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Executive summary

This guide for policy makers aims to assist those involved in designing national and international
policy related to carbon capture and storage (CCS). Covering both conventional fossil-fuel CCS
and bioenergy with CCS (BECCS), it explores development of CCS from its early pilot and
demonstration project stages through to wide-scale deployment of the technology. The report
concentrates on the economic and political economy perspective, leaving legal, safety,
environmental and regulatory issues to be addressed by other analysis.

Policy support critical to tap CCS potential

The IEA’s Energy Technology Perspectives (IEA, 2010a) indicates that CCS is an essential part of
the portfolio of technologies needed to achieve substantial global greenhouse gas (GHG)
emissions reduction in the most cost-effective manner. The technology could - if governments
commit to specific policies - account for nearly one-fifth of the emissions reduction required to
cut GHG emissions from energy use in half by 2050. The scale of potential future deployment of
CCS is enormous, spanning manufacturing, power generation and hydrocarbon extraction
worldwide.

Despite this huge potential, there remains considerable doubt as to the precise role CCS will play.
Deploying CCS requires policy action; it is not something that the market will do on its own.
CCS policy will have to address the creation of new markets, market barriers and failures, and
promotion and regulation of infrastructure. With such high stakes, the quality of policy matters a
great deal — at two levels: overall policy architecture and selection of policy instruments.

Policy architecture, policy instruments

Policy architecture refers to the overall policy framework — the vision and main structural
elements and how they fit together. It encompasses a range of policy instruments, with each
chosen instrument designed to respond to a particular policy objective over time. Together these
instruments can comprehensively improve the conditions for uptake of CCS technology in a way
that suits the market environment.

The appropriate policy for CCS evolves as the technology matures. The policy moves from
technology-specific support, which explicitly targets the development of CCS as a commercial
activity, to technology-neutral support, which allows deployment of CCS when it is most cost
effective among other abatement opportunities. Policy may also adapt from supporting both
CCS investment and operation to an emphasis on CCS operation; from an approach where the
public and private sector share in the costs and risks of CCS development to one where costs and
risks are mainly borne by the private sector; and from an approach where CCS is incentivised by
providing subsidies to an approach where it is incentivised by pricing emissions.

Policy to address sectoral and national factors

Many challenges associated with CCS deployment are common to all sectors, including site
selection, monitoring and project approvals. Sectors with low trade exposure, low CCS costs and
high carbon dioxide (CO,) emissions (such as processing of natural gas and the power sector in
some regions) offer good opportunities to pilot CCS projects and prioritise learning.
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Potential benefits of CCS are greater for countries that are coal and gas producers, consumers, or
those that anticipate chronic effects from climate change. Developed countries fulfilling these
criteria include Australia and the United States. In the short and medium term, learning benefits
are most important. The focus should be on demonstration projects that provide the best
opportunities for learning at the least net cost. This supports the argument in favour of CCS
projects in areas where there is a potential commercial market for the captured CO, (e.g. for
enhanced oil recovery) or in developing countries that stand to profit from CCS. Such a strategy
could help lower support cost for the first generation of CCS plants while avoiding duplication of
effort.

Added incentive for BECCS

Among the many applications of CCS, BECCS is of particular interest because it offers the
potential not only to reduce emissions, but also to actually remove CO, from the atmosphere,
thereby reducing atmospheric GHG concentrations and directly counteracting one of the main
drivers of climate change. An additional incentive targeted specifically at BECCS may help to
realise its potential, but it would only be fully effective in combination with an update of
accounting policy and methods to account for emissions from land-use change.

Page | 7
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Policy architecture

Incentive policies for deployment of CCS initially aim to overcome technical and commercial
barriers and support technology learning. If CCS technology progresses as intended, the policy
focus will gradually move to support mass deployment through incentives to reduce emissions —
where it is cost-effective to do so. Timing of this change in policy focus is difficult to predict,
because it will depend on how CCS and alternative technologies mature. However, a stable policy
framework with clearly defined break points or “gateways” can offer flexibility to government
and some certainty to investors. Effective support for CCS calls for a combination of policies,
where each policy addresses a separate dimension of market failure.

Policy life cycle

CCS technology will change substantially over the next 40 years

CCS is a high cost abatement option and will remain so in the short-term. It is technically
immature (at least in terms of integrating capture, transport and storage in full-scale projects)
and, unlike renewable energy and energy efficiency, it does not generate revenues if there is no
carbon price or a commercial market for the captured CO, for enhanced oil recovery. Current
carbon prices are well below CCS costs (Figure 1). This is because current short-term emissions
targets can be met without the use of CCS.

Figure 1 Current carbon prices from the EU Emissions Trading Scheme or the Clean Development
Mechanism

CER trading price, EU ETS trading price,
MidDec 2011 future primary auction 13.07. 2011

Biomass (power)

Coal (power)
Gas (power) |

Cement

Chemicals

Iron and steel

Gas processing

- 20.0 40.0 60.0 80.0 100.0 120.0
Cost of abatement (USD/tCO, avoided)

Source: IEA (2009), EEX (prices taken 20 July 2011) and Vivid Economics.

