to create a circular
battery system is counteracting EcoRCC, which aims to reduce the amount to energy.
Interviewee 6 recognizes that this trade-off should be considered when assessing
whether it is worth it to get the materials out in terms of energy. Again, the focus is on
EcoRCC and not EcoRRS: it is assessed whether a circular battery system is worth it in
terms of energy, not whether the energy transition is worth it in terms of resources. The
priority is on one ecological rationality and not the other. Technological innovation has
the potential to reduce this conflict, when recycling processes are discovered that use less
energy or when batteries are developed that have a long durability.
All in all, there is a general understanding that EcoRCC in terms of reducing
emissions has to be prioritised, demonstrating its emancipation both in governmental
policies and business. When making a distinction between the two ecological
rationalities, EcoRRS receives less attention and prioritisation than EcoRCC. A strong
narrative around resource scarcity is lacking in both governments and businesses,
limiting the emancipation of EcoRRS.

8.3 Reflection: how do circular economy principles, ecological
modernisation and resource scarcity relate to each other?
In the problem statement it was questioned whether the implementation of
circular principles in policies and business models can be considered a form of ecological
modernisation. Policies on CE in the battery sector in combination with CBMs were
introduced as a possible way of a manifestation of ecologising the economy. In theory,
implementing a CE at a fundamental level both in policies and businesses, could definitely
contribute to ecologising the economy and economising the ecology and thereby realising
ecological modernisation. CE theories advocate for the integration of environmental
interests within the economy. When performed well, both the economy and the ecology
could thrive. In this part I assess whether the principles of a CE in the battery sector are
indeed an embodiment of EMT.
Firstly, what should be noted is that adopting a CE is not a clear-cut process, but
rather a slow transformation in which environmental principles are integrated within the
economy. This transition does not take place overnight. Slow, incremental changes in the
battery sector can be observed that contribute to the principles of a CE. Most notably
intentions and goals are set to reach a CE. The ambition of both the EU and the Dutch
governments is huge. However, what this thesis has demonstrated is that when push
comes to shove, the actual implementation and instruments used to reach these
ambitions are quite limited considered the enormity of the goals. So on paper the
intentions are set, which could lead to ecological modernisation under the condition that
these plans are carefully executed in reality as well. This is something that is to be
assessed in a later stage of the implementation of the policies, since the plans are
relatively new and still need time to be translated to national policies.
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In the business sector, ambitious plans also play a crucial role in advertisements
for including environmental concerns in the production process of batteries. However, in
practice the implementation of a CE is less fundamental than the theory suggests it should
be to reach fundamental ecological reform. The lowest forms of CE are being adopted in
the form of recycling, limiting the ability to prevent structural environmental
degradation. Ecological modernisation is taking place in the sense that there is a broadly
shared consensus of urgency to stop ignoring the environment in economic activities. The
extent to which this urgency is taken serious differs extremely per person and per
organisation. Because both the EU and the Dutch government refrain from structurally
intervening in the market and stimulate business models that adopt a higher form of CE,
namely intensifying and dematerialising models. Battery companies that take minimal
effort in implementing a CE are officially contributing to the integration of EcoRRS, but
because the governments have not provided a strict framework, it stays with superficial
actions.
The role of EcoRRS is not so dominant (yet), partly because of the eminent focus
on EcoRCC. The EU government and companies are for various reasons motivated to
produce and execute circular strategies. Most prevailing reasons in this research
appeared to be striving for geo-political independence, the obligation of following
governmental regulations and making sure the demands of the customers are met.

