MANUFACTURING OUR
FUTURE: INDUSTRIES,
EUROPEAN REGIONS
AND CLIMATE ACTION

CO2 Networks for the Ruhr, Rotterdam,
Antwerp & the greater Oslo Fjord

EXECUTIVE SUMMARY
Industrial CO2 Capture, Use & Storage, iCCUS:
Europe’s energy-intensive industries make up ¼ of
EU emissions. For many, e.g. cement and steel, CCS is
the core available technology option that allows deep
decarbonisation
Past EU approaches to CCS has been strongly linked
to energy policies, despite many of the most obvious
(and lower cost) candidates for CCS being in non-power
industries
EU industrial policies and targets (20 % increase in
industrial output by 2020) appear to have been shaped
paying little regard to EU climate policies, notably the
EU Emission Trading System (ETS)
As it targets production not consumption of CO2
intensive products, the ETS is unable to provide the
required framework conditions for enabling deep
decarbonisation of energy-intensive industries
This has been handled by providing free emission
allowances based on historical emissions. Drastically
increasing emission costs for these globally competing
industries would lead to closures, moving production,
related emissions and employment out of Europe. This
might make EU emissions statistics look better, but it will
not help halt global warming.
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Worse, related job losses are likely to undermine
Europe’s political support for climate ambition.
Industrial CO2 capture technology is ready to be
deployed at scale. Yet even for industries such as
ammonia production which has low (<€10/tonne) CO2
capture cost, this is not taking place because industry
lacks access to transport large volumes of CO2
No single cement or steel company is likely to develop
geological storage sites and build CO2 networks for
which they have no expertise, let alone a business case
Jobs or Climate Action - the Emerging Risk of a False
Choice, Producing Only Losers:
Lacking access to CO2 infrastructure, industries find
themselves in a poker game in which they are not served
by a solution-oriented approach to climate action. Public
ambition on lowering mitigation costs could weaken
their hand when requesting continued free emission
allowances. In fact, industry currently have an incentive
to exaggerate decarbonisation costs and other challenges
In an April 2016 example from the Ruhr, one of the
regions of which relevant industrial emissions have been
mapped in this report, the steel industry has successfully
influenced the German federal government to block any
EU action to reduce its free ETS emission allowances

With more than 35 million tonnes of CO2 annually, the
lack of CO2 offtake infrastructure for Ruhr’s industry
thus threatens to undermine not only North RhineWestphalia’s climate targets, but those of Germany and
the entire EU

As the main benefactors, it is imperative that Europe’s
strategic industrial regions exert pressure not only
on their national governments, but also demand
involvement in shaping of the EU funding mechanisms
from which they might benefit.

A constructive dialogue outside of the ETS debate is
urgently needed to avoid entrenched positions, in which
EU climate policy is rendered incompatible with retaining
employment – presenting EU and Member States’ policy
makers with a societally disastrous false choice

The case must be made to link EU climate and industrial
targets and ensure a just transition

RECOMMENDATIONS
Developing EU CO2 Market Makers for Strategic Industrial
Hubs & Clusters:
We propose using state-owned and/or -funded CO2
Market Makers (regional CO2 transport and storage
infrastructure development organisations) to break
the current inertia, providing guarantees in each part
of the iCCUS value chain (CO2 storage, CO2 transport
and CO2 capture); making CO2 storage and transport
infrastructure investible in the EU, thus providing
industry emissions a ‘way out’
iCCUS infrastructure should be built on a CO2 hubs and
clusters basis, allowing infrastructure and storage
sharing that would benefit a range of industries at
lowest societal cost
CO2 capture and utilisation (CCU), albeit no largescale climate solution, would also benefit from this
infrastructure and help improve the capture business
case for industry
A key opportunity was created by an Oct. 2016
announcement by Norway that it will progress three
industrial CO2 capture projects with one common
transport and storage solution – a west coast ship
terminal for CO2 delivery and a large pipeline to offshore
storage
This solution is as an example of a CO2 hub, which would
serve an initial Oslo Fjord industrial cluster, but which
could be expanded to serve by ship emission sources far
outside Norway
Funding EU CO2 Market Makers – Creating an EU
Industrial CO2 Transport & Storage Business:
EU funding schemes eligible for CCS projects and that
could possibly be accessed to capitalise/fund CO2
Market Makers exist, yet they are highly fragmented.
The European Commission’s CCS mandate from the EU
2030 framework for Climate and Energy is limited to the
ETS Innovation and Modernisation Funds – pressure is
needed from stakeholders

From the EU funding schemes identified, the European
Regional Development Fund (ERDF) comprises €376
billion until 2020, making it the 2nd largest funding line
in the EU Multi-annual Financial Framework (MFF). Its
modalities are not adapted to CCS infrastructure. A
strong concerted case being made by key EU industrial
regions might change this
In this context, it is encouraging that the unions (ETUC)
now are part to this conversation. The message is clear:
industrial products will be needed also in the future.
Shifting from production to import to meet climate
targets, with closures and job losses, will not do
Involving the unions to build bottom-up cases at
regional level, and exert pressure on national and EU
authorities to fund CO2 Market Makers could prove an
effective strategy
Creating Demand for CO2 Capture:
Even with storage capacity and transport infrastructure
in place, as long as industrial emitters cannot pass
on costs to consumers and remain competitive,
governments would need to provide funds for covering
much of the cost of CO2 capture
Market Makers could purchase CO2 for storage from
emitters at a price that largely covers added production
costs induced by CO2 capture, e.g. through tendering to
avoid windfalls
Market Makers should however not be set up to retain
such a function permanently. While the widening uptake
of industrial clusters for sharing one (or more) CO2 hub(s)
should rapidly drive down costs, it would require some
time before many global trade exposed industries could
be expected to cover the full costs of iCCUS, unless a
global CO2 price were agreed
An ETS Emission Unit Allowance (EUA) auctioning
income recycling into a fund for this purpose could
provide one option. Another could be an obligation on
fossil fuel suppliers to pay for transport and storage of a
growing percentage of the emissions from their fuels.
Finally, there is a strong case for parallel efforts on the
market pull side. Public procurement could be used as
an instrument to create demand for low-carbon steel,
cement, chemicals etc. Once the market supply is in
place and with dropping costs for low-carbon products,
private buyers are likely to quickly follow suit
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1 : European Industrial
Decarbonisation
Industrial regions need to invest in CO2
infrastructure to retain employment and
production in a decarbonised Europe
2015 was the hottest year since records began, at 0.76°
Celsius above the 1961-1990 average. In the same year,
governments from around the globe concluded an ambition to halt global warming at 1.5° and a maximum 2°
Celsius.
Industrial Carbon Capture, Use and Storage (iCCUS) will
be an important pillar in deeply decarbonising European
industrial products. Sectors such as Steel, Cement, Refining, Fertiliser production, Waste to Energy and Chemicals all require CO2 transport, CO2 utilisation and storage
networks to radically improve climate performance.

1.1 Climate ambition vs employment?
Current EU and national policies have so far not given
the needed signals for European industry to invest in
CCUS projects. A societally and climactically disastrous
choice is emerging; to decarbonise or to retain industrial
production and employment: This is a false choice. A
change in approach is required to enable the decarbonisation of strategic European industries.
1.1.1 If deep decarbonisation tools are not made
available, growing conflict of industrial and climate
goals are inevitable
European industrial policy and European climate policy
cannot continue to be developed in parallel. CO2 transport networks are a part of the enabling infrastructure
that allows both policy agendas to be successful. Failure
by industrial regions to provide the means of industrial
decarbonisation will extend and exacerbate conflicts
between European industrial and climate agendas. The
result being a lose-lose for all parties, with decreased
policy certainty, decreased commercial certainty, decreased reinvestment in existing facilities resulting in job
losses. This pathway can undermine political support for
decarbonisation and ultimately decrease decarbonisation.

Many of the technologies that have the long term
required impacts on limiting industrial CO2 cannot be
simply taken of a shelf and applied. Regionally specific
ground work making technology deployable is required.
A required technology to make European large and CO2
intensive industries compatible with COP21 are CO2
transport networks. CO2 networks can link industrial
regions (like the Ruhr) to CO2 users and to CO2 storage
sites (such as the North Sea). These networks will not
spontaneously appear; planning, investment, regional
and interstate cooperation will be needed. Industries
and industrial regions must work together to begin the
phase in of CO2 networks. If the groundwork is not laid,
then pathways to decarbonise core European industries will be increasingly costly and less achievable. In
the absence of tools to reduce CO2 emission, industrial
sectors, employment unions and industrial regions will
be in ever greater conflict with the European mainstream
on climate goals. Industrial regions that begin developing
CO2 networks will provide long term assurance to CO2
producing industries that they can and will be compatible with a low carbon Europe. Increased certainty on this
issue will lead to an improved long term business and
investment climate for traditional industries and lower
the impacts of decarbonisation.
Bellona Europa has warned for years about the need to
reconcile EU climate and industrial policies1 but unfortunately, little has been done so far in the EU to mitigate this growing risk. In the context of the ongoing EU
ETS (Emissions Trading System) reform and the debate
about continued free EUA (Emission Unit Allowance)
allocations for industries exposed to global competition,
German Economy and Energy minister Sigmar Gabriel
made it clear2 he would block any moves to reduce the
allocations to the German steel industry. In practice,
this amounts to a commitment to avoid an incentive to
reduce the steel industry’s emissions. There can be little
doubt that this derives from the assumption that the
German steel industry can’t easily or cheaply reduce CO2
emissions much beyond current levels. The minister’s
statement is a clear sign of how democratically difficult
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climate ambition will prove if the perception is that it will
reduce Europes industrial base and thousands of welfare
supporting jobs. As there is currently little public political debate about provision of CO2 infrastructure and
storage for strategic industries in Germany, the industry
is only doing what one might expect: lobbying for continued free allowances to emit.
In this context, the recently (October 2016) published
report by the European Trade Union Confederation
(ETUC), which highlights this emerging conflict and calls
for a ‘just transition’ toward a decarbonised economy, is
exceptionally helpful and encouraging, learn more here3.
Not least because one of the seven strategic EU industrial regions that have been studied is North Rhine Westphalia (NRW), in which the Ruhr industrial area, covered
in this report, is situated.
The ETUC report notes in its conclusion the need for
investments in CCUS as a technology that could enable
a just transition, and this should serve as a strong signal
for the NRW and German federal governments to take
action.

1.2 iCCUS is a network – decarbonisation is
enabled through a CO2 network
iCCUS technologies do not require novel scientific
breakthroughs, many of the individual components
and processes have been in use for many decades.
The primary method to reduce cost of iCCUS is through
planned deployment of shared CO2 collection and CO2
storage networks. CO2 collection networks serving industrial regions and many industrial sites enable shared
infrastructure, shared costs, shared risks and pooled resources. Wider CO2 networks enable more participation,
more decarbonisation and more competitive low carbon
products.
Industrial sites that have access to CO2 networks linking
to CO2 users and permanent CO2 storage have significantly reduced project complexity and commercial risks.
This lowers the cost of deploying CO2 capture and deeply
decarbonising industrial sites and in turn means more
decarbonisation at a lower CO2 price.
1.2.1 Capture technology advancement requires CO2
networks
Cost reduction in CO2 capture is also possible, the drivers
of cost and performance improvements of these technologies will be deployment at scale. Increased use creates
learning by doing and a competitive supply industry. Cost
reductions and the deployment of novel technologies
will not materialise if no real world market exists. Larger CO2 collection networks can increase participation of
industrial CO2 sources, aiding innovation and cost reduction of CO2 capture at diverse industrial processes.
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1.2.2 CO2 networks benefit both CO2 utilisation and
storage development
The use of CO2 to create useful products can provide
further value to CO2 capture beyond the climate benefit.
Sectors such as plastic manufacture that can use CO2 as
an input benefit from CO2 transport networks to deliver
CO2. Some CO2 usage application such as greenhouse
cultivation has season requirements for CO2, requiring a
network to deliver CO2 only in summer months.
1.2.3 Provision and expansion of CO2 storage requires
CO2 networks
Greater participation lowers commercial risks for CO2
storage development, in turn reducing costs. Greater
diversity of CO2 capture feeding into a common network
reduces counterparty risk for CO2 storage developers. A
larger and mature market can sustain greater CO2 interruptions to CO2 storage sites. Development of additional
CO2 storage sites benefit from known commercial and
contractual obligations. CO2 capture facilities benefit
from a plurality and competition of CO2 storage sites.

