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To address the urging challenge of climate change, the concept of Carbon Capture and Storage (CCS)
plays a key role for keeping global warming below 2°C. Recently, the concept of Carbon Capture and
Utilisation (CCU) has been a focus of growing attention with the aim of enabling an industrial
utilisation of CO, as feedstock in the production of materials and fuels. Also in the pursuit of the
ambitious targets set by the COP21 Paris agreement, CCU technologies could be discussed as an
increasingly relevant means to meet mitigation targets. Often, CCU is commingled with the more
prominent CCS and evaluated from the same perspective of climate change mitigation potential.
Sometimes, the idea of utilising CO, as a resource is even used as an argument for investments in CCS.
Despite some technological similarities, however, CCU and CCS address significantly different issues
within the environmental policy debate. This paper analyses the commonalities and differences
between CCU and CCS and recommends how one should be distinguished from the other, particularly
in environmental policy fields and the public debate. Particularly, hopes that CCU could represent a
promising perspective for contributing to mitigation efforts should not be exaggerated and
considerations of CCU in climate politics need to account for the largely varying and technology
specific temporary storage times of CO, and its specific substitution potential. Consequently, we call
for accounting mechanisms and legislations for CCU that acknowledge the different storage durations
and efficiency gains of CCU technologies.
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1 Introduction

Carbon Capture and Storage (CCS) is widely discussed as an important means to reduce anthropogenic
CO, emissions, particularly from large point sources such as fossil-fired power plants (Haszeldine and
Scott, 2011; Scott et al., 2013; Scott et al., 2015). Recently, the concept of Carbon Capture and Utilisation
(CCU) — also referred to as Carbon Dioxide Utilisation (CDU) or CO, Recycling — has been attracting
greater attention with the aim of enabling an industrial utilisation of CO, as feedstock, for example, in
the production of materials and synthetic fuels (Klankermayer and Leitner, 2015; McConnell, 2012;
Mudller et al., 2015; Oettinger, 2011; Peters et al., 2011). In public and political discussions, however, the
two concepts are often commingled (McConnell, 2012; Oettinger, 2011; Smit et al., 2014).

Increasingly, CCU has also been receiving attention in the context of climate change mitigation and has
been discussed together and in comparison with CCS (lzrael et al., 2013; McNutt, 2015; Metz et al.,,
2005). In the pursuit of the ambitious targets defined in the COP21 Paris agreement, CCU could hence
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represent a potential building block for a larger climate change mitigation strategy. For example, CCU
could be explicitly included in the future design of the European emission trading system’s innovation
fund (NER.com, 2015). Poland for example even formulated hopes for CCU as a technological strategy to
meet their mitigation targets without facing the need to phase out the use of coal too rapidly
(Adamczewski, 2015; Jamieson, 1996). Moreover, the European Commission and the U.S. Department of
Energy are promoting CCU to support the development and deployment of CCS, arguing that CCU
improves the business case for CCS (McConnell, 2012; Oettinger, 2011).

As we will describe in this paper, such a commingling of CCU and CCS fuels misunderstandings or false
expectations that can be counterproductive for the further development of CCU. Given their differences
the two technologies should be treated significantly different in public debates and policy processes in
order to prevent the emergence of strategic agendas that do not meet the specific requirements of the
respective concepts.

In the following, we will first provide a brief overview on the well-established concept of CCS and a more
detailed overview on the comparably less familiar concept of CCU before exploring the differences and
commonalities of the two and potential issues due to their commingling. Based on this analysis we will
then elaborate on the implications for the further treatment and discussion of the two concepts in the
public debate and environmental policy.

2 CCS as a climate change mitigation option
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While CCS is an accepted mitigation option in the EU Emission’s Trading Scheme and the Clean
Development Mechanism, the low allowance price has so far not created a business case for CCS itself
(Haszeldine, 2009). Instead, the high costs (currently approximately USD 60—125 per ton of CO, avoided)
(de Coninck and Benson, 2014) that stem from the significantly reduced efficiency of the power plants

I”

have been a major obstacle to the deployment of CCS. Nevertheless, the “clean coal” promise remains a
tempting alternative for energy providers. This motivation behind CCS is often criticized for its potential
to prolong the industry’s business model instead of strengthening efforts to phase out of fossil fuels and
develop renewable energies (Stephens, 2014). Since the safety and permanence of geological storage of
CO, are still perceived to be uncertain, CCS has encountered public opposition in some countries
(Brunsting et al., 2011; de Coninck and Benson, 2014; Selma et al., 2014). Consequently, due to a
spectrum of reasons ranging from technical difficulties, lacking business cases and public opposition, CCS

demonstration plants across Europe have largely been cancelled or postponed.