8.4.1 Theoretical discussion

As discussed in detail above, the narrative around EcoRCC is much stronger than
around EcoRRS. Consequently, the biggest contribution of this research is making the
distinction between those two ecological rationalities. Besides the interaction of the
political, economic, societal and ecological rationality, a second ecological rationality has
been identified that competes with the first one. By making this distinction it becomes
more challenging to assess whether fundamental ecological modernisation is taking
place. It raises questions such as, what kind of environmental integration does ecological
modernisation observe? Does it refer to all types of ecological integration, even when
other ecological rationalities are being disregarded? Or does ecological modernisation
require that all ecological interests are combined and one single ecological rationality
cannot be analysed in isolation? If the first type of ecological modernisation is adopted
and ecological rationalities are analysed separately, several complications emerge.
For example, the emancipation of EcoRCC does not necessary lead to fundamental
ecological reform, even with the observed increase of attention for this rationality. The
increased production of EVs is supposed to contribute to the transition of a society based
on renewable energy sources. Action is taken to combat climate change, include the
environmental rationality in the economy and thus potentially realise ecological
modernisation. Technological developments help to innovate ourselves out of a society
based on fossil fuels. At the same time, the promotion of EV purchasing contributes to
market capitalism and the economic rationality. When the second ecological rationality
on resource scarcity is ignored, this process could be considered ecological
modernisation, since both the environment (in the form of the climate) and economy are
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prioritised. Nevertheless, the production of cars is not reduced, but stimulated,
demanding tremendous amounts of resources. When taking this first approach, it could
be dangerous to claim that fundamental the environment is taking place, because the
environment is also harmed by this type of ecological modernisation.
To overcome this, several things have to be considered. First, clear terminology
needs to be used in every policy document and business strategy to be clear about which
environmental problem is addressed. Moreover, in addressing environmental problems
they cannot be viewed separately as they appear to be interconnected. Focussing on just
one of them creates the pitfall that another environmental problem might be created. The
era of tackling environmental problems in isolation should be over. System thinking and
taking a holistic approach, not excluding side effects in research is essential in order to
reach fundamental ecological reform. Furthermore, fundamental ecological reform can
only be reached if other, high-grade forms of CE are implemented and adopted. In
addition, the role of both the EU and Dutch government should be stronger in
implementing CE policies that make sure the limits of planet are taken into account in the
economy. Eventually, it are the policies that create the conditions in which the battery
producers and improters can thrive. It is part of the governmental tasks to make sure the
health of the population and thus that of the planet is safeguarded. When the regulations
do not make sure this goal is met, human life is at stake. Lastly, lobbying should be
separated from the state to make the transition from business as usual to CE more easy.
All in all, what can be derived from this analysis, is that the economic rationality is
still dominant when looking at EcoRRS. Weak ecological modernisation is taking place, in
which the EcoRCC is more strongly integrated in policies and businesses than EcoRRS.

8.4 Limitations
The limitations concern the use of EMT and CE as a theoretical framework and the
interview methodology. First, the analytical capabilities of EMT are limited because the
theory has been developed by westerns scholars only. EMT has not broadly been adopted
by scholars from other parts of the world, questioning its applicability to all regions of
the world. Similarly, due to the focus on the EU and the Netherlands, the results are not
applicable to other parts of the world. In the globalised world of today, the production of
an EV concerns not only the West, but also Africa, South America and China. Moreover,
EMT is recently not being applied in a lot of scientific researches, decreasing its credibility
in analysing reality. As shown in the results, new elements to EMT could be added to make
the theory more complete.
Regarding the use of CE in the form of policies and CBMs as a theoretical
framework, several limitations have already been discussed. Most importantly, adopting
a CE does not automatically mean something is better for the environment due to the
rebound effect. So even when the production of batteries is made more efficient and
circular, the increasing demand counteracts the beneficial environmental benefits and
ecological modernisation is impaired.
The most important limitations on researching data from one point in time, the
cross-sectional method, are the following. First the interviews provided data on attitudes
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and behaviours, but cannot measure change. Only the situation has it is right now is
considered and a change is not measured. Moreover, the interviews answered who, what,
when and where questions, but did not establish a cause and effect. Although the
relationship between resource scarcity, CBMI and circular policies was assessed, a solid
cause and effect cannot be claimed. It is hard to identify within a company what the main
reason is for circularity plans on lithium, cobalt, copper and nickel. Lastly, other variables
could influence the actions to include environment in the policies and business models
than have been established in the interviews. The research does not claim to be complete
in that sense.
In addition, the interviewees were gathered through snowball sampling. Only
people who were interested in or working with a CE were interviewed. Consequently,
there might be a bias of prioritizing the implementation of a CE, since they are the ones
responsible for it. People who work in parts of the government or companies that do not
share the urgency to change from a linear to circular economy, were not interviewed.
Therefore, the results are not complete in outlining what the general status is regarding
ecological modernisation.
Lastly, as emphasized by one of the interviewees, it is hard to know for sure what
actions the government and a company are truly taking. A lot of their claims can also be
attributed greenwashing both on the website and in the interview. Because I did not visit
the government enforcement and companies, I cannot check whether they are actually
implementing circular strategies or not or whether it is just words and plans.