The private sector is unlikely to invest in CCS because the cost of abatement is higher than
current carbon prices. The private sector’s willingness to invest may improve over time, though
at different rates in different sectors as CCS becomes a more competitive abatement option
(Figure 2). Research and development, and experience gained from demonstration projects will
lower costs, while rising carbon prices will boost revenues. The IEA BLUE Map scenario
(IEA, 2010a) shows how it might be possible to reduce by 2050 CO, emissions from energy use to
50% of their 2005 level. The scenario indicates that 19% of total emissions reductions could come
from CCS.
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Figure 2 Development of CCS as a competitive abatement option

CCS Costs/
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Policy focus will change as CCS technology matures

Initially, incentive policy will focus on trials of CCS at a commercial scale, seeking information and
cost reductions to make it possible to deploy CCS at reasonable scale and cost. The policy goal at
this point is not to make emissions reductions for their own sake, but rather to advance
CCS technology and establish commercial arrangements between capture, networks and storage.
Practical examples of such policies are the various demonstration programmes launched in the
European Union (EU), North America and Australia.

Over time, CCS technology will mature and investors will become more familiar with it. As
emission reduction targets become more demanding, firms will come to understand where the
best opportunities lie. Policy makers may either direct emissions savings where they believe
them to be most cost-effective or simply let the market decide where to invest.

The policy choices fall under four broad themes® and the policy approach is likely to shift over
time (Figure 3):

e Funding: incentives for capital deployment or for operations;
e Costs and risks: borne by the public sector or the private sector;
e Subsidies/penalties: subsidising abatement or penalising emissions; and

e Technology support: targeting CCS-specific incentives or technology-neutral incentives.

! public support for research and development of CCS will also be crucial. However, as this report focuses on incentive
mechanisms to encourage widespread deployment of CCS, it does not explore policies or incentives relating to R&D.
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Figure 3 Progression of incentive policy

Early stage As technology matures Late stage
Page | 10 1 Supporting capital Greater willingness to invest by Incentivising operations
deployment and operations capital markets
2 Costs and risks shared by Reduced learning spill-overs Costs and risks mainly
public and private sector and better knowledge of risks borne by private sector
3 Subsidising abatement Polluter pays Penalising emissions
4 CCS-specific support Achieving least-cost abatement Technology-agnostic policy

From capital to operating incentives

The early stages of CCS will require support for both capital deployment and the operation of
capture units, networks and storage. Faced with a combination of technology risk, immature
regulatory and policy frameworks and low or absent market revenues, capital providers will be
reluctant to commit substantial sums. Investment support will be necessary, in the form of grants
and/or provision of debt or equity capital, as will operating support for CCS (i.e. incentive
mechanisms to provide additional revenue for each unit of output where a CCS unit is
operational). Plants fitted with CCS will have higher operating costs, but often no additional
revenue. Without further policy support for operations, the asset will not be used.?

Over time, risks surrounding the technology will diminish and the regulatory and policy
framework will become better established and understood. As returns over the lifetime of the
asset are substantiated, investors will be more willing to commit funds without capital support. If
expectations are realised, capital support can decline and make way for a greater emphasis on
operating support.

From public funding to private incentives

During the early years of CCS support mechanisms, the burden is borne by the taxpayer rather
than the private sector (either firms or consumers). At this initial stage, government involvement
can facilitate learning opportunities, offering potentially greater benefits to society than by
leaving information dissemination to private firms. It can also promote co-ordination between
firms, which will facilitate more efficient infrastructure development. Public support is
particularly valuable where firms compete internationally and CCS is introduced asymmetrically,
which could otherwise lead to adverse effects on trade of goods produced by plants where CCS is
fitted.

Public funding for CCS projects is already in place in a number of countries, including Australia,
Canada, China, Korea, Japan, Norway, the United States, and in the EU and some EU member
states. In total, approximately USD 23.5 billion has been made available to support large-scale
demonstration projects (GCCSI, 2011).

2 Such support is less likely to be required where CCS is used for enhanced oil recovery (EOR), as the use of CCS generates a
revenue stream from the additional oil extracted.
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Over time, tougher emissions targets will translate into higher compliance costs and make it
more important for policy to stimulate the most cost-effective forms of abatement. As the
volume of abatement generated by CCS increases, support through subsidies is likely to become
too costly; and as more countries deploy CCS, trade-exposed sectors will warrant and require less
protection. This situation will favour policies that leave both costs and risks with the private
sector and use market mechanisms to allocate resources.

When costs and risks are borne by the private sector, market structure and demand conditions
determine whether firms can pass on additional costs to consumers. In general, when a sector is
less exposed to trade and the cost increase is more comprehensive and uniform across firms, a
greater proportion of cost can be passed on to consumers.?

From subsidising abatement to penalising emissions

In the early phases of deployment, the key aim of incentive policies is to expand knowledge of
how to deploy CCS technology, in order to identify successful technologies and reduce costs.
Such early projects generate information on viability and cost reduction that is valuable to society
as a whole, but may not be commercially useful to those undertaking the investment. Subsidies
and quantity mandates may be appropriate to encourage commercial firms to invest more than
they otherwise would.