CO2 networks and shared
infrastructure are the route
for cost savings and greater
decarbonisation. Development of
networks takes time – real efforts
must begin now to retain industrial
production in a decarbonised
Europe
CO2 transport and storage networks
are a societal good, reducing the
cost of industrial decarbonisation,
increasing the scale of industrial
decarbonisation, preserving and
growing low carbon industrial
activity and jobs

1.3 ETS not fit to enable effective deployment
of CO2 collection and storage networks
The presence of CO2 collection and storage network enable lower industrial cost decarbonisation. The absence
of any enabling infrastructure will require a much higher
ETS price signal to drive capture, transport and storage
development.
Relying on increased EUA (Emissions Unit Allowance)
price will not only delay deployment but greatly reduce
the efficiency of deployment. As the ETS obligation rests
solely on the emitter, the emitter would have to create a
CO2 transport and storage solution. This would not provide any incentive for excess transport for storage capacity precluding economies of scale and pooled resources
of shared infrastructure.
The commercial risk and project complexity of single
transport and storage solutions are high. A single CO2
supplier, single transport solution and single CO2 store
create costly commercial co-dependencies. Each participant must price-in the risk of non-delivery or interruption of other participants resulting in a further increase
of cost.
The industrial sectors in question have no experience in
the deployment and operation of CO2 storage site or CO2
transport infrastructure. The ETS provides a poor signal
to potential CO2 transport and storage service providers
to make large investment ahead of market demand.
The long commercial time horizon of such large projects
is not mirrored with the commercial planning of most
industrial facilities. Only at very high CO2 prices and if the
industry remain would a single industrial facility develop
an own use CO2 network to decarbonise. Without shared
infrastructure many industrial sites distant from CO2
storage capacity may be precluded decarbonising at any
ETS price.
Other considerations of a solely ETS industrial decarbonisation strategy include the effect of elevated CO2 prices
on global industrial competitiveness. By the time the ETS
has reached a sufficient level to warrant an industrial site
to develop an own CO2 network that industrial activity
may be uncompetitive and production ceased.
Closure of European production sites and resulting job
losses may not lower global CO2 emissions as consumption from CO2 intensive overseas production would
substitute.

Megatonnes of CO2 resulting from bilateral trade from

Jakob, 2013, Nature Climate Change 3, Interpreting trade-related CO2 emission
transfers

Larger and long range investment in CO2 transport and
storage require high levels of trust in ETS. Trust in future
ETS price developments is low due to past over-allocation, uncertainty surrounding free allocation and potential for political interference. The increased cost and
complexity of decarbonisation in the absence of CO2
networks could of itself increase the likelihood of political action to limit ETS impacts on industry.
The ETS in its current form, in which industries must argue for continued free allocations, may actually provide
a disincentive for industrial emitters to openly discuss
effective large-scale emissions abatement and opportunities to substantially reduce its costs. This situation
could be compared to a poker game: if you are playing
for keeping as many free allocations as possible with
the expectation of increasing EUA prices in mind, you
do not want to speak too openly about your expectations for reduced CO2 capture costs, as that would
weaken your hand. Instead, you have an incentive to
place emphasis on highest-end cost estimates and other
challenges.
Bellona’s expectation, largely confirmed in a recent
(June 2016) workshop attended by high-level representatives from EU steel and cement companies, is that a
dialogue on government-led provision of CO2 transport
and storage networks would enable a much more constructive, solution-oriented approach to climate ambition from EU industry.
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1.4 Regional development organisation
(Market Makers) are the route to planned deep
decarbonisation CO2 networks
The ETS cannot provide the correct market conditions to
efficiently deploy in a timely manner CO2 networks and
CO2 storage. The result will be no available cost effective
decarbonisation pathway for many industrial sectors, and
resulting conflict with decarbonisation goals.
National or regional governments need to establish
the statutes of Market Makers to plan and execute the
delivery of CO2 network development. A regional CO2
Market Maker aids the execution of planned CO2 storage, CO2 transport and initial CO2 capture into the early
network. The Market Maker is a regional development
organisation that sits between industrial CO2 sources and
CO2 users and stores, planning and investing in infrastructure, coordinating development, taking responsibility
and risk in CO2. In essence they are a delivery framework
to create a basis for allocation of CO2 transport and CO2
storage market risks and liabilities between the public
and private sectors by deploying CO2 network capacity in
line with national and regional strategic industrial decarbonisation plans.
Industrial regions are required to be the most active
party in driving the development of CO2 networks and
incorporating CO2 Market Makers to deliver this. These
regions are the most advantaged by realisable low cost
industrial decarbonisation pathways. The major European industrial regions and the industrial sectors they
host must act now to ensure the EU and its Member
States develop and fund CO2 Market Maker concepts
that fit national and regional regulations and policy
goals.
The purpose of this report is hence in part to continue
the recent Market Maker concept development done
within Zero Emissions Platform (ZEP) and beyond, by furthering the understanding, not least on regional level, of
how Market Makers could best be designed and funded
with a view to rapidly expand industrial CCS uptake in
some of Europe’s most important industry regions.

CO2 Market Makers can reuse
retiring fossil infrastructure such
as gas pipelines to accelerate deep
decarbonisation of industry

CO2 Market Makers reduce costs and risks of industrial
deep decarbonisation
Market Makers are required for efficient and timely
industrial decarbonisation as they address many of the
structural market failures that retard CO2 storage, CO2
transport and CO2 capture development.
•

Market makers address the coordination barrier in developing CO2 storage and CO2 capture.
Through providing a form of central planning
Market Makers give certainty to a CO2 storage
developer that CO2 will be captured, and certainty to an industrial CO2 capture.

•

Market Makers reduce investment and performance risk by having a mandate to and develop
a CO2 capture, use, transport and storage market.

•

Market Makers provide a degree of policy
certainty to emitters of decarbonisation requirements and timelines.

•

Market Makers can provide foresight in planning
and deployment of CO2 transport infrastructure.
Building in extra transport capacity or avoiding
bottlenecks, allowing the network to expand
in line with regional industrial decarbonisation
plans. A shared transport solution offers significant decarbonisation cost saving.

•

Market makers can be used to reduce some
aspects of commercial risks of CO2 storage by
limiting liabilities for CO2 storage providers.

•

Market Makers can act if required to preserve
useful retiring infrastructure, such as natural
gas pipelines scheduled for decommissioning
that are suitable for CO2 transport. Reuse of
infrastructure can reduce costs and accelerate
network capacity expansion.

Failure to aid the planned
development of CO2 infrastructure
will lead to lower and later
industrial decarbonisation at a
higher societal cost
4

2 : Create CO2 Networks

CO2 storage and transport are the enablers of deep
decarbonisation for industry
Coordination is required to deliver CO2 networks
A stepwise roll-out of deep decarbonisation infrastructure in the form of CO2 transport and CO2 storage infrastructure may enable all parties to engage constructively
in creating a deeply decarbonised industrial base for
Europe. The presence of infrastructure to take CO2 away
from sources and allows commercial disentanglement
along the CO2 capture, transport and storage value chain
will significantly reduce the commercial and organisational obstacles for CO2 capture at industrial sites.
CO2 Market Makers to enable deep decarbonisation of
industry have come to prominence due to slow progress in deploying CO2 capture, transport and storage in
Europe. The concept of planned and strategic development of CO2 infrastructure is not new. In 2005, the
Bellona Foundation proposed elements of a CO2 Market
Maker to increase CO2 use on the North Sea. Learn more
here4. In its November 2014 report5 on Business Models
for Commercial CO2 Transport and Storage, the Zero
Emissions Platform (ZEP, the EU Technology Platform for
CCS, in which Bellona plays a leading role) picked up that
concept of CO2 Market Makers to progress CO2 storage
deployment in line with European decarbonisation pathways.
Meanwhile in Norway, the government organised a public consultation on the way forward for CCS following the
cancellation of the Mongstad project. Bellona in March
2015 submitted a set of recommendations6 building
further on the 2005 report and the work done with the
2014 ZEP Working Group.
In May 2015, in a meeting with European Commission
Vice President Maroš Šefčovič, ZEP and Bellona presented this as a recommended way forward for the EU, resulting in the Vice President’s request for an ‘Executable
Plan’ for enabling CCS in Europe. Bellona led the work
with this plan, which was presented to the Commission
in the summer of 2015. Learn more here7. A follow-up
was requested from the Commission that would identify some key strategic industrial regions8 for which a
CO2 hubs-and-clusters approach would be particularly
relevant.

There are now encouraging signs that the Market Maker and CO2 hubs and clusters concepts are being picked
up by CCS policy makers in various parts of Europe. The
2016 Lord Oxburgh UK Parliamentary report commissioned by the UK Secretary of State for Business, Energy
and Industrial Strategy regards the use of state led CO2
Market Maker as essential to enable the lowest cost
decarbonisation for the UK. Learn more here9
Even more encouraging is the recent news that the
Norwegian government has approved funding of the
FEED studies for three large-scale industrial CO2 capture
projects10 (for cement, ammonia and waste incineration
respectively) along with a shared transport and storage
solution for the three. The preferred solution would be
a ship terminal on the Norwegian west coast, connected with a pipeline to take CO2 to offshore storage. This
would open for receiving CO2 from any emission source
with access to shipping facilities, a solution which could
benefit initial CO2 Market Makers across Europe and as
such closely follows the abovementioned 2015 Bellona
CO2 economy recommendations.

CO2 transport and storage benefit
greatly from economies of scale
– costs can be reduced quickly
through scaling up and sharing of
infrastructure between projects
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2.1 CO2 Market Maker(s) to mend the EU
CO2 market failure and enable industrial
decarbonisation
CO2 transport and storage infrastructure as with many
large common infrastructure systems exhibits different
timelines for development of each of its constituent
parts, different locations that must be optimised for future growth and access. Distinct business cases for each
of the networks constituent parts, be they CO2 storage,
transport or capture must enable timely investment in
the creation of the network and encourage its expansion
in line with the COP21 Paris Agreement.
The absence of any form of central planning will greatly increase the commercial risk for all segments of the
value chain, increasing cost and substantially delaying
if not forestalling development. The commercial investment case to develop adequate offshore CO2 storage in a
timely manner for industrial use is of particular concern,
as the alternative would be to cut climate ambition or
industrial production.
A form of central planning to align the many different
segments, timelines, investment requirements will be
required to significantly advance the provision of CO2
take off at industrial emissions clusters. Coordinated
planning, at least of initial CO2 infrastructure, will provide
the greatest utility to a broad set of industrial users at
the lowest societal cost. This would significantly reduce
the upfront cost of decarbonisation in the areas served
thus enabling the greatest decarbonisation of existing
sources and attracting new low-carbon business.
As originally described in Bellona’s CO2 Economy Plan
for Norway and subsequently in the ZEP Executable
Plan for CCS in the EU, a CO2 ‘market maker’ is a broad
concept. In essence it encompasses a state, semi-state or
state-capitalised private entity that organises the provision of CO2 storage and transport network to a selected
or tendered CO2 emitter. The primary aim is to remove
counter-party risk along the value chain increasing the
efficiency of deployment and lowering system cost.

Deploying infrastructure of the
right size to enable the widest array
of deep industrial decarbonisation
into the future
6

2.1.1 Role of a CO2 Market Maker
The market maker should attempt to make accessible
CO2 storage in line with expected/desired future CO2
capture needs with timely storage and infrastructure
development. Market makers could develop into regional storage providers contributing to a pan-European
enabling infrastructure.
Market makers have a role in coordination and timing of
investments decisions for CO2 storage, CO2 transport and
CO2 capture at industrial facility. This is a critical function
as different elements of the iCCUS chain have different
development timelines. An example being CO2 storage
development, effort to characterise and develop must
begin 5-10 years prior to CO2 capture.
Market Makers decouple the development of CO2 transport and CO2 storage from the development of capture
projects. CO2 Marker Makers can contract CO2 storage
development under commercial conditions or directly
develop own CO2 storage solution. Depending on the
location the regional market maker is serving, CO2 storage can be developed in a 2nd country. Similarly, they can
contract construction of CO2 transport solution (barges, ship, pipeline) or directly develop and operate CO2
transport solutions. Market makers can enable initial CO2
into a network CO2 though purchase from emitters near
the hub infrastructure, covering a mix of CO2 sources to
encourage adoption, innovation and cost-reduction.