3 CCU as a resource security option
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. . . g Juced
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while concerns about the
environmental footprint of Figure 2: CCU — Using CO, to substitute fossil carbon sources

In CCU, CO, is used as resource, e.g., for the production of chemicals
and materials, and can at least partially replace conventional fossil
resources. Through this substitution the resource base of the
sources of carbon as alternatives to oil, respective industry is enhanced and the demand for fossil resources
coal, and gas has grown. reduced. The storage of CO, in these products is only temporary and

the CO, is usually emitted to the atmosphere at the end of the
In principle, the utilisation of CO, is respective product’s lifetime.

consumption have been rising. In this
context, interest in unconventional

unattractive because of the CO,

molecule’s very low energy level. Recent catalysis research has, however, succeeded in demonstrating
chemical reactions in which CO, is an efficient partial replacement for crude oil in the production of
chemicals with a higher energetic value (Aresta, 2010; Mikkelsen et al., 2010; Peters et al., 2011; Styring
et al., 2011). In such processes, CO, emissions can be utilised to produce a variety of chemicals, i.e.,
materials and energy carriers, such as plastics and liquid or gaseous fuels (Fig. 2). In these applications
the utilised CO, is chemically altered and ends up in a new molecule. Meanwhile in other applications
the CO, can be used directly i.e. without a chemical transformation and with a positive environmental
impact replace various substances (Aresta and Dibenedetto, 2010; Madsen et al., 2014; Malvicino, 2011).
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The CO, required for these utilisation options can be obtained from different kinds of sources including
large emitting plants as well as smaller local industrial chimneys (von der Assen et al., 2016). For the
business case of CCU, the utilised CO, must be cheaper than the conventional fossil carbon source. Since
costs largely depend on the purity of the available CO, source and the efficiency of the chemical process,
economic viability is technology-dependent.

Most CCU technologies do not allow for long-term storage of CO,. After a certain time, the CO,
incorporated into the product will be emitted into the atmosphere. Depending on the products lifetime
the CO, thus can be stored from days or weeks (e.g. in liquid fuels) to years (e.g. in polymers) or even
decades to centuries (e.g. in cement) (Styring et al., 2011; von der Assen et al., 2013). Those CCU
technologies allowing a long-term storage of CO, can be justified to be considered as direct climate
change mitigation measure if the CO, storage is monitored just as demanded by CCS regulation.

Similarly, also the total amounts that could be utilised vary significantly between the different kinds of
CCU technologies. Even highly optimistic estimates currently assume that the total amount of CO, that
could be utilised for CCU will be rather small — approximately 180 Mt (~0.5%) for chemicals and 2 Gt
(~5.5%) for fuels — compared to total anthropogenic emissions of around 37 Gt of CO, in 2014 (Le Quéré
et al., 2014; VCl and DECHEMA, 2009). Especially in comparison to the IEA CCS targets of 7 Gt of CO,
stored annually by 2050, the CCU potential particularly for chemicals seems rather small (IEA, 2013).
Hence, the magnitude of the amount of CO, that must be captured to meet CO, emission reduction goals
is much greater than the potential of economic uses (Ericson et al., 2015). Moreover, the estimates for
the potentially used emissions must be differentiated from the actually reduced emissions since all
conversion technologies require energy. For each technology, the reduction potential thus needs to be
determined individually and can be smaller or larger than the amounts of CO, used depending on the
specific substitution potential and energy required. Consequently, CCU technologies per se do not permit
the primary strategic ambition to contribute significantly to mitigating climate change but rather need to
be considered as a component in a larger mitigation strategy.