When the technology is immature it is not credible to force emissions reduction through high
carbon prices.* As learning progresses, the key aim of CCS policy will be directed towards
providing incentives for emissions reduction. Then penalties may suffice to stimulate more cost-
effective CCS. As the volume of CCS-generated abatement grows, reducing support through
subsidies will ease pressure on public budgets. In addition, commercial opportunities for using
captured CO; are likely to expand in several markets, further reducing the requirement for public
subsidies.

From technology-specific to technology-neutral policies

Early objectives of CCS incentive policy are to promote the technology, to determine its technical
viability, and to demonstrate that it is an affordable option when deeper emission cuts are
required. These objectives require policy instruments explicitly targeted at CCS.

Once these three objectives are achieved, the need for technology-specific instruments subsides.
The main aim then becomes abatement at lowest possible cost. This is best achieved through a
technology-neutral instrument (applying across all abatement technologies), which leaves the
market to select the most cost-effective abatement options.

? See Annex A for a detailed discussion of cost pass-through.

“ This does not mean that there are not good reasons for introducing carbon prices within an economy in the near term, nor
that such carbon prices would not help in the early deployment of CCS in countries where there are carbon prices. It suggests,
however, that support for CCS in the short term might not be best achieved through incentives that focus only on penalising
emissions.

Page | 11
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Stable but flexible policy framework

Policy credibility encourages investment

Because of the uncertainty of CCS costs and performance and opportunities offered by other
technologies, policy makers value flexibility in incentive policy. However, investors respond
strongly to perceived levels of policy commitment. They are particularly sensitive to policy risk
when assets (such as CCS) are long-lived and heavily dependent on policy support
(Hamilton, 2009).

A potential solution is to set policy within a stable framework, so that the broad architecture and
rules of policy evolution are certain. This may lead to lower costs of finance, greater research and
development expenditure and more effective infrastructure planning and coordination.

Benefits to firms and government

Within a stable framework, breakpoints or “policy gateways” can provide the flexibility required.
They comprise three components:

e the criteria defining when or if policy moves to the next stage;
e the policies within each stage; and
e an outline of how government will react if gateways are missed.

Gateways can be used to link commitment of government and private resources to achieving
certain targets (such as performance thresholds). This allows government to commit funds
without the risk of overstretching its resources or imposing poor value-for-money obligations on
others. In a scenario in which learning benefits turn out to be small, for instance, policy gateways
would allow for cost control without reneging on earlier assurances. For firms, this greater policy
commitment may reduce policy risk and ease financing costs by reducing the risk of asset
stranding.

How gateways work

Many different types of gateways could be put in place within a CCS policy framework (Figure 4).
In a first policy phase, for example, public capital grants and operating subsidies deliver a
sufficient number of projects to test efficacy of the technology. Structures are set up to ensure
collaboration and knowledge sharing between the parties to maximise learning benefits. After an
initial operating period of some years, policy might switch to the next phase, provided that
certain criteria have been met, probably relating to technological efficacy or the development of
commercially competitive uses for CO, in the local market.

A second phase could be a period of larger scale deployment where wider deployment is tried in
at least one sector, even if CCS costs cannot be covered by a carbon price alone. Widespread
deployment, even in one sector, is unlikely to be feasible through public grants, so the emphasis
would switch to private financing with implicit subsidies. These subsidies could take the form of
some kind of quantity commitment, either made by government (such as CO, contracts) or
imposed on the private sector (such as portfolio standards). Such quantity commitment could
help fuel the development of commercial uses by guaranteeing a low-cost supply of CO,. Without
international co-ordination, such subsidy-based policy would be difficult in sectors that are
significantly trade exposed, but it would reduce risk for investors and provide the supply chain
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with confidence about magnitude and timing of investments — overcoming some of the key risks
faced by these players. Policy would evolve beyond this phase only if CCS costs fall below a pre-
defined threshold.

During the second phase, the policy might extend to infrastructure, setting out arrangements for
network development and storage. It might establish codes of practice, liability regimes, rights of
access and franchises, as well as commercial arrangements and protections against the failure of
the network or storage operator.

If CCS technology becomes fully proven at commercial scale, and the supply chain matures, then
a third phase could follow in which CCS is stimulated by a price instrument wherever it is a cost-
effective solution. This might be achieved through a stable economy-wide carbon price, but
narrower, sectoral approaches might also be used. In this phase, long-term planning of
infrastructure development might be appropriate, to build greater interconnection and
resilience.

What happens if the criteria are not satisfied? If the first gateway is missed, then government
may wish to reallocate public support to other technologies that show more promise. If the scale-
up proves unsuccessful and the second gateway is missed, the government could continue with a
moderate carbon price, accepting that it may not lead to CCS deployment, if alternative
technologies are coming forward. In the event that other technology options are not available,
there will need to be a continued focus on CCS development even in the face of higher-than-
expected costs. This might be pursued by continuing CCS-specific support measures.