CO2 storage and transport both
take time to be deployed – no
flic of the switch; inaction now
to begin development cannot be
undone in the future – absence of
CO2 transport networks will retard
deep decarbonisation and render
2050 decarbonisation targets
unattainable

Storage operators need a
guarantee of income before
they can invest in exploration,
appraisal and feasibility work

Transport operators need to
have confidence in income in
order to perform feasibility
and routing studies, including
public engagement

Capture operators need to
have a guaranteed CO2 storage
solution, at a known price,
before they can gain finance

Counterparty risk flows from each segment of the value chain to the other,
making timely investment risky and more costly if they do occur
Solution: Remove counterparty risk with regional coordination bodies to
deliver each segment of the CCUS value chain in a timely and strategic manner
The Market Maker is a regional iCCUS coordination body
a)
Manages the development of primary infrastructure on behalf of the state (trunk
pipelines, shipping terminals + back-up storage site)
b)
Has a duty to take all contracted captured CO2 and ensure corresponding storage 		
is available.
The Market Maker is ideal for developing required storage volumes during the precommercial phase.
Network effect: Larger CO2 networks provided better societal value, lower risk and
greater participation for CO2 emitters and CO2 stores. Commercial risk is reduced though
greater participation, market size and commercial maturity.
The Market Maker will require a mandate and capitalisation to place the foundations for
a mature CO2 network at an industrial emissions cluster.
The Market Maker will:
a)
Tender for the development of CO2 storage
b)
Tender for the development of strategic CO2 transport infrastructure
c)
Tender for the initial supply of CO2 to the CO2 network. Using this CO2 to develop 		
CO2 stores
d)
Build out the CO2 storage and transport network to CO2 sources in a planned step		
wise way
Lower societal cost of decarbonisation and increased decarbonisation
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2.1.2 Diverse structures for Market Markers exist
Through a CO2 Marker Maker industrial regions can
deploy deep decarbonisation enabling infrastructure in
line with regional plans. Market Makers are a regional
societal service, allowing continued employment, industrial production and decarbonisation at the lowest cost.
Market Makers can be deployed and managed in range
of different ways, depending on national and regional
decarbonisation goals, regional circumstances, existing
regulatory frameworks and institutions. At the national
and regional level, governments have a spectrum of business models for developing and operating a CO2 Market
Maker, ranging from a 100% state owned entity through
a number of public-private partnership structures, including a regulated private entity with appropriate risk
sharing and liability underwriting. A CO2 Market Maker
could begin as a state body, evolving into a regulated
commercial organisation as the iCCUS market become
suitably mature.
Implementation of Market Making functions can be done
through the use of existing public sector institutions or
creation of new national or sub-national level Markets
Makers or regional development organisation. Governments can leverage existing public sector institutions,
including existing market regulators, investment authorities involved in public private partnership projects, oil
and gas regulators for operational regulation and infrastructure planning and existing pipeline system operators. As industrial regions will be the primary benefactors
of lower cost decarbonisation pathway, these regions
should have a stake in the planning and operation of
Market Makers. CO2 market makers can act as natural
monopolies, which requires regulation and local oversight.
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2.1.3 European analogies of CO2 Market Makers are
common
Such experience is not new to Europe. The development
of Norwegian gas transport and export (Gassco) has
many analogies. The Netherlands in the 1960s created
a transport and distribution business case for the Groningen gas and thus a consumption market, by building
pipelines and owning equity in the gas fields. The initiation and growth of shared district heating systems, the
electricity distribution grid, sewage networks and new
rail networks have relied heavily on long term societal
case and planning to be completed.

Current offshore wind developed in the Netherlands is
supported by the state through a market maker style
mechanism. The approach is presented in the Offshore
Wind Energy Law (Wet Windenergie op Zee). The Netherlands developed a National Water Plan, designating
wind farm zones. Only on sites within these zones can
wind farms be constructed. In these wind farm zones,
the government decides on what sites wind farms can be
constructed. The government also specifies the location
for the wind farm and the conditions under which it may
be constructed and operated. The government provides
information on the physical environment of the wind
farm site and the national electricity Transmission System
Operator (TenneT) will construct five standardised grid
connections to the preselected wind sites. This approach
was chosen as the lowest cost route to expansion of offshore wind generation to 4,500 MW. Learn more here11
Rapid advancement of three Norwegian industrial
decarbonisation projects currently entering FEED was
enabled by the Norwegian government taking responsibility for the development of shared CO2 transport
and CO2 storage. This simplifies the commercial and
organisational complexities for each of the prospective
capture projects. Learn more here12

2.2 Funding of the Market Maker
A regional market maker requires capitalisation to pursue
a CO2 network and storage development plan. Expenditure on engineering studies, development of CO2 storage
and deployment of transport solutions will be required.
Chapter 4 includes more information on potential funding schemes to enable regional CO2 Market Makers.
Capitalisation of a CO2 Market Maker can be achieved
through direct national or regional support, supplemented with European funding, industrial participation and
targeted use of ETS revenues. Industrial regions should
begin dialogues with national government and local
industries on pooling of obligations within sectors or
regions, and the potential for reuse of ETS revenues for
CO2 infrastructure. Another could be an obligation on
fossil fuel suppliers to pay for transport and storage of a
growing percentage of the emissions from their fuels.
The EU Innovation Fund from ~2020 is the most evident
route for laying the first enabling CO2 infrastructure.
Regional CO2 infrastructure development plans need
to propose and support first mover projects that fit the
scale of expected Innovation Fund funding. Regions and
national governments should work with the European
Commission and Parliament to make the modalities of
the Innovation Fund compatible with CO2 infrastructure
led deployment. To be eligible for Innovation Funding
industrial regions must act quickly to develop regional
plans and priorities.

Industrial sectors and industrial regions that will benefit
from the presence and expansion of CO2 networks could
be persuaded to establish pooled funds aiding the capitalisation of a market maker. Contributions from national
treasuries and/or European Union could be used to bring
all actors together.
Projects of Common Interest (PCIs) can potentially be
sought to develop CO2 transport infrastructure. However,
the CEF is not structured to incentivise pre-feasibility and
feasibility studies. CO2 transport and storage strategic
delivery plans and oversight of a regional CO2 Market
Maker will be required to successful access PCI funding.
The 2016 Ecofys study “Carbon cost for the steel sector
in Europe post-202013” estimates that European steel
industry as a whole may face net ETS (carbon permits)
cost of €27.1 Billion from 2021 to 2030. Recycling of a
proportion of this to capitalise a Market Maker would
enable planned development of CO2 networks.
2.2.1 Transitional Incentives for Industrial CO2 Capture
Decarbonisation pathways with planned CO2 transport
and storage infrastructure will reduce cost of participation in industrial decarbonisation. This in turn reduces
the requirement and scale of any CO2 capture support
mechanism for industry.
As the goals of the incentives will evolve with deployment and time, different incentives will be required to be
applied at different stage of industrial decarbonisation in
parallel to the ETS.
1. The goal of initial phase incentives is to lay the
foundations of CO2 offtake networks and CO2
storage development. These will be limited, regional specific and applied to a single or a group
of emitters. These emitters will be the first CO2
suppliers to the CO2 network.
2. Incentives during the medium phase should
expand CO2 offtake networks in a planned and
rational way. This will be done by adding industrial CO2 sources, expanding the decarbonisation
network to new areas and developing more
storage sites.
3. Late phase decarbonisation of industrial sources
will see an acceleration of CO2 capture use and
increased utilisation and expansion of CO2 transport and storage networks. The ETS could be a
primary driver once supplemented by policies
safeguarding competitiveness of low carbon
products in Europe. Network deployment and
expansion in the early and mid-phase will lower
ETS price required to stimulate industrial decarbonisation and accelerate decarbonisation.
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2.2.2 CO2 capture costs vary greatly between industries
The value of first CO2 capture projects is in demonstrating the technology to the public, providing infrastructure
that later CO2 capture projects can access and in the
characterisation and development of accessible CO2 storage sites. Industrial regions that create and capitalise CO2
Market Makers should seek out lowest cost CO2 where
available in order to focus early funds and development
efforts on a strategic CO2 network and CO2 storage development. CO2 that can be captured at low cost is found
at industrial processes that emit high purity CO2, these
include some hydrogen production, bio-ethanol refining
and ammonia fertiliser manufacture.
Market makers will be enabled to purchase CO2 for transport and storage from industrial facilities. The payment
for CO2 can be calculated case by case added-cost basis
accounting for additional production cost due to CO2
capture and adjusted for the EUA price. This mechanism
allows the market maker access to CO2 while supplementing the ETS by providing a demand pull for captured
CO2, rewarding early movers and allowing timely physical
appraisal of large-scale geological storage.
2.2.3 Mature CO2 capture incentives require CO2
transport and storage network
Due to the diverse mix of products provided by many industries requiring CO2 capture to decarbonise a complex
array of CO2 capture incentives is potentially available.
Design of these will be greatly simplified if the focus is on
CO2 capture, with CO2 transport and storage provided by
other mechanisms such as the market maker.
Policies that supplement the ETS can accelerate deployment of CO2 capture. Demand pull policies that create a
secure market for low-carbon products include, setting
decarbonisation targets, low carbon product standards
or public procurement.
Industrial actors in a region could also be encouraged
to cooperate to aid the development and growth of CO2
transport networks. One approach, if the appetite can
be fostered, would be to replicate the advantages of
the Danish energy efficiency scheme that saw industrial
users pooling resources to a common fund, Learn more
here14. A similar concept may allow to a lesser or greater extent for the rational investment and expansion of
regional, strategic CO2 infrastructure, to the benefit to
the industrial cluster as a whole. Such an approach could
serve as a way to continue and/or supplement an initially
publicly capitalised regional market maker.

Real world developments would
give security to industry, workers
and planners that feasible and
affordable deep decarbonisation
pathways are available
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2.3 National and regional actions are required
to create CO2 networks
At the national level, governments must develop modalities and aid capitalisation of CO2 Market Maker(s) in
parallel to regional CO2 infrastructure strategic development and delivery plans.
Regional CO2 network delivery plans need to be linked to
regional industrial development plans. CO2 deliver plans
will include the physical CO2 transport infrastructure requirements from regional industrial sources and in some
regions the interfaces with cross-border CO2 storage.
Regional industrial CO2 capture, transport and storage
deployment schedules should be produced reflecting
national and European decarbonisation plans.
Stakeholders in industrial regions where iCCUS is key to
ensuring sustainable economic activity will be required
to make major contributions to the development of national plans. These regions will be the benefactors from
CO2 network development or alternatively those disadvantaged by non-delivery. Regional industrial clusters
and regional authorities have the incentive to undertake
bottom-up estimates of emissions reduction targets, the
investment needs of CO2 networks and the development
timelines of low carbon industrial activity.
Retaining existing industrial activity and attracting inward
investment is a core role of regional industrial governments. Industrial regions and the industrial sectors they
host, must make the case to national and European
authorities for the level of policy and financial support
required to deliver their low carbon future with job
retention and creation. These regions in cooperation
with industrial emitters should now identify the first few
enabling pieces of infrastructure that can quickly be expanded and extended. An urgent first step is developing
iCCUS projects with a focus on CO2 storage and transport
infrastructure development of a scale compatible with
national and EU funding sources.
2.3.1 The role of the European Union
The development of CO2 networks that aid the deep
decarbonisation of industrial regions can develop as
pan European decarbonisation networks. Beginning as
regional deep decarbonisation infinitives, CO2 networks
will over time grow to become of European significance.
As some countries in Europe will rely on neighbouring
MS to provide accessible CO2 storage – there a strong
case for coordination of European level actions that
create a level playing field for decarbonised industries.
The European Commission should aid dialogue between
strategic industrial regionals, CO2 transit regions and CO2
storage regions. The EU role in assisting industrial regions
should build on the role and EU measures to leverage
cities climate action. In addition, the Commission should
seek to actively involve industrial regions in developing
or reassessing funding mechanisms so that they are compatible with the decarbonisation needs of the regions.