8.5 Recommendations for future research
The most important recommendations for future research relate to the further
emancipation of multiple ecological rationalities. To reach fundamental ecological reform
and an ecological modern society, more research is needed on the interaction between
the rationalities in other sectors, taking into account the fact that there are multiple
ecological rationalities that also interact with each other. This research has exposed two
distinct ecological rationalities that coincide but are also in conflict. This opens the
suggestion that there might be more ecological rationalities that have a similar
interaction with each other. In future research on EMT it is important to make a clear
distinction between the ecological rationalities, as one ecological rationality can influence
the emancipation of other ecological rationalities. It will be especially interesting to
further investigate the current ambition to transition to renewable energy sources and
what environmental resources are required to realise this. For example, the impulse to
use renewable energy sources, such as wind, solar, hydro energy, also impacts the
biodiversity, which would potentially be a third ecological rationality. More research is
needed to examines these relationships.
Moreover, this research has contributed to the understanding of how a CE in the
form of circular policies and CBMs in the battery sector can lead to (weak) environmental
reform. This relationship between EMT and CE is relatively new and should be further
investigated in other contexts than the battery sector to determine whether the
implementation of a CE can indeed lead to ecological modernisation. Thereby it should
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be central to assess whether the implementation of a CE can lead not only to weak but
also to strong ecological reform.
Another recommendation for future research is to take the role of the civil society
more prominently into account. The relationship between the rationality of the civil
society and the political, economic and ecological rationalities has not been addressed in
this thesis. It could be asked for example, how the civil society relates to ecological
rationalities in general or whether the civil society recognizes a distinction between the
ecological rationality on climate change and the ecological rationality on resource
scarcity? Moreover, the role of the civil society in the emancipation of all ecological
rationalities in the economic and political rationality should be further investigated. The
contribution of the civil society is less prominent than that of the political and economic
rationality. By investigating to what extent the civil society contributes to strong
environmental reform, the knowledge on the societal transition needed to reach
fundamental ecological reform can be expanded. Another unexplored rationale that plays
a role in the implementation of a CE and ecological modernisation, is the scientific
rationality. Science can facilitate instrumental control over nature and devise a language
for doing so. Moreover, science can determine the optimal exploitation rates. Science as
such has not been distinguished in this research, but also has an influence on
environmental reform. So both the role of science and of the civil society could be
included in future research.
Lastly, this thesis is a snapshot of the current situation. A lot of governmental
plans, such as the new EU battery regulation, are under development and are still to be
translated to national policies. What will be interesting to investigate is whether a
stronger form of environmental reform can be observed when these policies are fully
implemented. The reason the environmental reform is currently weak, is that there are
lots of plans, but most of the implementation is missing. When the CEAP, Green Deal and
the new battery regulation are enforced on a national scale, it would be expected that the
ecological rationality on resource scarcity is more strongly integrated in both the political
and economic rationality.
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Appendices
Appendix A – guideline communication before the interview
•
•
•