Figure 4 Possible gateways within a CCS policy framework

Technical demonstration Sector-specific deployment , Wide-scale deployment
|
\ I
| Carbon
.gj— \ ‘!/_____— price
& m Capital grants _ | CCS unit
5 m Operating subsidies m Quantity support | mCarbon price costs
A mechanism |
= H Loan guarantees
8 |
Z |
wv
S |
o
n |
o ]
v,
Second gateway Time

Technical feasibility m Further cost reductions

First cost threshold
Availability of required
storage capacity confirmed

A combination of policies

Five reasons to intervene

m Infrastructure development
m Availability of required
storage capacity confirmed

Five factors may justify policy intervention in markets where CCS could be deployed: externality,
public good, imperfect competition, information asymmetry and imperfect information, and
complementary markets.
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Externality: When a firm’s action causes impacts on others which it fails to take into
account. A classic example is the release of too much CO, from fossil fuel combustion or
natural gas extraction. Another example is the benefit members of a network receive
when new members join, boosting economies of scale.

Public good: When the producer of a good or service cannot prevent others from
consuming it and the good is not used up in the process of consumption. The creation of
knowledge and innovation relating to CCS has some of these characteristics. This
knowledge may be created during a period of research and development or
demonstration (where the explicit intention is to better understand the technology) or
during a subsequent, early deployment phase. The main focus of this report is on
incentives for deployment, and so the latter case is more relevant here. In either case,
without intervention, the knowledge is under-produced. It is helpful to distinguish
between learning about the efficacy of different sorts of technology across the value-
chain (i.e. which technologies work best, or the extent to which there are problems with
leakage in different sorts of storage sites), which has been labelled as “learning from
diversity” (Newbery et al., 2009), and the knowledge obtained by replicating the same
production process many times in a way that allows costs to be reduced (conventional
“learning-by-doing”). Given that CCS requires large, discrete investments, learning from
diversity may be most important.

Imperfect competition:> Where there are a small number of large firms in a market, they
may have the power to affect prices through how much output they choose to supply. In
CO, pipe networks, for example, one firm may be unwilling to offer access to its network
to other firms on fair and reasonable (i.e. cost-reflective) terms. Similar concerns might
also exist in relation to access to storage capacity. The consequence could be a network
that is built too small in extent and capacity, with restricted access to pipeline and
storage and unreasonably high prices.

Information asymmetry and imperfect information: When one person holds more
information than another, or when information is not known, the market will not allocate
resources in an efficient way. This can happen both in product and capital markets. It can
lead to managers not behaving in the best interests of shareholders and having their
capital budgets restricted, or to customers receiving poor quality products. Information
about CCS costs and performance is likely to be unequally distributed, making capital
providers unwilling to provide finance if they are unable to discern good projects from
bad projects. This could hold back investment in good projects.

Complementary markets: When one firm depends upon another to get its goods to
market, and coordination in output planning is imperfect, the system may undersupply
capacity. Examples are CO, pipelines, storage sites and capture plant, which together
form the CO, capture and storage system. If these parts of the vertical chain are under
different ownership, investors in CO, pipelines, for example, may be unwilling to commit
funds as the returns to their investments will depend on potentially unpredictable
decisions made by those investing in capture units and storage space. Investors in
capture and storage face the converse situation.

To achieve the best possible outcome, all these factors would have to be addressed. However,
interventions can create their own distortions or may be designed in such a way that they do not

® Problems of imperfect competition are not addressed in this report as these are found throughout the economy,
necessitating a generic response in the form of regulation by competition authorities.
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correct the market failure as anticipated. It is crucial to minimise these policy failures when
choosing whether and/or how to intervene.

Separate policy instruments for each market problem

While market failures justify policy intervention, it is possible that solving one problem may
create another. This is especially likely if the policy is poorly designed. One of the principles of
good policy design is to appoint a separate policy instrument to tackle each market problem. For
CCS, this means instruments to address each of the five factors identified. Using more than one
instrument towards the same end may have unintended consequences (Box 1).

Box 1 An example of adverse policy interaction

An emissions cap and trade scheme and a feed-in tariff both support renewable power. The reduction
in emissions brought forward by a feed-in tariff does not reduce total emissions, because the total
cap on emissions does not adjust. Instead, the reduction in emissions from the expansion of
renewable power causes emissions allowance prices to fall, causing a rise in emissions elsewhere in
the economy (Fankhauser, Hepburn and Park, 2011). Seebreghts et al. (2010) explicitly note that a
similar risk might arise from the support of CCS. This could be accounted for, in the medium to longer
term, by adjusting the cap to take account of the emission reductions achieved by other policies. The
correct approach is to take account of interactions when designing policies.

Fischer and Newell (2008) find that multiple policies — each aimed at a separate market failure —
reduce emissions more cost-effectively than a single policy in isolation, and Philibert (2011)
broadly concurs. The conclusion for policymakers is that it is appropriate to stimulate CCS using a
combination of policy instruments at any one time, and to make a careful exposition and
justification of what market failure is tackled by each instrument and why this is not corrected by
the other interventions in support of CCS. Recent UK electricity market reform proposals include
such a combination of policy instruments (Box 2).
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Box 2 A combination of CCS initiatives from recent UK electricity market reform proposals

The UK Department for Energy and Climate Change (DECC) has recently proposed a combination of
instruments to achieve decarbonisation and headroom in power generation capacity. In addition to
GBP 1 billion provided to the first CCS demonstration project, and further funding for another one to
three CCS projects, the proposals include the following:

(a) an emission performance standard (EPS), set so that no new coal-fired power stations are built
without CCS (DECC, 2011a);

(b) a carbon price floor (CPF), intended to reduce investment uncertainty and strengthen the
incentive for low carbon electricity generation;

(c) a system of feed-in tariffs (FITs) combined with contract-for-differences (CfD). This in effect
guarantees the price received by the generators if the wholesale power price is below an agreed
level;

(d) a capacity mechanism, to ensure headroom in generation capacity.