2.4 Making Europe’s industrial regions
attractive to inward investment
CO2 infrastructure offers industries such as steel, cement,
chemicals, waste incineration and hydrogen a deep decarbonisation pathway. In the absence of a decarbonisation pathway these sectors will be forced into decline or
become climate-action game stoppers. Industrial regions
have an interest in helping to creating this decarbonisation pathway as they rely on these sectors for economic
activity, employment and social cohesion.
A just transition to a deeply decarbonised industry will
be key to industrial regions. Cost effective and attainable
decarbonisation strategies must build on existing investments and grow skilled employment. If the technologies
and infrastructure to decarbonise industry are not in
place, growing conflict between climate ambition and
continued industrial employment will be the result.
Although it may take until the 2030 and 2040s for many
of the industrial sources in a cluster to be fully connected to the CO2 network, the presence and growth of the
network in their region enable industries as a whole to
engage constructively with societal decarbonisation. The
societal case for retaining these industries and further
investment in these sectors will be greatly improved
when a realistic decarbonisation strategy is present.
Engagement with the expansion and provision of CO2
networks may also place industrial sectors in a more constructive position when negotiating ETS obligations.
The global decarbonisation required to reach 2oC or
below will mean that industrial hubs serviced by established CO2 networks will enjoy a commercial advantage.
The development of CO2 networks at an industrial cluster
can also provide long term policy security for emitters,
with a clear long term decarbonisation goal and a method to achieve it. In this way CO2 networks can secure the
long term viability of industrial activity, preserving asset
value and encouraging near term investment instead of
paralysis.

Primarily, CO2 transport networks will be necessary for
an industrial region to successfully decarbonise. CO2
transport and storage networks provide significant decarbonisation potential. In the absence of a CO2 network,
regions such as Rotterdam (≈15 million tonnes of industrial CO2 applicable for CO2 capture), Ruhr (≈35 million
tonnes of industrial CO2 applicable for CO2 capture),
Scandinavia/Skagerrak (≈10 million tonnes of industrial CO2 applicable for CO2 capture) will be left with two
choices: to deindustrialise or to oppose efforts to limit
warming to 2oC and below.
2.4.1 CO2 utilisation
The presence of CO2 networks at these industrial regions
can bring near term advantages. It can allow constructive
partnerships between industries and government on a
path to decarbonise. This is an opportunity to reduce
confrontation between EU ETS and national industrial
strategies. The presence of a CO2 network can act as a
pull for inward investment in the region, such as CO2 use
and CO2 network dependent sectors such as hydrogen
and CO2 use industries. This will enable local and national
government to keep production and employment local
and accelerating low carbon innovation. Such regions can
become forerunners in the manufacture of low-carbon
products, attracting ancillary industries and services. On
a national level the presence of CO2 networks allows for

Regions and industries need to
work together to break the cycle
of harmful inaction. Long term
and cost efficient decarbonisation
pathways through shared and
planned CO2 transport and storage
infrastructure can focus actions
and provide policy certainty
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3 : Develop CO2 Hubs

Hubs are a locus for decarbonisation and economies of scale
Focus first efforts on strategic industrial hubs
The key strategic CO2 capture hubs and storage locations in the North Sea region are:  
The Ruhr region of Germany is one of the largest industrial conurbations in the world. Industrial activity in the
region requiring CO2 capture, transport use and storage
to decarbonise is ≈35 million tonnes of CO2 every year.
This is equivalent to the total CO2 emissions of economies such as Ireland or Slovaka.
Local rationale for CO2 infrastructure buildout:
a.      Inland shipping already extensive for industrial
products, inland shipping of CO2 on barges is a
scalable and affordable connection to CO2 storage in North Sea through Rotterdam.
b.      Very large industrial CO2 cluster, including Europe’s largest steel complex. CO2 emissions of
key importance for reaching national decarbonisation goals.
c.       Large regional emissions from waste incineration
and district heating, potential for societal case
for metropolitan decarbonisation.
d.      CO2 storage onshore in Germany currently not
permitted, CO2 transport networks to North Sea
required for decarbonisation and retention of
industrial base.   
Rotterdam, Netherlands, Europe’s largest port, is well
located to grow into the premier gateway for continental
European emissions to gain access to North Sea storage.
Rotterdam already has an existing CO2 transport and
use network. The port of Rotterdam industrial complex
emitted about ≈15Mt CO2 in 2014. It is by far the largest
port in the EU, and is also located near to the second
largest port Antwerp. The port is the terminus of existing
pipeline corridors to Antwerp, and the Rhine and Ruhr
industrialised regions, and naturally is well suited to CO2
ship and barge transport. Rotterdam is pivotally located
as a gateway for European industrial emissions to the
North Sea and its CO2 storage resource.
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Local rationale for CO2 infrastructure buildout:
a.     Long term strategic business case in becoming
Western Europe CO2 collection hub, analogous
and additional to continued port economy. The
port area plan has area set aside for temporary
CO2 storage, handling and shipping.
b.     Available low cost CO2 (H2 from methane, Bioethanol production, Ammonia production)
c.      Dense and large industrial cluster. CCS applicable
CO2 emissions are ~19% of total national emissions.
d.     Existing seasonal CO2 use in greenhouse food
production (OCAP CO2 pipeline system).
Scandinavia/Skagerrak includes the Oslo Fjord, Norway,
western Sweden and Denmark. It is host to the Norcem
cement CO2 capture project, the Klemetsrud waste incineration and CO2 capture project and the Yara fertiliser
CO2 capture project. All three projects have the potential
to be the first to supply CO2 via ship to the North Sea for
use and storage, placing initial CO2 transport and storage
infrastructure.
Local rationale for CO2 infrastructure buildout:
a.      CO2 storage sector can develop as export industry and employment creator, especially in the
Norwegian and Danish North Sea continental
shelves.
b.      Sweden with deep (net zero) decarbonisation
ambitions by 2045 requires cross-border CO2
storage infrastructure due to low national CO2
storage capacity.
c. In Oct. 2016 Norway announced that it will
progress three industrial CO2 capture projects
with one common transport and storage solution. Storage could rapidly be expanded to serve
emission sources far outside Norway
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3.1 Rotterdam, The Netherlands
Rotterdam is Europe’s largest port, importing 327 million tonnes and exporting 138 million tonnes in 2015.
The port is a hub of industrial activity, with chemicals,
refineries, bio-refineries and waste incineration all found
within a small region. The industrial emissions of Rotterdam are dominated by sectors that require CO2 capture
to improve their climate performance such as large
hydrocarbon refining and chemicals sectors. In addition,
large waste incinerators in the region require CO2 capture
to drastically reduce CO2 emissions. Current total port
emissions are around 30,000kt/CO2 a year. The Energy
Research Centre of the Netherlands (ECN) estimates that
at current business as usual activities emissions will not
fall from now to 2030. Learn more here15 and here16
Deep decarbonisation goals have been set for the port;
the Rotterdam Climate Initiative (RCI) aims to reduce
the CO2 emissions within the city and port of Rotterdam
by 50% in 2025 as compared to 1990. The port development plan includes an area set aside for a future CO2
import/export terminal. The port is ideally located to
develop into a CO2 hub of European significance with
access to North Sea offshore storage and CO2 intensive
industrial clusters of the Netherlands, Belgium and Rhine
valley. Learn more here17
3.1.1 Rotterdam, the gateway to European industrial
decarbonisation
The development of a CCS hub at Rotterdam can act
as a gateway to huge CO2 offshore storage resource of
the North Sea. Depleted offshore fields near to Rotterdam have the potential to store hundreds of millions of
tonnes while the well characterised UK and Norwegian
sectors have CO2 storage capacities of global significance.
Learn more here18, here19 and here20
Rotterdam is ideally located be the transport locus
for European industrial decarbonisation with onshore
pipeline corridors Antwerp and the Rhine, inland barge
shipping on the Rhine and close ship access to Le Havre
and Hamburg.
Rotterdam already has the first elements of a CO2 transport and storage hub, with CO2 capture from high purity
sources, existing commercial CO2 pipeline and CO2 use.
The OCAP CO2 transport network delivers approximately
400kt of CO2 to around 500 greenhouses annually. The
CO2 enable increased photosynthesis and plant growth in
the greenhouses. However, the CO2 is not permanently
stored, with much of the CO2 escaping from the greenhouses or returning to the atmosphere after the decomposition of products grown in the greenhouses. Learn
more here21
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The development of Rotterdam into a European CO2
transit hub will bring new commercial activities to the
port. The deep decarbonisation of the Netherlands
and western Germany would see increasing ship traffic
through port via CO2 transport to CO2 storage complexes
in the North Sea. Increased barge commerce to the port
transporting CO2 from the heavily industrialised Rhine
valley.
Along with the development of indigenous CO2 storage
sector, utilising and reusing existing offshore oil and gas
infrastructure for climate benefit. The development
of CO2 transport and storage infrastructure at the port
would also make the region attractive to new low carbon
industrial sectors. Low carbon hydrogen projects have
already been proposed at the port, using natural gas reforming to generate hydrogen and CO2 capture linking to
CO2 transport infrastructure provided by another energy
CCS project. Learn more here22
3.1.2 Creating the CO2 gateway: Focus on laying the
foundations for a CO2 export infrastructure
Rotterdam can accelerate its role as a locus for European CO2 transport infrastructure development through
the development of CCUS projects, placing enabling
infrastructure and linking to offshore storage. In placing
known locations for access to CO2 transport and storage,
Rotterdam can reduce uncertainty for CO2 capture project development, reducing the barrier for entry of follow
on projects and potentially accelerating CO2 capture
projects in adjacent industrial areas.
Some industries at the port provide high purity CO2
allowing a full chain project to concentrate development
capital and efforts on infrastructure and storage. Hydrogen manufacture and bio-refineries already provide low
cost high purity CO2 for seasonal use at the port.

A pipeline between Antwerp and Rotterdam
utilising existing pipeline corridors

•

CO2 buffer storage and ship loading and unloading facilities linking Rotterdam to offshore storage and regional capture hubs such as Antwerp,
le Havre and Hamburg

•

A pipeline network to the first offshore storage
locations

•

CO2 barge terminal to enable inland shipping
of CO2 on the Rhine. Cooperation with regional
decarbonisation strategies of the Ruhr region
to enable sufficient volumes of CO2 through
the Rotterdam terminal and reducing costs by
achieving economies of scale
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Due to Rotterdam’s central location, many options are
available to deploy enabling infrastructure that can
reduce uncertainty and lower the barrier to entry for national industrial decarbonisation and wider regional decarbonisation. Enabling infrastructure can include pipeline links to offshore CO2 storage, shipping terminals to
North Sea storage, pipeline links to potential hubs and
inland shipping terminal for CO2 barge transport:
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3.1.3 The Netherlands
The wider Netherlands beyond the Rotterdam port will
also require CO2 transport, use and permanent storage
to deeply decarbonise in line with the Paris Agreement
while retaining key industries. Tata Steel Ijmuiden located on the North Sea coast is the country’s only integrated steel works, directly employing some 9,000 people
and producing ~ 6.9 million tonnes of steel. This requires
the processing of some 4.5 million tonnes of coal and 9
million tonnes of iron ore every year. The plant is trialling
new steelmaking techniques to reduce the CO2 intensity
of steel production. The Hisarna process reduces energy
inputs and CO2 production by ~20%, CO2 capture will still
be required to deeply decarbonise the process. Learn
more here23
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Chemelot, a diverse chemical industrial complex in the
south of the country, could also benefit from inland
shipping and the development of a CO2 terminal in Rotterdam.
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In addition to steel production, the Netherlands is host
to a large chemicals and fertilises sector spread around
the country. These sectors will have more realisable
decarbonisation pathways as the CO2 gathering network
reaches out from Rotterdam port to other regional industrial hubs such as Antwerp and the Ruhr.