•
•
•
•

Thanking the person that he/she is willing to participate in this interview
Sharing expectations; the interview will last between 45 to 60 minutes
Explaining who I am and why this interview is valuable
o Worldwide ambition to transition towards renewable energy sources
o Focus is on the EV sector and batteries
o Resources are needed for the production of batteries (lithium, cobalt copper and
nickel)
Check if there is confidential information that has to stay anonymous (names,
companies etc.)
Asking for permission to transcribe and record
Anything else before we start?
Start interview

Appendix B – Policy / government questions
General
1. What is your position within the government?
2. How are you involved in the circularity policies?
EU Green Deal/CEAP (circular economy action plan)/Dutch strategy
Focussing only on lithium, cobalt, copper and nickel
3. What is the vision of the government on the predicted resource scarcity in the
EV/battery sector?
4. Which role do the resources lithium, cobalt, copper and nickel get within the policies of
the government?
5. What are the instruments the EU/Dutch government is using at this moment to
accelerate and stimulate the transition towards a circular economy for these 4
resources?
6. How is sustainability of lithium, cobalt, copper and nickel prioritised and ‘green choices’
encouraged?
7. How is sustainability integrated in the economy at this moment?
a. Environmental tax
b. Increasing the demand for sustainable products
c. Ecological conditions for investments
d. Ecological conditions for insurances
e. Monitoring of the environmental impact?
f. Information supply on the environmental impact?
8. Which role does technology play in the transition towards a sustainable and circular
society for lithium, cobalt, copper and nickel?
9. What policies does the EU have to encourage this? Which concrete targets are set?
10. How is the EU supporting the development of sustainable technologies in the battery
sector with concrete governmental policies? To make sure the environmental scarcity is
decoupled from economic growth?
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11. Which motives/reasons are there for the implementation of a Circular Economy within
the government? Does resource scarcity play a specific role in this?
12. 3 specific questions on the shared documents
Resources in the EV sector
13. What is the current vision/goals on the life-cycle of the following metals? Are there any
concrete rules on these metals?
a. Nickel
b. Lithium
c. Cobalt
d. Copper
14. What happens with these materials if the end product reaches its end-of life? Are there
any governmental policies for?
15. Are there any requirements on the production/design of the batteries? For example how
much should be made of recycled lithium, cobalt, copper and nickel?
Circular Business Models
16. What are the governmental instruments to stimulate EV/battery companies to prioritize
ecology and implement CE in their business models?
17. In what ways are businesses in the EV sector stimulated/facilitated to deal with lithium,
cobalt, copper and nickel in a circular way?
18. What is being achieved right now with the current measures?
19. Which circularity principles and business models are being encouraged?
a. Cycling
b. Extending
c. Intensifying (sharing economy)
d. Dematerialising? (product to service)
Other & Closure
20. Do you know anyone else within the EU/Dutch government working in the EV sector
that would be open to an interview?
21. Anything else you want to share?
22. Closure.
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Appendix C – Business questions
General
1. What is your position within the company?
2. Is you company involved with EBA/GBA? Why? How?
Strategy
3. What are the companies’ long term strategies/goals in the area of sustainability and
circularity? What are the motivations for these goals?
4. Are there any requirements the input and output of your products have to follow?
Which (environmental) requirements?
5. An additional 3 questions focused on their strategic goals.
Raw materials / resources
6. In what way is the company linked to or related with the mining of the raw metals
lithium, cobalt, copper and nickel? What is the influence of the company on this?
(how closely are they related to the mining activities, e.g. how quickly would they notice
there is a scarcity)
7. To what extent are you focused on the availability of the virgin/new lithium, copper,
cobalt and nickel? How do you perceive the availability of these metals? Are they easily
accessible for you?
8. How do you see the availability of these metals in the future? Is that going to change?
(How lang do you think these metals will be available)
9. To what extent does the projected resource scarcity play a role in your strategies and
business operations?
Circular Economy
10. What is happening to the resources lithium, copper, cobalt and nickel that enter your
supply chain? Do you keep track of these resources? What happens with the product
once it reaches its end of life?
11. Is there any way in which the products are ‘smarter’ designed in such a way that a
product is used more intensively (sharing economy) or the amount of materials needed
per product are reduced?
(so designed in such a way that the precious materials do not end up in the trash can?)
12. To what extent is sharing your products encouraged? Is sharing cars/battery-use
something that your company considers doing (product to service)?
13. Are there ways in which the lifespan and use phase are extended, through reuse, repair,
refurbish and repurpose (parts of the product used for a different application)
14. Is there a way in which the metals are recovered or recycled?
15. Are there any conscious priority settings of the different ways of R’ing your products?
16. Is there a plan to become more circular in the business operations and in the supply
chain?
17. How? (circular transformation (internal), supporting circular start-ups, diversification
or acquisition?)
18. Why? What are the motives to integrated the circular economy principles in your
businesses?
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Relation governmental policies
19. To what extent do you feel the EU considers the future resource scarcity as a problem to
which it undertakes constructive action?
20. What is the current influence of the EU to help and motivate businesses in this sector to
become more sustainable and circular?
21. Do you feel like the EU is supporting you to become more circular as a business?
22. What is the EU currently doing to:
a. Steer and support sustainable technological innovations in the battery sector?
(and thus decouple the growing production of batteries with the ecological
impact)
b. Include the ecological value inside the market? (through for example price/taxes
to motivate ‘green choices’)
c. Stimulate companies in the battery sector to consider the ecology as a priority?
23. What could the EU do to support and motivate businesses to transition towards a
circular society?
d. Laws, rules fines?
e. Subsidies?
f. Changed marked incentives in the form of taxes?
g. Informing?
h. Connecting?
Other & Closure
24. Do you know anyone else within the EV sector that would be open to an interview?
25. Anything else you want to share?
26. Closure.
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Appendix D - Overview interviews
#