As a set of multiple instruments aimed at multiple objectives, these proposals reflect many elements

of the framework described in this report. We have yet to see the impact of the proposed policy, but

it is nevertheless worth noting that the UK proposals constitute the first more comprehensive
approach globally to set CCS policy beyond the first demonstration facilities.

The relative importance of the five market failures identified above will change over time. In
particular, in the earlier stages® achieving learning and overcoming capital market failures may be
the prime reasons for supporting CCS. As the technology matures, the rationale for policy
intervention will evolve (Figure 5). The emissions externality will become more important, and
the associated policy instruments can provide the primary commercial driver for CCS. The need
to address possible problems of market power in emitting sectors and in downstream transport
and storage markets is present at all times.

Figure 5 Evolving rationale for policy intervention

Market failure Example policies Importance over time

carbon tax or emissions

Emissions externality trading scheme

Knowledge as a public feed in tariff, portfolio
good standards
Information asymmetry provision of debt, equity,

and imperfect information insurance, grants, tax credits

Complementary markets regulation

Imperfect competition competition authority

® After sufficient R&D has been undertaken to demonstrate that the technology can work. As noted in IPCC (2005), this has
been achieved by CCS.
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Policy instruments

For each market failure, a number of policy solutions exist. To support policy makers in the
selection of instruments, this analysis examines the pros and cons of the most popular options. It
examines four of the five market failures identified in the last section: externality, public good,
information asymmetry and imperfect information, and complementary markets. Each section
explores broad themes and policy instruments relevant to one issue and presents a table
assessing policy options against appropriate criteria.

Controlling carbon emissions

A variety of instruments

There are six main types of instrument to tackle carbon emissions: an economy-wide
cap-and-trade scheme, an economy-wide carbon tax, a CO, purchasing contract, a baseline and
credit scheme, a feebate scheme and an emissions performance standard.

The first four have the potential to be applied across a number of sectors or the whole economy:

e An economy-wide cap-and-trade scheme caps the total quantity of CO, emissions from
regulated sectors and creates an equivalent number of emissions allowances. Firms
surrender an allowance for each tonne of CO, emitted. They may buy these allowances
from the government for a price or by auction, or may be given a proportion of them for
free. This scheme places a cost on emissions, which firms can avoid by the use of CCS.
The EU Emissions Trading Scheme (EU ETS) is the world’s largest cap and trade scheme.

e An economy-wide carbon tax in which there is a tax on CO, emissions or on fossil fuels.
Firms may use CCS to reduce their tax liability. Norway currently has a carbon tax of
between USD 18/tCO, and USD 70/tCO,.

e A CO, purchasing contract is a legally binding agreement to purchase CO, under certain
terms and conditions from eligible sellers. It creates a liability which has to be funded
either by taxpayers or electricity customers, with government or power suppliers acting
as the contracting party on their behalf. It can be used to pay for CCS.

e A baseline and credit scheme establishes a baseline level of emissions for an installation,
company or sector. This scheme rewards reductions below that baseline by providing
credits that can be used for compliance purposes by those who have exceeded their
baseline or face absolute emission limits in a linked cap-and-trade scheme. Under the
Clean Development Mechanism (CDM), emissions reduction generates credits that can
be sold to countries that have absolute emissions reduction targets under the Kyoto
Protocol (as well as installations within the EU ETS). CCS projects are eligible to receive
credits under the CDM.

The last two, by design, tend to have narrower, sector-specific applications:

o A feebate scheme is a carbon tax with an offset baseline. The tax applies to every unit of
emissions above a set baseline, and tax credits are issued if emissions are below the
baseline. It is possible to set the tax rate and baseline at levels at which there would be
little difference in the cost to firms between paying the tax or investing in a particular
abatement technology, such as CCS.
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e An emissions performance standard is a mandate applying either only to new
investment or to all emitters in a sector, limiting firms or installations to no more than a
set amount of emissions per unit of production. Either every installation complies with
the standard, or the obligations are tradable, so that the standard is met on average
across the sector. For example, there is currently a non-tradable emissions performance
standard of 500g CO,/kWh on new electricity generating plants in California. If the limit is
low enough, it may require use of CCS or other high cost technologies. A non-tradable
emissions performance standard works best where all firms or installations make
identical products, such as electricity. The United Kingdom is also establishing an
emissions performance standard (see Box 2).