Yara Sluiskil located near the Belgian border is one of Europe’s largest fertiliser manufacture plants and the Netherlands largest consumer of natural gas. The facility has
access to a port for CO2 shipping, but could also benefit
from the development of CO2 transport infrastructure
from nearby Antwerp to Rotterdam. The average net CO2
emissions per tonne of ammonia is 1.29 metric tonnes.
Yara Sluiskil produces 1,800kt of ammonia every year,
this alone resulting ~2,300kt of CO2. Some of this CO2 is
utilised at the site to manufacture Urea and in nearby
greenhouses. However, this CO2 is not permanently
stored, being rereleased to the atmosphere when the
products are used. Learn more here24 and here25

3.2 Antwerp Region
The port and surrounding area is host to a large integrated industrial network. Major refining, chemises, waste
incineration and steel production sectors provide the
basis of the industrial economy. Total CO2 emissions from
industries suitable for CO2 capture in Antwerp and surrounding area are approximately 20,000kt a year.
As geological CO2 storage options in Belgium are limited,
the deep decarbonisation of the Antwerp region will
require CO2 transport links to offshore storage sites or
links to nearby CO2 collection hubs such as Rotterdam.
The existing pipeline corridor between the Antwerp and
Rotterdam is approximately 80km long. There is a clear
rationale for developing a CO2 pipeline from Antwerp
to Rotterdam, creating a large European CO2 transport
network and access offshore storage locations. Learn
more here26

a synthetic natural gas. This process requires further
energy to be added and incurs additional efficiency
losses. Once used the captured CO2 contained within the
synthetic natural gas is emitted to the atmosphere. As
CO2 is not permanently prevented from entering the atmosphere, industries capturing CO2 will still be required
to pay the EU ETS (carbon price). Learn more here29
Power to natural gas consumes large amounts of renewable electricity, hydrogen and energy in efficiency losses
and does not permanently store captured industrial CO2
emissions. Capturing CO2 from industrial sources just to
be released again into the atmosphere, is not an efficient
decarbonisation pathway. Direct use of low carbon electricity or hydrogen would enable permanent CO2 storage.
Achieving a deeply decarbonised industrial sector will
require the vast majority of captured CO2 to be permanently prevented from entering the atmosphere and
contributing to global warming.

3.2.1 CO2 use pathways at Antwerp port
The port authority of Antwerp is currently investigating
the avenue of CO2 transport and use at the port. It is
doubtful if this strategy alone will result in the long term
to climate effective deep decarbonisation of the industrial cluster. Learn more here27
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CO2 captured from industrial sites and used in the generation of synthetic fuels can be described as CO2 recycle.
In these process CO2 is only temporarily prevented from
entering the atmosphere being released when the product is used.
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CO2 utilisation that results in permanent storage such as
the manufacture of plastics or mineralisation can provide
both products and pathways to decarbonisation. Industrial zones such as Antwerp produce large quantities
of CO2, converting the majority of these emissions to
products results in even larger quantise to be managed,
limiting the practical scale CO2 emissions abatement.
Converting a fraction (7.5%, ~1,500kt CO2) of the regions
industrial emissions to mineral products would require
the import of ~2,000kt of mineral to be reacted and
would produce 4,500kt of mineral product to be used or
permanently stored.1 At this scale mineralisation product
production would be equivalent to total steel production
at ArcelorMittal Gent. Learn more here28.

One common example is power to natural gas, creating
synthetic natural gas to be used as normal in homes for
heating, for electricity and industry. The process requires
the generation of hydrogen fuel from low carbon electricity, a process that is approximately 70% efficient. The
hydrogen is then combined with captured CO2 to create
1

Simple olivine reaction
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3.3 The Ruhr, Germany
Germany has had a leading role in climate change policy
and action since the 1980s. All political parties support
action on climate change and in December 2014 adopted the Action Programme on Climate Protection 2020,
which aims to reduce emissions by 62-78 million tonnes
CO2-equivalent by 2020 (as compared to current projections). A version of the programme with a 2050-perspective is to be tabled in 2018. It will then be updated every
three years. North Rhine Westphalia has a CO2 reduction
goal of at least 80% by 2050
The central government agency responsible for climate
change is the Federal Ministry for the Environment,
Nature Conservation, Building and Nuclear Safety. After a
restructuring of the ministries in 2013, the Federal Ministry for Economy and Energy took over primary responsibility for energy, especially renewable energy, where the
majority of mitigation activities take place.
CO2 emissions in the Ruhr region are large. Sources of
CO2 requiring CO2 capture to reduce part of their emissions include Europe’s largest steel production complex,
numerous cement production facilities, six large refineries, and ten waste incinerators. Emissions allowances
allocated sources in 2016 will be ≈ 35,000 kt CO2, greater
than the annual emissions of Ireland. Learn more here30
CO2 transport from the Ruhr to offshore CO2 storage
hubs will be essential in deeply decarbonising many of
the industries in the region as regional laws prohibit CO2
storage. Decarbonisation of the Ruhr area will rely on
cooperation with neighbours that want to create a CO2
storage sector along with the planned development of
CO2 transport infrastructure. The obvious export route
for Ruhr CO2 would be to Rotterdam, utilising existing
waterway infrastructure and gaining access to the large
offshore CO2 storage capacity of the North Sea.
3.3.1 CO2 storage and Germany
The Act on Demonstration and Application of Technologies for Capture, Transport and Permanent Storage
of Carbon Dioxide (CCS) (transposing the EU Directive
on CO2 storage), was adopted in 2012, after a lengthy
political process. Germany’s federal regions demanded
an annual storage limit of 4 million tonnes of CO2 and
the granting of discretionary powers to the regions to
authorise CCS demonstration sites. This was argued on
the basis of alternative uses for sites, their geological
features and, to a great extent, public opposition to CCS
driven by perceived insecurities regarding CO2 storage.
Subsequently, the regions that are potentially relevant
as sites for CCS have enacted regional-level laws that
prohibit CCS on their territory.
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3.3.2 Regional competition for new decarbonised
industries
Hydrogen production will be a core pillar in decarbonising industrial zones. Hydrogen will play a role in industrial decarbonisation, residential heating and cooking
decarbonisation and the decarbonisation of some forms
of transport. The Ruhr region is already host to a large
hydrogen pipeline network some 240 km long. Hydrogen can be produced from renewable electricity sources
or from natural gas reforming with CO2 transport and
storage.
In 2014, Umweltbundesamt (UBA) the German Federal
Environment Agency estimated that around 467 TWh
p.a. of renewable electricity would be needed to produce
a constant supply of hydrogen from electrolysis (and
conversion to methane) for energy purposes in stationary processes in Germany in 2050. This is equivalent to ¾
of all German current electricity production in 2014, including fossil, nuclear and renewable electricity sources.
Providing this hydrogen production through electrolysis
alone would require 14 times all current German solar.
Learn more here31 and here32
Supplementing hydrogen production from natural gas reforming would reduce the burden on renewable energy
sources. This requires CO2 disposal infrastructure. Where
such infrastructure exists hydrogen project developers
will have reduced upfront cost, reduced uncertainty
in planning and reduced commercial uncertainty. CO2
transport and storage studies in the UK estimate that
transport and storage costs drop by 60-80% for project
in the vicinity of an existing CO2 disposal network. In the
absence of such a CO2 transport infrastructure, the Ruhr
will be poorly placed to competitively attract new decarbonised industries that require CO2 networks such as low
carbon hydrogen from natural gas. Learn more here33

3.3.3 Continued operation of traditional industries
Carbon prices are anticipated to rise post 2030 in line
with deep decarbonisation goals and free allocations
reduced, resulting in growing CO2 cost for the Ruhr steel
industry.

The 2016 Ecofys study “Carbon cost for the steel sector
in Europe post-202034” estimates that European steel
industry as a whole may face net ETS (carbon permits)
cost of €27.1 Billion from 2021 to 2030. This is based on
a carbon cost of €20.1 in 2021 rising to €40.7 in 2030
and includes continued free allocation. Using this study
as an illustrative guide; the net carbon cost for Integriertes Hüttenwerk Duisburg from 2021 to 2030 would be
approximately €1.9 Billion. This assumes steel production
and CO2 emissions remain constant through the period.

The steel industry and primary steel production of the
Ruhr requires an accessible decarbonisation pathway.
Access to CO2 transport and storage infrastructure will be
needed to decarbonise the blast furnaces of the Ruhr. A
failure in the provision of a CO2 network for this industry
will result in unavoidable and increasing CO2 cost to steel
producers, as few technological means to significantly
reduce CO2 emissions from primary steel production will
be available.
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The city of Duisburg is the heart of German steel production and Europe’s largest steel production site. With
an annual production of more than 15 million tonnes of
crude steel in industry employs some 18,000 people.
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Partnership between the local steel industry, local government and federal government should at minimum
aim to revenues from the ETS reinvested to enable the
deep decarbonisation of steel sector at the lowest cost.
These investments could be in the creation and expansion of shared CO2 transport networks, increasing CO2
usage in the region and in the development of offshore
CO2 storage. This would give confidence to steel producers that the infrastructure to enable them to decarbonise
would be available in a timely manner, aiding continued
investment in the region and employment.
3.3.4 Forerunner project example
Focus on laying the foundations for a CO2 export infrastructure
The development of CO2 transport network in the region:
•

The creation of a visible and structured decarbonisation pathway for emissions intensive
industries

•

Provides security for continued investment in
CO2 intensive manufacturing in the region

•

Provides a nucleus of a CO2 transport network
for the region, allowing for planned expansion
and rational cost effective development

•

Development of regional government institutional capacity for the planning and management of
CO2 transport infrastructure

•

Begin partnership with Rotterdam CO2 expert
terminal and CO2 storage development

•

Visible deep decarbonisation from an industrial
source

•

Enables Germany to reach domestic climate
goals

Just 45 barge convoys a year, each
with 6 barges would be sufficent
to transport to the North Sea a
large proportion of the Ruhr’s total
industrial emissions
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3.3.5 Developing a forerunner Ruhr CO2 transport
network
A forerunner project at the scale of 250kt – 500kt of CO2
capture would be sufficient to enable the foundational
development of CO2 transport links with the Rotterdam
and the participation in CO2 storage development. Such
a forerunner project should priorities enabling investment in CO2 transport links and CO2 storage and not on
the scale of CO2 to be captured. Although small for a
CCS project, preventing 250kt of CO2 from entering the
atmosphere is roughly equivalent to removing 50,000
cars from the road.
3.3.6 Selecting a CO2 source
The Ruhr region has no shortage of candidate industrial
CO2 sources. Industrial facilities that have high purity CO2
such as some hydrogen manufactures should be investigated. Capturing high purity CO2 reduces the CAPEX and
OPEX of CO2 capture, enabling resources to be focused
CO2 network planning and development. Industrial sights
with available on site heat to power a CO2 capture process may also be attractive. Waste incinerators are such
candidates that also do not have any know decarbonisation pathway in the absence of CO2 capture, transport
and storage. In the Ruhr region both hydrogen manufacture and waste incineration have CO2 emission on the
scale of 250kt – 500kt.
3.3.7 CO2 transport to the North Sea via river barge on
the Rhine
The use of barges to transport CO2 from the Ruhr area
down the Rhine to Rotterdam has many advantages in
the early phase of the decarbonisation the Ruhr industrial hub. The use of barges in initial CO2 transport and storage projects will have a lower cost, lower commercial risk
and increased flexibility. Inland shipping forgoes lengthy
permitting procedures required for truck CO2 pipelines,
expediting project development and utilising existing
river and canal infrastructure. Barges have the additional
benefit of being easily scalable, with more barges added
to increase capacity and flexible calling to different industrial CO2 sources. The Ruhr – Rotterdam barge route is
short at ≈260 km and allows for large CO2 volumes to be
transported with only a small effect on total river traffic.
The use of barges requires the liquefaction, intermediate
storage and loading facilities to be installed. Learn more
here35
The CO2Europipe project estimated that 45 barge convoys a year, each with 6 barges would be required to
transport a large proportion of the Ruhr’s total industrial
emissions (35,000 kt/CO2) to Rotterdam port for further
transport to offshore storage sites. Learn more here36
and here37

3.3.8 CO2 Use in the Ruhr region and export of CO2 for
permanent storage
A part of the CO2 captured and transported in a forerunner project could be utilised in the Ruhr area and in
Rotterdam. An example of CO2 use in Ruhr region could
be in the form of CO2 for plastic production. In 2016, Dormagen Germany, BAYER (a chemicals company) began
commercial production at of polyurethane with CO2 as a
feedstock. The plant will produce 5,000 tonnes of plastic
a year, requiring around of 1kt of CO2. This is equivalent
to 0.2% to 0.4% of the CO2 captured in the small CCS
forerunner project outlined here. Learn more here38
Larger amounts of CO2 use in the Rotterdam region is
possible due to the existing CO2 transport network and
CO2 use in greenhouse to increase productivity. The
Rotterdam CO2 network called “OCAP” delivers approximately 400kt of CO2 to around 500 greenhouses annually. Demand for CO2 in summer months currently outstrips
supply. The advantages of CO2 use are that it would
provide a monetary value, supporting the operation of a
Ruhr forerunner project.