Institutional
sector

Organization/position

Date
interview

Duration

Sector

1

Government

Dutch Environmental
Policy maker

15
December
2021

1h 7m

Dutch
Environmental
Policy Framework

2

Government

Senior Policy Officer
Ministry of
Infrastructure and Water
Management, managing
board of sustainable
living environment and
CE

17
December
2022

1h 17m

Working on the
intersection of
economic and
environmental
policies with a
focus on the
circular economy

3

Business

Battery circularity
sustainability expert at
Volvo Energy at Volvo
Group

31 January
2022

1h 9m

EV (trucks) &
electrical
machinery selling
company

4

Business

Chief Sales Officer at
High performance
Battery Holding

17
February
2022

1h 44m

Chemical
development of
batteries

5

Government

Project coordinator at
the Ministry of
Infrastructure and Water
Management

25
February
2022

1h 15m

Coordinator of the
Dutch battery
strategy

6

Business

Manager Batteries and
Quality Assurance at
ARN

02 March
2022

1h 11m

Collecting and
recycling
company

7

Business
working for
the
government
Business

Researcher at TNO:
critical raw materials,
circular economy

18 March
2022

1h 10m

Research institute
on critical
materials

Director of Public affairs
at Blue Solutions

21 March
2022

1h 2m

Producing
batteries

8

Executive board member
de Battery European
Partnership Association
(BEPA)
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BEPA

9

81

Government

Project coordinator for
Circular Manufacturing
Programme (UPCM) at
Netherlands Enterprise
Agency (RVO), focussed
on batteries