Economy-wide carbon prices under a tax or cap-and-trade scheme may be
preferable

Economy-wide carbon prices, set either directly through a tax or indirectly through an emissions
trading scheme, are the most efficient way to control carbon emissions.” They send the same
signal about the value of reducing emissions to each firm or person across all their activities. This
allows emissions reduction at significantly lower cost than if command-and-control regulation or
a narrower, sector-specific approach is adopted. (Both of these impose unequal costs across the
economy.) A further benefit of carbon prices from an economic perspective is that they increase
the prices of emissions-intensive products. This further promotes cost-effective emissions
reduction, although it can raise concerns where lower-income households spend proportionately
more of their income on emissions-intensive products (i.e. energy).

The choice between carbon taxes and emission trading schemes has been extensively debated.
The debate turns on a number of factors, including political economy, uncertainty of costs® and
international scope; and one instrument may be preferred over another in specific cases
(Hepburn, 2006). A more volatile carbon price, associated with cap-and-trade schemes, makes
the returns on investment more uncertain, which may deter investment in high capital-cost
options such as CCS (Laing and Grubb, 2010; Abadie and Chamarro, 2008). This effect can be
mitigated by the introduction of price floors (and ceilings), although these require additional
sophistication on behalf of policy-makers, and they bring the scheme closer in form to a feebate
or tax. Trading schemes have been widely adopted, mainly for two political economy reasons:
first, firms have benefited (at the cost of taxpayers) from free distributions of allowances, and
second, governments have been attracted to direct policy control over the quantity of emissions.

Interventions to create a carbon price are a particularly good example of the possibility of policy
failure. In order to make investments in long-lived low-carbon assets such as CCS, investors need
assurance that the carbon pricing policy underpinning the investment will remain in place.
However, investors might question the future credibility of the policy, especially if it conflicts
with other government objectives (such as keeping energy prices low). Therefore, even in the

7 In non-Annex 1 countries, the carbon price signal is likely to be provided in the short to medium term by some form of
baseline and credit scheme, at either project or sectoral level. This is discussed more fully in the following section.

8 According to the classic paper by Weitzman (1974), under uncertainty, a quantity instrument to control a pollutant such as
CO, is preferred when the additional damage caused by an extra unit of pollution is particularly high (i.e. when the slope of
the marginal damage curve is relatively steep), and a price instrument is preferred when the cost of controlling an extra unit
of pollution is particularly high (i.e. when the slope of the marginal abatement cost curve is thought to be steep). As CO, is a
“stock pollutant” (i.e. the extent of climate change will be determined by GHG concentrations in the atmosphere that have
accumulated since the industrial revolution), this is often interpreted as implying that price instruments are preferred for
combating global warming as the extra damage done by the release of one more tonne of CO; is relatively low. However, in
reality, these economic considerations have been less important in determining the choice between taxes and trading
schemes than some political economy issues.
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presence of a carbon price that currently internalises the GHG externality, the risk of a future
change in policy may deter investors from investment in capital-intensive assets such as CCS. One
solution to this problem is to create an independent agency to determine the key
implementation aspects of a carbon policy — analogous to the role that has been delegated to
central banks in controlling inflation in many countries (Helm, Hepburn and Mash, 2003).

Building on these ideas, a more radical approach to establishing a long-term carbon price signal is
to create a set of long-term permits granting (diminishing) GHG emission rights over the next
century. This is complemented by a “central bank of carbon”, analogous to a classic monetary
central bank, that can issue additional emission permits in the short run, thus influencing the
value of permits. The long-term permits are given out for free to households and firms, creating a
political constituency with an interest in a high carbon price and a private financial motive to
reduce their emissions. Long-term permits would be freely traded, creating a long-term price
signal that gives a degree of certainty for investors, much like a long-term bond vyield curve.
Furthermore, the central bank of carbon can issue additional permits in the short run at a fixed
price, effectively creating a price ceiling or safety valve, to ensure that compliance costs remain
manageable. This hybrid system (McKibben and Wilcoxen, 2007) may be particularly suitable for
encouraging and financing capital-intensive CCS investment: the market for long-term permits
gives investors an idea of future carbon prices and allows them to hedge against volatility. Under
this system, installing CCS technology would bring a greater immediate pay-off, as it would allow
a firm to sell not just a single year’s worth of emission rights in the present, but its entire holding
of long-term emission rights corresponding to the emissions reduction. This front-loaded payout
structure may facilitate the procurement of project finance, thus allowing more CCS projects to
go ahead.

Other policy instruments for specific sectors

There are circumstances in which, rather than an economy-wide carbon price, sector-specific
instruments such as a CO, purchasing contract can be used to correct the carbon externality and
may stimulate CCS. This can be desirable where:

e itis politically difficult to introduce an economy-wide carbon price;
e thereis a need to de-carbonise a particular sector quickly; or

e the economy-wide carbon price needed to meet a particular emissions target results in
adverse economic effects (for example, damaging the competitive position of firms
competing with international rivals that do not face similar controls).