The disadvantages are that the CO2 requirement is seasonal, with onsite greenhouse heating providing CO2 in
winter months. In addition, the CO2 is not permanently
stored, with much of the CO2 escaping from the greenhouses or returning to the atmosphere after the decomposition of products grown in the greenhouses. Learn
more here39
Large offshore CO2 stores will be required to significantly
lower the climate impact of Ruhr industries. CO2 transport from the Ruhr in a forerunner project can create the
impetus for the region to engage with offshore storage
host countries such as the Netherlands, Norway or the
UK. Engagement of industrial regions such as the Ruhr
who require CO2 storage to be developed and available
for use would improve the commercial and political case
for CO2 storage investment in host countries.
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3.4 The Oslo fjord region (Skagerrak)
The wider Oslo fjord region (Skagerrak) encompassing
the eastern shoreline of Norway, western Sweden and
northern Denmark is a dispersed industrial cluster.
Industrial activity in the region includes cement production, refining, chemicals, fertilisers and waste incineration. Taken together approximately 10,000kt of CCS
applicable CO2 emissions are within the catchment area
of the hub.
All three countries have ambitious climate targets. Both
Norway and Sweden have set goals of a society with no
net GHG emissions by the year 2050. For these goals to
be met emissions for industrial source would need to be
drastically cut. Sweden’s industrial sector is responsible
for 37 % of the country’s total energy use. This figure
is around 5-10 % higher than most other developed
countries.
Norway has a longer history than any European country
in persuing industrial CCS development and the only
European country to have two active large scale offshore CO2 storage sites. The 2012 Climate Settlement
(‘Klimaforliket’) based on broad political agreement
includes a commitment to deliver full-scale CCS by 2020,
which involves budgetary allocation. This commitment
has culminated in three industrial CO2 capture projects
under consideration to be operational in 2020. These
include Klemetsrud waste incinerator, Norcem cement
factory and Yara fertiliser factory. Initial plans are for CO2
to be transported via ship to offshore CO2 storage sites.
The initial CO2 volumes to be injected are expected to
characterise and prove geological storage availability for
much greater future volumes of CO2.Learn more about
Norway’s CCS plans here40
The decarbonisation of industrial producers in southern Norway can provide an anchor for the creation of a
shared CO2 transport and storage hub for region. Active
CO2 ship transport and accessible offshore CO2 storage
will greatly reduce commercial barriers for follow on
project in Sweden and Denmark.

The Sleipner Project in the North
Sea has been storing CO2 for
20 years
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At the Paris Climate conference, the world agreed to
aim at a 1.5 degree target, for which carbon removal
technologies like Bio-CCS will be even more quickly
needed than for the 2 degree target. CO2 transport
and storage are necessary in removing CO2 from the
atmosphere.

CO2 Storage – a new offshore industry
The continued health of the offshore supply sector and
service sector is directly linked to the prospect of the
North Sea hydrocarbon industry. In Norway in 2014
there were around 330,000 employees in petroleum-related activities, of which 186,000 in direct petroleum
related businesses (operators and manufacturers) and
143,000 in indirect petroleum related sectors. This
corresponds to almost 13% of all residents employed
in Norway, learn more here41. The combination or a
reduced oil price, high costs and poor exploration results
are putting many oilfield service companies and employment under financial pressure. From 2014 to 2015
more than 36,000 oil industry-related jobs were lost in
Norway, learn more here42.
The primary alternative use for existing infrastructure
and oil and gas expertise is the development of a North
Sea CO2 storage industry, learn more here43. The North
Sea benefits from existing oil and gas pipelines, offshore platforms and wells that have the potential to be
re-commissioned for permanent CO2 storage. The goldeneye field off the coast of Scotland is such an example,
an unmanned gas production platform and its existing
production wells will be modified and reused as the CO2
storage site for the Peterhead CO2 capture project.

3.4.1. Norway begins deep decarbonisation
In the effort to jump start the iCCUS industry in Norway,
three full scale projects are in development and funded
by the Norwegian Ministry of Petroleum and Energy. The
aim of these projects, which include the only cement factory in Norway (Norcem), an ammonia fertiliser producer
(Yara), and a waste incineration facility in Klemetsrud, is
to have fully operational iCCUS site(s) by 2022.
For over two decades, Bellona has been working to make
this possible by providing numerous reports to the Norwegian government, and to convince policy makers that
the capture and storage of CO2 is essential if Norway’s
climate objectives are to be reached on time. For more
information see here44.

These industrial sites in northern Denmark,
East Sweden and in the Oslo fjord can be
deeply decarbonised by CO2 ship transport
to offshore North Sea CO2 stores
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4 : Provide Finance

EU funding schemes can help regions begin
building deep decarbonisation infrastructure
Develop first infrastructure and storage projects
Successful first CCS projects require many coordinated
steps in terms of funding arrangements, planning phases,
and stakeholder alignment. Action is required in three crucial areas to deliver the first CCS infrastructure: political
direction, a business case/market maker and the right
funding mechanisms – at the right time. Funding also
needs to be flexible, including in large enough ‘chunks’,
for development of large-scale infrastructure.

However it ought to be made clear that at present, the
EU lacks a strategic plan for providing its industries with
a way to retain production and employment in a decarbonising Europe. In 2015, Commission Vice President (for
the Energy Union) Maroš Šefčovič asked ZEP to draft such
a plan, albeit with an important limitation: it would need
to be based on existing and planned funding mechanisms,
not rely on completely novel initiatives.

As has been discussed earlier in the report, the EU ETS in
its current design cannot serve as a driver for industrial CCS deployment. This would not change even should
the number of emission allowances be sharply reduced
– for Europe’s manufacturing industries, many of which
have already reached the theoretical limits for reducing
energy consumption and other local ways to reduce emissions. As long as these industries lack infrastructure for
CO2 offtake, a much higher CO2 price along with reduced
free allowances would just render them uncompetitive in
a global market, with widespread closures as result.

Bellona played a leading role in ZEP’s work with the socalled ‘Executable Plan for CCS in Europe45’. One of the
findings was that while there is a range of funding mechanisms that would possibly be available, little appears likely
to happen without a direct, proactive involvement from industry, its employees through labour unions, and regional
authorities. The Commission has for half a decade pointed
to the apparent lacking interest (and at times outright opposition) from Member States as a major hurdle for moving the CCS agenda in Europe. Hence it is imperative that
industrial regions in Europe, which have a direct interest
in funds being made available to provide strategic CO2
infrastructure that might retain their welfare base, not
only put pressure on their national governments for support, but also demand direct participation in the shaping
of relevant funding mechanisms on EU level.

Assuming the demand for their products remains, such a
development would be counter-productive from a climate
perspective (due to increased emission-intensive transport of products from other parts of the world, and possibly to lower environmental standards outside the EU).
Moreover, with voters seeing such welfare-threatening
consequences of measures that don’t even effectively address the climate challenge, it would highly likely reduce
democratic support for climate action in Europe.
The case for European action in providing such infrastructure is clear. The European Union has set ambitions
for strengthening its industrial base and output, yet the
EU ETS in its current design along with the lack of CO2
offtake options for CO2-intensive industrial regions mean
that the signals to industry are to the contrary. Notably
in such regions that are situated far from likely (offshore)
CO2 storage sites, the case for EU action and funds for infrastructure to retain a level playing field between regions
and avoid emission lock-in is therefore quite clear.
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This finding, of course, should not serve to relieve the EUropean Commission and Member States of their responsibilities. A promising development in this respect has been
a project led by ETUC, the European Trade Union Confederation. ETUC published a report in October 2016, which
pointed to the need for a just transition in the process of
decarbonisation, allowing welfare-creating employment
to be retained, learn more here46. The report, which looks
at seven strategic industrial regions across the EU, identifies CCUS as a key technology requiring investment to
ensure a just transition and enable deep decarbonisation.
The European Commission could now choose to see this
as an opportunity and put political capital into leveraging
and supporting the regional stakeholders involved with
the ETUC project to encourage a new dialogue with Member States and industry.

In this chapter, we have listed EU funding mechanisms
that, in accordance with their criteria, under various conditions could be used to support the development of CO2
storage, the deployment of strategic CO2 infrastructure
for industrial clusters and hubs, and partially covering of
the cost for capturing CO2.
A major funding source has been identified which does
not have criteria directed toward CCS in particular, but
which for many regions (notably those in less affluent
Member States that are the main recipients) could be an
important source of funds for CO2 infrastructure, are the
European Structural and Investment Funds and the European Regional Development Fund. These funds were
created to aid in reducing regional economic and development imbalances within the EU, and as such their purpose corresponds closely with the case for EU action in
deploying CO2 infrastructure.
Currently, the Structural and Regional funds are only open
to funding CCS-related projects that fit in a research context. This derives from few Member States having seen
CCS as an area to include as a priority. The Commission’s
DG REGIO, which administers these funds, would require
an adapted mandate, which pressure from industrial regions on Member States could help secure. With a concerted effort and political will from strategic industrial
regions and their stakeholders, ways might be found to
provide access to this second largest budget line of the
current EU Multiannual Financial Framework for investments in larger-scale industrial projects.

Notwithstanding, the EU has put or is in the process of
putting in place a number of public funding mechanisms
that can help regions to begin development of CO2 hubs.
In the period 2015 to 2020 there are several pots applicable to CCS, including a potential major project to be constructed under the Connecting Europe Facility, research
funds available under Horizon2020 and the LIFE programme and likely larger scale project funding from the
Innovation and Modernisation Fund, depending on the
legislative process. The existing NER300 funding scheme,
to which Bellona contributed in shaping is therefore set to
be built upon for coming investment periods.
Regions that seek to grow into CO2 transport hubs can
access upcoming EU funds to aid development of base
infrastructure. It is important that the first industrial
CCUS projects lay the foundational infrastructure. Regional planners need to work with and encourage local
CCS project developers to see that CO2 infrastructure is
prioritised, has capacity to grow, and aids the development for a logical CO2 hub. Active regional and national support for strategic industrial CCS projects increases
the likelihood of success. Developing project proposals
takes time; regions and project developers need to begin
now in order to access upcoming funding schemes, or
lose the opportunity.
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4.1 Innovation Fund
What: The ‘NER300 successor’ fund foreseen under the
ETS (currently under reform, per the 2030 Framework for
Climate and Energy) and intended to be the main funding
mechanism of low-carbon technologies toward 2030. Will
likely be extended from NER300 scope to include industrial applications.
Amount: Revenue from 400m ETS EUAs + 50m EUAs for
‘low carbon industrial innovation projects’
When: Phase 4 (2021-2030) of the ETS. Negotiations ongoing to begin the Innovation Fund earlier, in 2018, in
conjunction with a potential recycling of unused NER300
funds, to bridge the gap between now and 2020.

4.2 Modernisation Fund
What: Modernisation of energy systems in lower income
Member States (i.e. GDP less than 60% of EU average currently 10 Member States but this should be reviewed
in 2024).
Amount: Revenue from 300m ETS EUAs
When: Should match schedule of Innovation Fund so as
to allow pooling
How: Member States are to manage the fund, but the European Investment Bank (EIB) will be closely involved in
the selection of projects. The EIB has a policy of no longer
funding CO2 intensive unabated coal projects, which could
lead this fund to be applicable to CO2 transport and storage development.

4.3 Connecting Europe Facility (CEF)
What: Supporting the development of trans-European
networks in energy (TEN-E), transport (TEN-T), and telecommunications (eTEN). Aims to facilitate the construction of Projects of Common Interest (PCIs) that would not
be initiated by the market without support. CCS is included among the 12 ‘Priority Thematic Areas’ and the relevant regulation specifically refers to the development of
a Cross-border carbon dioxide network and infrastructure
between Member States. Learn more here47
Amount: totalling EUR 5.85 billion (project specific support ranges from 100k to several 100m), pre-study funding is possible, but otherwise only CAPEX and not OPEX
available.
When: Next call in 2017. Every two years the Commission
will adopt a list of key energy infrastructure PCIs which
help Member States integrate their energy markets. The
list of 2015 is available here48. Once on the list, projects
can benefit from accelerated licensing procedures, improved regulatory conditions, and under certain conditions access to CEF financial support.
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How: To get on the list and be recognised as a PCI a project has to benefit at least two Member States, contribute
to market integration, further competition, enhance security of supply, and reduce CO2 emissions. Consequently,
infrastructure for CO2 transport is eligible.
Projects of common interest to develop strategic CO2
transport infrastructure have already been proposed. A
CO2 pipeline link from Antwerp to Rotterdam is one option under investigation. Learn more here49

4.4 European Fund for Strategic Investment
(EFSI)
What: Commission’s flagship initiative, a Regulation to
kick start growth and jobs in Europe. Investment will have
the aim to unlock public and private investments in the
real economy of at least €315 billion in the period 20152017. CCS has been identified as a key breakthrough technology by the Task Force, but is considered a high risk investment area.
Amount: Commission Guarantee fund of €16 billion under the EU budget + EIB commitment of €5 billion = total
€21 billion at EU level. Added private finance is sought to
multiply this at a rate of 1:15. Total real investment could
reach €315 billion. Of this, €240 billion allocated to ‘Strategic Investments of European Energy’ in energy, transport, broadband, education, research and innovation.
How: Selection criteria are EU added value (i.e. projects
consistent with EU priorities such as 2030), economic viability; potential of leveraging other sources of funding,
size and scalability. Funding will be prioritised to projects
with higher risk bearing capacity, covering new products
and providing new delivery modes in cooperation with
National Promotional Banks and private sector financial
institutions.