19 April
2022

1h 23m

UPCM

Appendix E - Additional documentation per interview
#
1

2

Additional documents
- 1.1 New coalitie/regeerakkoord
https://www.kabinetsformatie2021.nl/documenten/publicaties/2021/12/15/c
oalitieakkoord-omzien-naar-elkaar-vooruitkijken-naar-de-toekomst
- 1.2 National Milieubeleidskader
https://www.rijksoverheid.nl/documenten/rapporten/2021/02/22/nationaalmilieubeleidskader-definitieve-versie
- 1.3 NL Circular 2050 https://www.rijksoverheid.nl/onderwerpen/circulaireeconomie/nederland-circulair-in-2050
- 1.4. Om de leefomgeving - omgevingsdiensten als gangmaker voor het bestuur
https://open.overheid.nl/repository/ronl-d30f4087-d7dc-4dda-93b6f398127aa259/1/pdf/rapport-om-de-leefomgeving-omgevingsdiensten-alsgangmaker-voor-het-bestuur.pdf
-

3

-

4

-

-

-
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2.1 Uitvoeringsprogramma Circulaire Economie 2019-2023
2.2 Uitvoeringsprogramma Circulaire Economie 2020-2023
2.3 Naar een economie zonder afval; Brede maatschappelijke heroverweging
2.4 Assessment of potential bottlenecks along the materials supply chain for the
future deployment of low-carbon energy and transport technologies in the EU
2.5 Metalen voor een Groen en Digitaal Europa Een Actieagenda
2.6 https://versnellingshuisce.nl/
2.7 https://www.circonl.nl/
2.8 EZK: innovatief programma https://www.topsectoren.nl/
2.9 Leidraad voor de inhoud, gebruik en randvoorwaarden van een
materialenpaspoort (PDF)
2.10 taxonomy https://ec.europa.eu/info/business-economy-euro/banking-andfinance/sustainable-finance/eu-taxonomy-sustainable-activities_en
3.1 Website Volvo Energy https://www.volvogroup.com/en/aboutus/organization/other-entities/volvo-energy.html
3.2 Science Based Target https://sciencebasedtargets.org/
4.1 Website https://www.highperformancebattery.ch/en/
4.2 White paper ‘Rightsizing— but the right way Design of battery storage
systems for more sustainability in the energy transition’
https://www.highperformancebattery.ch/global/downloads/211008_Impulses_f
or_the_energy_transition_-_Rightsizing__but_the_right_way.pdf?m=1636392926&
4.3 Paper VDMA on recycling of lithium-ion batteries, 2021 (EN in PDF)
https://www.vdma.org/documents/34570/0/Brosch%C3%BCre%203%20Batterierecycling/a3cdb33b-463d-bbc3-0e3a-c3dfadb55b0f (DEU)
EU taxonomy? As a condition for EMT
Paper on the balance of a life cycle assessment (Hammond case) on LCA studies
and how to generalize/be transparent.