Assessing policy options for controlling carbon emissions

These policy options can be judged against four criteria: environmental effectiveness, cost-
effectiveness, ease of application, and political acceptability (Table 1):

e Environmental effectiveness: This is a function of how widely the instrument can be
applied across different sectors and assets, the strength of the incentive it provides to
invest in abatement, and whether or not it is likely to increase the price of products and
hence reduce demand for emissions-intensive products.

e Cost-effectiveness: This is a function of whether or not the instrument encourages the
least-cost abatement options and whether it helps to reduce costs of the individual
options. For example, the cost-effectiveness of CCS can be enhanced by policy, which
facilitates co-ordination between investment in capture, downstream transportation and
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storage.

e Ease of application: Policies may require different levels of institutional capability, often
linked to the level of discretion used in operating them. The relative lack of information
held by policymakers (compared to companies) may be more or less relevant, depending

on the policy.
Page | 20
e Political acceptability: Policies may be more or less politically acceptable, depending on

familiarity and confidence in the outcome, trust in institutions, impact on special interest
groups, or the distribution of costs between firms, consumers and taxpayers.
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Table 1 An assessment of instruments to control carbon emissions

Policy tool Environmental Cost-effectiveness | Ease of application Political
effectiveness acceptability

Cap- Can be applied across Abatement only The choice of market rules | Provision of free

and-trade wide range of sectors takes place if the may stimulate lobbying, allowances can offset

scheme with knowledge that cap | market reveals that it | especially with more the total cost increase.
will be met. Allowance is needed to meet complex designs. Supports other low-
price volatility may the cap, but cost will carbon options such
reduce policy efficiency. | not be known in as fuel switching and
advance. renewables.

Carbon tax Can be applied across Abatement only An existing tax collection Introduction of a new
a wide range of sectors, | proceeds if it is cost- | infrastructure may make tax may be politically
but emission reductions | effective at tax rate, introduction easier, but challenging, but
will not be known in so cost is controlled. | firms may lobby for expected revenues
advance. exemptions or reliefs. can be used to

facilitate this.

Hybrid: Can be applied across Abatement only Challenging, as new Free distribution of

long-term a wide range of sectors, | proceeds if the institution would be long-term permits may

emission with knowledge that the | market reveals that it | required, but similarity with | greatly ease
certificates cap is likely to be met. is needed to meet monetary central bank introduction and
coupled Overshooting of the long-term cap. may facilitate set-up create a constituency
with central emissions is possible Costs can be procedures. Temptation interested in a high
bank of due to central bank of controlled by the for central bank of carbon and rising carbon
carbon carbon printing central bank of to constantly print short- price. Resistance from
additional permits. carbon, which can term permits is offset by treasury/finance
print additional political pressure of long- ministry is possible, as
permits in the short term permit owners. an opportunity for
run to cap prices. government revenue
is foregone.

Baseline The lack of overall cap Abatement only Requires expertise in Absence of cash cost

and credit limits environmental proceeds if costs are | monitoring and evaluation. | on emissions below
effectiveness. below credit price, the baseline makes it

but lack of penalty attractive to regulated
for emissions may parties.

lead to some cost-

effective reductions

not being pursued.

Feebate Allows some flexibility Abatement made Scope for lobbying for Attractive mixture of
around a target only if costs are less | level of baseline. environmental
emissions level. Difficult | than the fee rate; Technical aspects of certainty and cost
to cover multiple costs are kept within | setting and updating control, but difficult to
sectors with one limits. baseline (sufficient to administer.
feebate. stimulate investment, but

no higher than that) also
very challenging.

Emission Effective in controlling Can impose high Difficult to impose on Attracts little political

performance | emissions. Ambiguous costs by setting the heterogeneous sectors. attention, but may be

standard impact on demand for same standard for Standards are vulnerable fiercely lobbied
goods. Has less effect if | all players, to lobbying, but against. Likely to be
only applied to new preventing comparatively easy to popular with
plant, as life of old plant | efficiencies from enforce, if general GHG supporters of
may be prolonged. trade. accounting standards are renewables, as no
high. More challenging competition for state
otherwise. resources.

CO; Easily measured Can be cost- Care is needed when May be unpopular with

purchase emissions savings. effective, especially drawing up contract, those not offered

contract if contracts have particularly with regard to contracts. There may

long tenor and are
competitively bid

liability arrangements.
Once in place simple to
administer.

be objections to
“paying the polluter”.
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Promoting learning

Learning generates public benefits and merits support

Whether they are classed as part of the demonstration phase of a technology or during
preliminary stages of mass deployment, early CCS projects produce learning effects, which
benefit others who are not directly involved. Knowledge of what works and does not work at
increasing levels of scale becomes public knowledge, as do opportunities for cost reduction.
Everyone benefits, not only the company that makes the investment. This is additional
knowledge, beyond that generated through R&D programmes, which focus more on the
technology components of CCS. As the IPCC notes (IPCC, 2005), individual components of the CCS
technology chain are mature; and what is now required is their integration. Hence the emphasis
in this report on learning obtained during demonstration and deployment.

In contrast to policy instruments that are more or less technology-neutral, the policy instruments
discussed in this section aim to secure knowledge specific to CCS. Success is measured in terms of
cost reduction or deployment of CCS, rather than in terms of abatement achieved. This is the
argument, sometimes explicit, for support of renewables in the presence of carbon prices
(Philibert, 2011).