4.5 Structural Funds (European Structural and
Investment Funds (ESIF)) (in particular the European Regional Development Fund (ERDF))
What: A common legislative framework sets out the
funds’ overall objectives and priorities: “to contribute
to the Union strategy for smart, sustainable and inclusive growth each ESI Fund shall support shift towards a
low-carbon economy in all sectors”. Specific regulations
for each of the funds (such as ERDF) translate this thematic objective into investment priorities, based on which
Member States propose their Operational Programmes to
be co-financed by the EU Funds.
The ERDF is particularly relevant for industrial CCS as its
objective is to redress “the main regional imbalances
in the Union through the sustainable development and
structural adjustment of regional economies, including
the conversion of declining industrial regions and regions
whose development is lagging behind”. At present, CCS installations are excluded unless the project comes under a
research line related to installations or parts of installa-

tions used for research, development and testing of new
products to enable the shift to a low-carbon economy.

EU co-financing rate 60% of total eligible project costs for
2014-2017.

Amount: Total budget €376 billion (second largest budgetary line of the EU MFF)

When: Two programming periods: 2014-2017, and 20182020.

When: Multiannual Financial Framework (MFF) for the
2014-2020 period.

How: Projects dedicated to the construction of large infrastructure fall beyond the scope of the LIFE Programme.
These are projects where the cost of a “single item of
infrastructure” exceeds €500,000. CCS projects where
infrastructure forms a small part of the overall project,
and where it is not the main focus of the project, are still
eligible.

How: Besides the financial support that Member States
can claim under research and development, the general use of the European Structural and Investment Funds
must be seen as a complement (rather than as a support
basis) for the commercial roll-out of industrial CO2 carbon,
transport, use and storage.

4.8 The European Investment Bank (EIB)

EU funds for research and development can also be used
to benefit regional CCS hub development. Research
projects can define and advance potential CO2 capture,
infrastructure, use and storage projects in industrial regions; preparing regions to take maximum advantage of
larger funding schemes such as the Innovation Fund or
projects of common interest. One example is the H2020
supported Gateway project, providing a model for CO2
infrastructure development compatible with projects of
common interest funding.

What: The EU bank. Provides finance, blending and expertise for investment projects that contribute to EU objectives, with climate action and strategic infrastructure
forming two of four priorities. Of relevance to industrial
CCS it plays an important role in managing key funds such
as the EFSI and currently the NER300.

4.6 Horizon2020

How: An eligible project has to contribute to EU economic
policy objectives. In order to apply for a loan there are
no specific formalities beyond providing the sufficient information to allow assessment, the criteria of which are
tailored to each specific project

What: The financial instrument implementing the Innovation Union, a Europe2020 flagship initiative aimed at
securing Europe’s global competitiveness by supporting
world-class science.

Amount: In general, the EIB finances one third of each
product, but the loan can also cover up to 50% of an activity.

Amount: Total funding for energy projects is €5.4 billion in
the period up till 2020, with 85% earmarked for non-fossil fuel energy research. The remaining 15%, constituting
€750 million, may be used for CCS funding, but also for
shale gas, flexible operation of power plants etc. and includes hydrogen.
How: Basic research to market innovation can get funding.
Both the 2014-15 and 2016-7 work programmes included
CCS under ‘Low Carbon Technologies’ and ‘Competitive
low-carbon energy’ calls respectively.

4.7 LIFE
What: EU’s financial instrument supporting environmental, nature conservation and climate action projects
throughout the EU. The Programme aims to encourage
synergies with Horizon2020 and will score transnational project highly. The 2015 call for proposals for Action
Grants included CCS in its scope – but only where infrastructure forms a small part of the overall project and
where it is not the main focus of the project. ‘Climate
Change Mitigation’, the funding pillar relevant to CCS, is
less on research and more on supporting demonstration,
pilot and best practice projects.
Amount: For the 2014-2020 funding period, total amount
is €3.4 billion. For the 2014-17 program period, €449.2
million for the climate action sub-programme. Maximum
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5 : Capture CO2

Deep Decarbonisation of all sectors is required to
avoid a more than 2oC warming
Industry decarbonisation will require CO2 capture
CO2 transport networks and permanent CO2 storage will
be required in Europe to deeply decarbonise industry,
produce low cost hydrogen, to remove CO2 from the
atmosphere and decarbonise any remaining fossil electricity generation. All of these activities will be needed
in reaching the 1.5 oC and 2 oC target of COP21. Indeed,
reaching the 1.5oC and 2 oC warming targets requires
deep decarbonisation at all possible sources as rapidly as
possible, in addition to the need to remove CO2 from the
atmosphere. A potentially disastrous 4 oC warming will
be the result of current INDCs (utilising solely efficiency,
renewables and electro-mobility).
The UN’s Intergovernmental Panel on Climate Change
(IPCC) stated in its 2014 synthesis report that, in the absence of CCS, the global cost of the mitigation measures
necessary to keep atmospheric CO2 concentration levels
by 2100 to 450ppm will increase by 138%. It continued:
“Many models cannot reach 450ppm CO2-equivalent
concentration by 2100 in the absence of carbon capture
and storage (CCS)”.
When it comes to the specific matter of addressing
climate change by using the technology to reduce CO2
emissions there exists both in Europe and across most
of the world a political and market failure. The agreed
ambition level might be high, but regulatory actions and
signals to invstors are in no way aligned. While the IPCC
says the world would save enormous funds through
CCS deployment as part of the portfolio, this is in no
way reflected in the market economy, where industrial
CCS is still not investible in most places. For a variety of
reasons, decision-makers are ignoring the advice of the
IPCC, in most cases allowing CO2 from industrial processes to be vented into the atmosphere.
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A variety of technologies to capture CO2 from industrial processes are available and are continuously under
improvement and development. The selection of capture
technology will be dependent on a variety of criteria
including the state of development of the technology,
the application, whether the facility is a new build or a
retrofit, as well as the capital and operating cost. Most
CO2 capture technologies capture 90% of CO2 and greatly
reduce emissions of other pollutants such as sulphur
oxides and nitrogen oxides.
Some CO2 capture processes are mature and have been
used in industrial settings for almost a century. For example, capture of CO2 after combustion (post combustion
capture) with the use of amines was first patented in
1930 by R. R. Bottoms; and has since become a standard
industrial process for the production of CO2.
Advances and breakthroughs in CO2 capture technologies
require continuing research and development but most
importantly active real world deployment. Novel technology development and refinement requires a market
pull leading to active market competition from suppliers,
learning by doing and optimisation through deployment.
CO2 capture supply market must exist to drive technology investments and to bring new technologies from the
research stage to deployment.

Some industries provide the lowest cost routes for
CO2 capture. Many of these industrial sources are
present at European industrial clusters. Starting
with low cost capture allows development efforts
to be focused on building CO2 transport networks
of storage sites. This can lay the foundations for
decarbonisation of other industries in the area.

Electrification of transport and reducing reliance on hydrocarbons
will reduce the need for
refineries and emissions
from refineries. Where
they remain their CO2
emissions can be prevented from adding to
stock in the atmosphere

Many industrial products that are CO2 intensive are
used towards our low carbon future. Steel is used
in wind turbines and expanding electricity grid. Cement is used in energy efficient buildings and turbine foundations. Decarbonisation is required all
through society and manufacturing to have a chance
to limit warming to 2oC
Industrial CO2 capture costs are based on analysis of capture
costs by Element Energy50 and Imperial College London51

Increasing recycling and
resource efficiency is the
first task, but where waste
incineration remains CO2
should not be dumped in
the atmosphere. In many
instances capturing CO2
from these facilities can
also help decarbonising
district heating
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5.1 The Hydrogen Economy

5.2 Fertilisers and Ammonia

Hydrogen is a pillar of deep decarbonisation. Hydrogen
has endlessly diverse low carbon applications from residential and industrial heating, water heating, industrial
processes, cooking, road transport, shipping, aviation,
electricity generation and energy storage. Hydrogen can
be stored underground similar to natural gas storage
today. This allows for long term energy storage and on
demand low carbon energy to compliment the season
variation in renewable generation. Learn more here52

The manufacture of fertilisers is by far the most important use of ammonia. These include urea, ammonium
salts (ammonium phosphates, ammonium nitrate,
calcium ammonium nitrate) and solutions of ammonia. In 1913, the company BASF began operation of the
world’s first ammonia plant, from then world population
has grown 4 fold from 1.7 billion people to 7.1 billion
people today. It is estimated that almost half the world’s
population would not be alive today if it were not for the
synthetic fertiliser ammonia. Better farming practices
and management are required to reduce the intensity
of ammonia use and leakage to the wider environment.
However, the importance of fertilisers will remain, the
global growing population is reliant on secure food
supplies. In addition, biomass growth for the decarbonisation of some products such as building materials and
fuels for challenging areas such as aviation will require
fertilisers. Learn more here59

Hydrogen will be especially important in the decarbonisation of industry. H2 will be required to replace fossil
fuels used in process heating, boilers and stem generation throughout varied industrial processes. H2 can also
be used in new processes such as advanced steel production. Learn more here53
The European Joint Research Centre estimates that in
2050, 1,000 petajoules of hydrogen will be needed to
decarbonise parts of European industrial production.
This is equivalent to 10 times the energy produced by all
German solar today. Learn more here54
H2 manufacture is a mature technology
Natural gas reforming is currently the most efficient, economical and widely used process for production of hydrogen and has been utilised globally for many decades
in the oil refinery and fertiliser industries. Steam reforming (SMR) is the standard method. Low carbon hydrogen
can be produced with the addition of CO2 capture and
compression. SMR is an ideal candidate for CO2 capture
due to the high purity of CO2 and low efficiency penalty
of ~ 5%. Learn more here55
Low carbon hydrogen can also be producted through the
electrolysis of water with renewable electricity. Extremely pure hydrogen is produced but at a substantially higher cost than from SMR due to the substantially higher
cost of electricity relative to fossil fuel feedstocks. In this
method Hydrogen can only be produced at times of renewable energy surplus, with ~70% conversion efficiency.
Learn more here56
Low carbon hydrogen is already produced thanks to
CO2 capture. Hydrogen is produced at the Valero Port
Arthur Refinery, Texas, USA. 1,000,000 tonnes of CO2 is
captured and prevented from entering the atmosphere
every year. This is equivalent to replacing 26 million
incandescent lightbulbs to more efficeint compact fluorescents. Learn more here57 and here58
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The Haber-Bosch Process combines nitrogen from the air
with hydrogen derived mainly from natural gas (methane) into ammonia. The production of one tonne of
ammonia results in almost one tonne of high purity CO2.
In some facilities this CO2 is combined with ammonia to
produce urea, and in other some of the CO2 is sold for
food and industrial uses. In Western Europe urea production is less prevalent, with ~8 million tonnes of high-concentration CO2 vented to the atmosphere and some use.
Learn more here60
Ammonia plants in the USA have been capturing CO2
since the early 1980s. 600,000 tonnes CO2 is captured
every year from an ammonia nitrogen fertilizer plant in
Enid Oklahoma and transported via pipeline to improve
oil production. A further 850,000 tonnes of CO2 every
year is captured from an ammonia nitrogen fertiliser
plant in Coffeyville, Kansas. Together these projects prevent more CO2 then removing all the cars in Denmark.
In Norway front end engineering and design study has
just begun to develop CO2 capture, transport and storage from fertiliser facility owned by Yara. Scheduled to
be operational from 2022, the project is part of deeply
decarbonising local industry. The Yara capture project
will share ship transport infrastructure and CO2 storage
with a cement facility and a waste incinerator. Learn
more here61