5

-

-

6

-

-

7

-

-

-

-

8

-
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5.1 Copper 8 Report, 2021: ‘Een circulaire Energietransitie Verkenning naar de
metaalvraag van het Nederlandse energiesysteem en kansen voor de industrie’
https://www.copper8.com/wp-content/uploads/2021/06/Een-circulaireenergietransitie.pdf (PDF)
5.2 Regulation of the European parliament and of the council concerning
batteries and waste batteries, repealing Directive 2006/66/EC and amending
Regulation (EU) No 2019/1020. https://eur-lex.europa.eu/legalcontent/EN/TXT/?uri=CELEX%3A52020PC0798
5.3 Vehicle to grid project: https://www.lomboxnet.nl/
6.1 Inzameling en recycling van batterijen en accu’s
https://www.ilent.nl/onderwerpen/producentenverantwoordelijkheid/inzameli
ng-en-recycling-van-batterijen-en-accu%E2%80%99s
6.2 website https://arn.nl/
6.3 besluitbeheer batterijen
6.4 Regulation ‘producer responsibility’, Staatsblad 2020, 375
https://zoek.officielebekendmakingen.nl/stb-2020-375.html
6.5 EU battery Directive (2006) https://eur-lex.europa.eu/legalcontent/EN/ALL/?uri=CELEX%3A32006L0066
7.1 methodology for establishing the EU list of critical raw materials
https://op.europa.eu/en/publication-detail/-/publication/2d43b7e2-66ac-11e7b2f2-01aa75ed71a1
7.2 TNO 2015 R11613 Materials in the Dutch Economy - A vulnerability analysis –
https://hcss.nl/wpcontent/uploads/attachments/TNO_2015_R11613_Materials_in_the_Dutch_Econ
omy.webversie_.def_.pdf
7.3 Pianoo instrument/aanbestedings procedure:
https://www.pianoo.nl/nl/inkoopproces/fase-2-doorlopenaanbestedingsprocedure/afronden-aanbestedingsprocedure
7.4 DuboCalc is een rekeninstrument dat hoort bij de Aanpak Duurzaam Grond
Weg en Waterbouw (GWW) https://www.rijkswaterstaat.nl/zakelijk/zakendoenmet-rijkswaterstaat/inkoopbeleid/duurzaam-inkopen/dubocalc
7.5 CBAM (carbon border adjusment mechanism)
https://ec.europa.eu/commission/presscorner/detail/en/qanda_21_3661
7.6 Coalition of the willing? https://publish.circle-economy.com/capitalequipment-coalition
7.7 https://ikwilcirculairinkopen.nl/
8.1 Website Blue Solutions https://www.blue-solutions.com/en/
8.2 https://www.blue-solutions.com/en/battery-technology/
8.3 Battery European Partnership Association (BEPA) https://bepassociation.eu/
(trying to beat the next battery challenge)
8.4 EASE: The European Association for Storage of Energy https://easestorage.eu/ (decides on battery regulation)

-

-

9

-

10
11

-

-

-

-

-
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8.5 European Battery Innovation (EuBatin) program (925 mil. For industrial and
academic research) https://www.ipcei-batteries.eu/
News for 8.5 background: https://www.eba250.com/eu-approves-e2-9-billionstate-aid-for-a-second-pan-european-research-and-innovation-project-along-theentire-battery-value-chain/
8.6 Partner Blue Solutions: Advanced European Rechargeable Batteries:
https://rechargebatteries.org/
8.7 Horizon https://horizonbattery.com/ (projects/grant designed for the
environment)
9.1 Het National Actie Plan Batterijen (PDF)
9.2 Leyden-Jar https://leyden-jar.com/ (nieuwe batterij technologie
ontwikkeling)
Battery Competence Center https://batterycompetencecenter.nl/
OOK Circo Tracks (zelfde als mark overman) https://www.circonl.nl/agendaoverzicht/tracks/
NA
11.1 BMW Group invests in innovative method for efficient and sustainable
lithium extraction
https://www.press.bmwgroup.com/global/article/detail/T0347452EN/bmwgroup-invests-in-innovative-method-for-efficient-and-sustainable-lithiumextraction
11.2 “Cobalt for Development” project started trainings for mining cooperatives
in Kolwezi, Democratic Republic of Congo
https://www.press.bmwgroup.com/global/article/detail/T0319770EN/%E2%8
0%9Ccobalt-for-development%E2%80%9D-project-started-trainings-formining-cooperatives-in-kolwezi-democratic-republic-of-congo
11.3 The BMW Group emphasizes its consistent focus on sustainability at the
2021 IAA Mobility: More stringent GHG targets go hand in hand with concrete
measures and concepts for implementation
https://www.press.bmwgroup.com/global/article/detail/T0342172EN/thebmw-group-emphasizes-its-consistent-focus-on-sustainability-at-the-2021-iaamobility:-more-stringent-GHG-targets-go-hand-in-hand-with-concrete-measuresand-concepts-for-implementation
11.4 Volkswagen Group Policy on Sustainable Raw Materials
https://www.audi.com/en/company/sustainability/downloads-andcontact/documents-and-policies.html
11.5 Renault: https://www.renaultgroup.com/en/news-on-air/news/thecircular-economy-of-the-electric-vehicle-battery/
Other car companies who claim to be circular. Make a distinction between goals
and what they are at?