So far, it has been demonstrated that CCU technologies can — but do not necessarily — have positive
effects on the environment (Cuéllar-Franca and Azapagic, 2015; Sternberg and Bardow, 2015; von der
Assen and Bardow, 2014). It needs to be noted, however, that these positive effects may manifest in
benefits that are not primarily related to climate, for example avoiding the environmental risks and side-
effects associated to exploitation and processing of fossil resources such as crude oil if CO, can be used
as substitute for their derivative products (von der Assen and Bardow, 2014). The potential
environmental benefits for the climate thus are more indirect effects since they will largely stem from
the amounts of fossil raw materials that are substituted or from a reduction in consumed process energy
(von der Assen et al., 2013). Thus, the environmental benefits correspond more to those of resource
efficiency measures. Lifecycle analysis (LCA) can be useful to determine whether a specific CCU
technology improves the overall environmental footprint of a given product (again not only the CO,
footprint). Recent LCA results demonstrate that CO,-based polyols for example exhibit a 13 to 16%
reduction in fossil resource consumption compared to conventionally produced polyols. With respect to
climate impacts, due to this substitution of fossil raw materials, the emission of up to three tons of CO,
can be prevented for every input ton of CO, in polyol production.(von der Assen and Bardow, 2014) This
illustrates how CCU can decrease the CO, footprints of conventional products by replacing fossil

Page 4 of 12



resources which have a large CO, footprint and hence combine economic and ecologic benefits. An LCA-
based framework for assessing the environmental impacts of CCU technologies is currently under
discussion (von der Assen et al., 2013).

The sustainability potential of CCU technologies thus can predominantly lie in enhancing resource
security and preventing fossil related environmental side effects rather than in contributing strongly to
climate change mitigation. Since the availability of energy from renewable sources is a prerequisite for
the production of CO,-based fuels in particular, CCU can also be pursued as a supplement to an energy
transformation where it does not foster dependency on fossil resources (Olah, 2005).

4 Discussion: CCU and CCS — some shared ideas but different targets
4.1 Clarifying differences and commonalities between CCU and CCS

The following aspects highlight the most important conceptual commonalities and differences of CCS and
CCU. To differentiate the specific potentials and societal contexts of the two concepts will help to
prevent further commingling, develop efficient policy instruments and foster public acceptance of the
desired technological state.

a) Motivation: CCS aims at climate change mitigation through less emission-intensive combustion
of fossil resources and is essentially developed by the power sector and — less prominently — by
the emission intensive industries such as aluminium or steel (EDIE, 2015; GCCSI, 2013a). CCU, by
contrast, aims to reduce fossil resource consumption by reusing emitted CO, as substitute for
conventional fossil carbon sources and is largely developed by the chemical industry.

b) Technologies: In both cases, CO, capture is the first technological step. In the second step, the
CO, is either utilised directly or via technologies such as catalytic conversion (CCU) or inserted in
geologic formations using storage technologies (CCS).

c) Borderline: There are two important technological options at the borderline of CCU and CCS
which can entail both long-term CO, storage and utilisation purposes. For Enhanced Qil Recovery
(EOR), captured CO, is pumped into geological formations to increase the amount of drilled oil.
Furthermore, mineralization is often assigned to both concepts. A distinction is possible on a
case by case basis when differentiating between the purposes of the minerals, which can be
either for permanent storage in a reservoir or an industrial use e.g., as cement in the
construction sector. For these borderline cases to count officially as CCS however, the respective
long potential time-scales of storage (i.e. product lifetime) need to be made explicit and
monitored consequently (Metz et al., 2005).

d) Evolution: Both concepts evolved in the context of the 1970s oil crises. At that time, CCS
technologies were first applied in EOR. It was only from the late 1980s onwards that they began
to be considered as a climate change mitigation option (Metz et al., 2005). Support for technical
research on CCU grew as the debate about CO, emissions and waste reduction gained
momentum (Aresta, 2010).

e) Sources of CO,: Effective CCS targets large quantities and thus requires captured CO, from large
point sources or ambient air. In the case of CCU, by contrast, the CO, demand is limited by the
production amounts of the respective chemicals and regionally distributed. Thus, CO, sources
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can be local industrial plants of various scales, which provide highly concentrated CO, at a
comparatively low price (IEA and UNIDO, 2011).

f) The fate of CO,: In the case of CCS, CO,is meant to be stored permanently, i.e., for more than a
thousand years (Metz et al., 2005). In the case of CCU, CO,is stored only temporarily and
emitted usually to the atmosphere at the end of the product’s life, which can range from days or
weeks (e.g. CO,-based fuels) to years (e.g. CO,-based polymers) or even decades or longer (e.g.
CO,-based cement). Due to this difference, it is not sufficient to assess CCU concepts with
respect to the amounts of CO, that can be utilised but rather it is essential to determine the
overall CO, reduction and storage duration.