5.3 Waste to Energy

Oslo, when a city aims to deeply decarbonise

Waste incineration and waste to energy has become a
large source of CO2 emissions in Europe. EU-15 emissions
from waste incineration have grown to ~ 9,000 thousand tonnes CO2 per year. Offsetting these emissions by
planting and preserving forest would be equivalent to
30,000 km2 of forest. This is about the same total area of
Belgium with forest – just for EU-15 waste incineration.
Municipal waste incinerated is a mixture of wastes, in
terms of sources of CO2 a distinction is drawn between
CO2 of biogenic and CO2 of fossil origin. The proportion of
CO2 assumed to be of fossil origin (e.g. plastics) and consequently to be considered as climate-relevant, is given
as 33 to 50%. However, all CO2 no matter the source once
in the atmosphere contributes to accelerating global
warming. Learn more here62 and here63

The decarbonisation of cities is central to meeting
climate objectives. Thankfully more and more cities are
providing climate leadership. Oslo, the capital of Norway is a modern metropolitan city providing services to
660,000 people. The city of Oslo has a strategy to reduce
CO2 emissions in line with limiting temperature rise to
2o C. The goal is to reduce greenhouse gas emissions by
50% by 2020 and by 95% by 2030, compared to 1990 levels. Oslo also has global decarbonisation commitments
under the compact of mayors. Learn more here65

Reducing the amount of waste produced is the primary
method to reduce CO2 emissions from this sector. The
EU Circular Economy Strategy sets a common EU target
for recycling 65% of municipal waste by 2030. The EU
regards landfilling as the least preferable option and
should be limited to the necessary minimum. A binding
European target to reduce landfill to maximum of 10%
of all waste by 2030. When waste cannot be prevented
or recycled, waste to energy will remain the preferable
option. The application of CO2 capture and storage is the
only route to deeply decarbonise these facilities. This
will have the effect of decarbonising district heating and
energy generated by waste to energy plants. Learn more
here64

To make these cuts a reality the city of Oslo has to effect
change on all CO2 sources within the city. This includes
accelerating the ongoing increases of efficiency of buildings. While, Oslo is already a leader in the use of electro
mobility, the electrification of transport will have to
accelerate and the use of personal cars in the city centre
reduce. This will include the electrification of public
transport, private transport and construction vehicles.
The waste incinerator of Klemetsrud on the outskirts of
the city makes up ~20% of the city’s total emissions and
is its largest polluter. Emissions from this source must be
dealt with if the city is to decarbonise. The city of Oslo
is now in discussion with the national government to
capture and store CO2 from the plant. Klemetsrud is currently testing technology and a full scale capture plant to
be built in the early 2020’s will prevent 300,000 tonnes
of CO2 from entering the atmosphere every year. This
is equivalent to 1,000 km2 of forest, of more than twice
that area of the city. Learn more here66 and here67
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5.4 Cement Production
Cement and concrete are the most common construction
materials today. Cement is a core input in construction
and renovation of residential, businesses, civil engineering and transport infrastructure. As of 2014, Europe and
Turkey produced ~240 million tonnes of cement and employed 44,000 people. Cement or similar products will be
required to maintain our existing built environment and
in the creation of energy efficient cities and infrastructure. Cement is used in the construction of windfarms,
dams, flood defences and electricity grids. Learn more
here68
Decarbonising cement
Between 0.8 and 0.9 tonnes of CO2 is released into the
atmosphere for every tonne of cement that is produced.
The substantial CO2 emissions are inherent to the production process of cement. The production of cement
cannot be simply cleaned up with the use of renewable
energy or efficiency improvements. This is because the
majority (60%) of the industry’s CO2 emissions do not
originate from energy use but from the very manufacture
of cement from limestone. In very simple terms, clinker, a major constituent of cement is manufactured by
breaking down limestone into calcium and CO2. The calcium is subsequently used and the CO2 dumped into the
atmosphere. Significant reductions of CO2 from cement
production will require CO2 to be captured and stored
or the replacement of cement with substitute products.
Learn more here69
Substitution of limestone clinker with other material
can help reduce the CO2 intensity of cement. Additives
such as fly ash, volcanic ash and slag from steel making
are already widely used. The supply of these materials
is limited and already widely exploited, limiting their
potential to displace traditional cement production. Also
sourcing additives such as fly ash from CO2 intensive coal
power plants is not sustainable in a deep decarbonisation perspective. Learn more here70
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Substituting cement entirely with new materials may
avoid CO2 emissions. It is unlikely that there will be one
single substitute for cement. Substitutes will depend on
the specific functions that need to be provided. One such
substitute could be geopolymers, with 80% lower CO2
emissions than traditional cement. However due to high
alkalinity, water is not added, resulting in thick mixture
making it much less workable. World supply of materials
to produce geopolymers is currently limited and question
remain on durability. Magnesia based cements are also
a possibility, their potential worldwide use is limited due
to the insufficient availability of raw material. Learn more
here71
One place in Europe where cement is produced with
carbon capture is Norcem cement in Brevik, Norway.
The Norwegian government has provided €50 million in
investment toward the Norcem project, which is acting
as a testing ground future production plants with carbon capture. The Norwegian government and Norcem
are currently drawing up plans for full scale CO2 capture, with transport via ship to storage below the North
Sea. Learn more here72 and here73
As of October 2016 Norcem will begin full engineering
and design studies for a full scale CO2 capture with
ship transport to an offshore CO2 storage site. By 2022
cement production in Norway could be deeply decarbonised. Learn more here74

5.5 Steel Production
The use of steel is intrinsic to current engineering, building, transport and energy supply. Steel will be used in
the fabrication of wind turbines, mass transit systems,
electric vehicles, ships and energy efficient housing and
cities. At present the EU hosts 500 production sites, split
between 23 EU countries and provides 328 000 direct
jobs. Learn more here75 and here76
A typical wind turbine is reported to contain 89% steel.
The high renewable scenario of the EU energy 2050
roadmap anticipates ~ 1000 GW of wind power to be
installed. This deployment alone will require ~100 million
tonnes of steel. Learn more here77
Current steel production is CO2 intensive. Iron ore, a
mixture of iron and oxygen must be separated to produce steel. This process takes place at high temperatures
in large blast furnaces. Coking coal is added and reacts
with the oxygen to produce CO2, leaving raw iron behind.
Once a blast furnace is started it will continuously run
for four to ten years with only short stops to perform
planned maintenance. Other major CO2 sources in steel
making include heaters, crushers and boilers. In Europe
one tonne steel produced emits ~ 1.3 tonnes of CO2. The
HKM steel works in Duisburg, Germany produces ~ 16
million tonnes of CO2 a year, or equivalent to ~ 4 typical
coal power plants. Learn more here78
Decarbonising Steel
Hydrogen-based reduction of steel can deeply decarbonise steel production. The use of hydrogen can reduce
CO2 by reducing or eliminating the need to use coking
coal for iron ore reduction. The idea is to replace the
blast furnace with an alternative process, using low carbon hydrogen. This means that the by-product from ironmaking would be water not CO2. Sufficient, cost effective
and low carbon hydrogen will be required. EU steel
making would require 5.8 Mt of hydrogen a year. Swedish steelmaker SSAB hopes to operate a hydrogen-based
reduction demonstration plant from 2025-2035. Learn
more here79

Creating steel from ore and electricity can potentially
deeply decarbonise steel production. Molten Oxide
Electrolysis when coupled with carbon-free electricity,
drastically mitigates the global warming impact of metal
production. Iron ore can be separated to oxygen and liquid metal at 1600°C, this requires 3.7MWh of low carbon
electricity for every tonne of iron produced. Producing
all German steel in this way would require ~ 159 TWh
of electricity, equivalent to the addition of ~24 nuclear
plants. Learn more here80
Recycling of steel can be an effective way of reducing
CO2 emissions from the industry. Recycling scrap through
the electric arc furnace is currently highly intensive in
electricity and natural gas, but does avoid the production
of new steel. Today around 40% of all steel in the EU is
made from scrap. Learn more here81
CO2 capture has the potential to deeply decarbonise
steel production. The largest single point source is the
blast furnace, where 32% of the emissions can be captured from. The other large sources are the coke plant
and the sinter plant, which each account for 27% of the
overall emissions. Carbon capture from the sources on a
standard integrated steel mill can be added in a number
of ways. CO2 can be captured using available technologies. Simple technologies, such as top gas recycling can
both increase the efficiency of traditional blast furnaces
and increase the effectiveness of CO2 capture integration.
UK Department of Energy and Climate Change estimates
that in the absence of CCS, only emission reductions up
to 41% can be achieved. Learn more here82 and here83
A steel mill in Abu Dhabi already operates with CO2 capture. CO2 capture at Emirates Steel Industries (ESI) prevents 800 thousand tonnes of CO2 from being dumped
in the atmosphere, equivalent to removing ~ 150,000
cars. The CO2 is currently used to increase recovery of
oil. Learn more here84
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5.6 Refineries

5.7 Chemicals and plastics

The refining of oil into products such as petrol, diesel,
tar and chemicals are unsurprisingly CO2 intensive. There
are ~98 crude oil refineries in the EU and with total CO2
emissions of ~155 million tonnes of CO2, about equal to
the total CO2 emissions of the Netherlands a developed
economy of 17 million people. CO2 emissions from a single refinery can be large; Royal Dutch Shell Pernis refinery in Rotterdam emits 8.5 million tonnes of CO2 a year,
as much as a large coal power plant. Learn more here85
The oil refining sector uses processes such a distillation,
conversion, reforming, desulphurisation and hydrogen
production to convert crude oil into a combination of
intermediate and end-products. The generation of CO2
is often an unavoidable consequence of the refining process, regardless of how efficiently designed and operated
a refinery is, there are always some unavoidable energy
demands and CO2 emissions. The production of these
products, such as diesel, and their combustion in vehicles
and generators, leads directly to increased particulate
matter and damaging air pollution. Today 9 out of 10
Europeans are exposed to air pollution in excess of world
health organisation guidelines. Learn more here86 and
here87

The European chemicals manufacturing base is hugely
varied, supplying hundreds of products manufactured
by diverse processes, with diverse climate and environmental impacts. These include basic inorganics, including
products such as fertilisers for agriculture and industrial
gasses for refrigeration. Polymers such as plastics, fibres
for clothing and synthetic rubber for tires. Other chemicals include dyes & pigments, paints & inks, pesticides
and consumer chemicals such as detergents. The EU is
second in chemical production globaly, with Germany
third in global chemicals sales at €147 billion. Almost 2/3
of the chemicals produced are used in European industry.
Learn more here91

As the petroleum refining industry is, by its very nature,
part of the fossil fuel supply chain, the primary method
of reducing emissions from the sector should be reducing
use of refined product and substitution with alternatives.
The combination of electro-mobility and a decarbonised
electricity supply can substitute for road transport fuels
such as diesel and petrol. Learn more here88, here89 and
here90
Hydrogen is widely used in petroleum refining processes
to remove impurities found in crude oil to meet fuels
specifications. Hydrogen is often produced from natural
gas using the SMR method, providing a high purity CO2
that can be captured at low cost. Using CO2 from these
potentially low cost can aid the development of CO2 storage sites and the expansion of CO2 transport networks.
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Many chemical manufacturing sites are significant contributors to CO2 emissions. Chemelot in the Netherlands
alone emits ~8 million tonnes of CO2 a year, the equivalent of a large coal power plant. Energy use in the chemicals sector is dominated by use of natural gas to generate
steam or for direct heating, and the use of electricity for
a range of activities such as for pumping, compression
and cooling. In addition to heating and electricity use
many chemical manufacturing processes create CO2 as a
by-product of chemical reactions. The European chemicals industry consumes ~811 PJ of natural gas. Providing
this same energy in the form of hydrogen from electrolysis would require six times all the electricity from existing
German wind power. Current electricity consumption
alone in the chemicals industry is equivalent to more
than three time existing German wind power at ~180
TWh.
Deep decarbonisation of the chemicals industry will rely
on a mix of increasing efficiency, potential biomass use,
use of hydrogen, both from electrolysis and decarbonisation of natural gas, decarbonisation of electricity supply
and the carbon capture at both process and combustion
emissions points. The UK department of energy and
climate change estimates that CO2 capture would be
responsible for more than half of the CO2 reductions in
a deeply decarbonised chemical industry. Learn more
here92
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