g) Sustainability potential: CCS is thought to have a great potential to contribute to CO, mitigation
and is important in IPCC scenarios. The combination of Bio-Energy with CCS (BECCS) in particular
seems essential to achieving net negative emissions after 2050 (IPCC, 2014). Critics of CCS from
fossil power claim, however, that it might counteract the deployment of renewables and shift
the environmental costs of today’s emissions onto future generations (Greenpeace, 2008, 2011;
ZERO, 2015). By contrast, CCU has a limited and predominantly indirect abatement potential and
is not considered as relevant for mitigation scenarios. In the aftermath of the ambitious targets
set out by the COP21 Paris agreement, however, CCU could further be considered as one
building block in a portfolio of mitigation measures. Moreover, CCU could potentially support the
energy transformation by enabling energy storage through power-to-liquid or power-to-gas
approaches and contributing to a circular economy by converting waste emissions into a
resource.

h) Incentives: There are currently very few economic incentives for the deployment of CCS. In the
future, however, regulation such as emission performance standards could make CO, removal
mandatory. Yet in CCU, individual business cases are already providing incentives for different
actors today. A higher price for emission allowances could further strengthen the incentives for
both CCU and CCS.

i) Added Value: In the case of CCS, the added value is negative due to the costs of capture and
storage and the increased primary energy demand. In the case of CCU, added value can be
positive as a result of the cost savings from fossil raw material reduction. If the capture costs can
be minimized, CO, can be given a value and transformed from a liability into an asset.

4.2 Observed problems arising from a commingling of CCU and CCS

All over the world it can be observed that CCU and CCS are frequently commingled in various political
contexts (AIChE, 2016; ISIGE, 2016; UoS, 2016). The U.S. Department of Energy (DOE) for example lists
CCU as a subcategory of CCS and the research communities are connected in the joint network “CCUS”
(Carbon Capture Utilization and Storage) (AIChE, 2016; DOE, 20164, b). Also, major research reports
evaluate CCU as a subcategory of CCS (McNutt, 2015; Metz et al., 2005). Given that CCU and CCS both
avail of capture technologies, especially in the early development stages, a commingling of the two
concepts can be justified to a certain extent. However, as the technologies mature to greater readiness,
the different underlying ideas and the strategic goals they can serve gain relevance and their
commingling brings along several problems.
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One of the consequences of this commingling is, for example, that several experts and stakeholders tend
to assess CCU primarily with respect to its potential to contribute to climate change mitigation (Hendriks
et al., 2013; Markewitz et al., 2012; Oei et al., 2014). Often, a narrative is selected that presents CCU as
an alternative to CCS following the imperative that instead of storing CO, underground, it should be
targeted to close the carbon cycle with the help of CCU (Armstrong and Styring, 2015; Kilisek, 2015). As a
consequence of such a framing, it has been observed that many stakeholders in the political debate in
Germany are sceptical or even negative about CCU because of its limited potential to contribute to
climate change (Lasch, 2014). However, as argued a major share of the reasons to be interested in CCU is
not directly related to climate change (Bennett et al., 2014; von der Assen et al., 2013). In addition,
media reports often tend to pick the most optimistic expert estimates available when depicting CCU
which might incentivize scientists to exaggerate their findings (Frondhoff, 2015; Lim, 2015). A further
commingling of CCU and CCS therefore fosters the effect that CCU is predominantly considered with
respect to its mitigation potential while disregarding the other potential strategic environmental
contributions of CCU.

Another issue is that CCU is often communicated as a means to foster the deployment of CCS (Ericson et
al., 2015; Mikkelsen et al., 2010; Styring et al., 2011; Zero Emissions Plattform, 2013) and it is widely
argued that CCU can help to improve the business case of CCS application in the early stages of
development (Santos, 2015; Zero Emissions Plattform, 2013). This framing of CCU, however, can lead to
the perception that CCU and CCS share a joint strategic potential. Particularly those stakeholders critical
towards CCS consequently tend to transfer their critical attitude onto CCU due to this commingling, as
observed in a stakeholder dialogue series conducted by the authors (IASS, 2016; Naims et al., 2015).
Especially the deliberate communication of CCUS by the networks of the fossil power sector can trigger
the impression that CCU entails another strategy to prolong the use of fossil-fired power generation and
to prevent decarbonisation of the industry (Ericson et al., 2015; ICO2N, 2015; Zero Emissions Plattform,
2013). Consequently, CCU has for example been called a “fig-leaf” for CCS in the public opposition
context (Lasch, 2014). Overall, these dynamics resulting from a commingling of CCU and CCS are not
helpful for an impartial assessment of CCU and hence could prevent the necessary public and political
support for the further development and implementation of CCU.

4.3 Implications for environmental politics

The highlighted differences between CCS and CCU and the issues raised following their commingling
suggest that the two concepts should be treated more separately in the ongoing political debates and
address different protagonists and stakeholders in decision-making processes. To facilitate the
development of informed opinions and tailored policy instruments, the specifics of both concepts must
be acknowledged, especially in the following fields of environmental policy:

Climate protection: Unlike CCS, CCU should not be addressed primarily in the context of climate change
mitigation. Framing CCU as a mitigation option leaves out important aspects of the concept’s original
motivation and capacities. Accordingly, the potential of CCU to facilitate negative emissions should not
be exaggerated. In any case, the varying but largely limited storage lifetime of CO, and potential indirect
climate effects from raw material efficiencies need to be assessed on a case by case basis for specific
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CCU approaches. Hence, commingling CCS and CCU in the term CCUS avoids this clarification and
therefore fuels the depicted kind of misunderstandings. To avoid disappointment, CCU research should
particularly not be framed as support for CCS deployment, as exemplified in statements by selected
authorities worldwide (McConnell, 2012; Oettinger, 2011). Especially in the aftermath of the COP21 Paris
agreement, CCU technologies are likely to be considered further for contributing to the ambitious
emission reduction targets. Here, CCU can contribute through reducing process emissions and even
possibly through negative CO, emissions to an extent that is defined and limited by the accumulated
storage capacity resulting from the total amount of CO,-based products in the market. Clarifying this
total budget and developing mechanisms how to treat these in the post-Paris process will be essential
tasks for the future.

Energy transformation: CCS has been proposed as a way to reduce the climate impact of continued fossil
power generation at increased energy costs (IEA, 2013) Hence, it does not represent a step towards
shifting the energy system away from fossil resources. CCU technologies, by contrast, aim to replace
fossil resources and can thus support a transformation towards renewables and extend it to industries
outside the energy sector such as transport and materials (Klankermayer and Leitner, 2015).

Resource security: While CCS supports existing resource strategies, CCU technologies offer an additional
opportunity for resource management and recycling, as proposed by the vision of a circular economy
(Bringezu, 2014; World Economic Forum, 2014). Thus, CCU technologies should be integrated into
political resource security strategies and resource efficiency instruments.

Hence of these three fields, we consider resource security and energy transformation policies as most
relevant for a further development of CCU. Both are predominately developed at national level. As the
prospects of CCU depend on the specific resource base, technical expertise, and the industrial structure
of a region, we recommend further political facilitation of CCU at national or regional level. The national
post-Paris processes are expected be helpful in this regard.

5 Conclusion

In this paper, we have provided an analysis of the commonalities and differences between CO, utilisation
and CCS and elaborated on how these are often commingled in the public and political discourse.
Arguments have been presented as to why and how commingling CCU with the debate on CCS does not
do justice to the specific characteristics of the two concepts and could be counterproductive for the
further development particularly of CCU. Above all, we argue that a framing of CCU in the context of
climate change mitigation does not meet the most important potentials of many CCU technologies and
can even hinder the public and political support that is necessary for the further development. Rather we
recommend addressing CCU primarily in the context of resource security and energy transformation
both in the public and political debate.

Hopes that CCU could represent a promising perspective for contributing to national or international
mitigation efforts should not be exaggerated. Especially, any consideration of CCU in climate politics
needs to account for the largely varying substitution effects and lifetimes of CCU-based products which
imply an only temporary storage of CO,. Consequently, also legislations for CCU need to be tailored to
acknowledge the different storage durations of different CCU technologies and their efficiency
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potentials. Developing mechanisms that allow for a transparent accounting of the mitigation potential of
CCU for example on the basis of technology-specific LCA basis therefore seems a crucial task for the
future.
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