Learning supported early on by grants, later by quantity instruments

The high unit costs and risks of demonstration projects at this stage necessitate publicly funded
grants. These are being used to deliver early demonstration projects to a total investment cost of
between USD 26.6 billion and USD 36.1 billion (IEA/CSLF, 2010). These have been used as part of
the policy mix in the United States to support CCS demonstration projects (Box 3). After these
initial demonstration projects, there is still much knowledge to be obtained, but the larger
number of CCS plants involved in further learning puts the scale of investment beyond the reach
of many governments. There are increasing benefits from mechanisms that place more of the
performance risk on the private sector.

Faced with a similar challenge in the renewables sector, policymakers have generally tended to
adopt policies that encourage deployment by fixing prices or quantities to make market revenues
larger and more certain, while also placing delivery risk on firms (Vivid Economics, 2010). There
has been considerable debate about whether mechanisms that fix prices or those that limit
guantities have provided the better incentive to develop renewables. A number of studies have
concluded that feed-in tariffs have been more cost-effective at securing capacity (IEA, 2008;
Butler and Neuhoff, 2008; Lipp, 2007). However, in other cases, feed-in tariffs have been
controversial, providing excessive returns to investors. Given that CCS does not generate any
revenues outside the carbon market (with the possible exception of plants supplying CO, for CO, -
EOR), care must be taken when applying lessons from the debate on incentives for renewables to
the CCS context, but a comparison is nonetheless instructive, especially as it highlights important
differences in the cost structure of many renewable technologies compared to CCS.
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Box 3 CCS learning-support policies in the United States

In the United States, two types of policy currently support CCS and help secure early-stage learning:
federal financial support (including grants, federal loan guarantees and operating subsidies) and a
state-level quantity instrument.

The US Department of Energy (DoE) provides co-funding for a large variety of CCS projects, covering
both industry and the power sector. Direct funding programmes include the Clean Coal Power
Initiative, providing approximately USD 800 million in co-funding to one retrofitted and two newly
constructed CCS coal power plants (DoE, 2011a). According to the DoE, this leverages more than
USD 2.2 billion in private finance and may lead to the capture of more than 4.5 million tonnes of CO,
per year (DoE, 2011a). In addition, USD 1 billion in federal funding has been awarded to the
FutureGen 2.0 project, aiming to demonstrate both CCS and oxy-combustion technology. Once
operating, this project is predicted to capture approximately 1.3 million tonnes of CO, per year
(DoE, 2011b). The DoE also provides funding for CCS from industrial sources with a USD 1.3 billion
fund, dedicated to large-scale industrial CCS projects, and a USD 100 million fund, dedicated to
innovative concepts for beneficial CO, use projects (DoE, 2009). So far, funding from these two has
been allocated to more than 25 projects, with the three largest projects “expected to capture and
store a total of 6.5 million tons of CO, per year [..] by the end of the demonstration period in
September 2015” (DoE, 2011c).

Furthermore the federal government has offered up to USD 8 billion in federal loan guarantees for
projects “that employ advanced technologies that avoid, reduce or sequester emissions of [...]
greenhouse gases in the area of coal-based power generation, industrial gasification, and advanced
coal gasification facilities” (DoE, 2008). So far one guarantee has been extended, covering
USD 2.6 billion of loans to Tenaska Corporation for its USD 3.5 billion Taylorville Energy Center, which
may capture and store up to 3 million tonnes of CO, per annum when fully operating (Tenaska, 2009).
The federal government also offers a USD 20/tCO, tax credit for up to 75 million tonnes of
geologically stored CO,, reduced to USD 10/tCO, used in EOR), with a possible aggregate value of up
to USD 1.5 billion (GCCSI, 2009).

The state of lllinois has led the way in introducing a quantity instrument: starting in 2015, the state’s
electric power utilities are required to source 5% of their electricity from a clean coal power source.
While the law expresses a target of 25% by 2025, there is no provision in the current law for a regular
annual increase in the legally required percentage. Plants operating before 2016 qualify as clean coal
as long as at least 50% of CO, emissions are capture and sequestered. This requirement rises to 70%
for plants expected to commence operating in 2016 or 2017, and to 90% thereafter. (lllinois General
Assembly, 2009).

A characteristic of many renewable electricity technologies is that the marginal costs of electricity
production are low and stable.’ Consequently, a fixed price, such as through a feed-in tariff (FIT),
provides reasonable certainty over the profit margin on each unit. However, in the case of CCS in
the power sector, the energy costs of operating the CCS unit are considerable and vary as the
price of fuel changes. When electricity prices change in response to fuel price changes, this
provides a natural hedge. This would be lost under a fixed-price FIT. For this reason, it may be
preferable to pay the FIT as a fixed top-up to market revenue (a premium). This approach has
been used to promote the development of combined heat and power in Germany and, until

° This does not mean that the total cost of renewable technologies (as measured by the levelised cost of electricity) is low. In
many cases, such technologies remain more expensive than conventional thermal generation (without CCS added). However,
in the context of a fixed price, it is the size and volatility of the marginal costs that will determine the profit variability over the
lifetime of the asset.
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recently, biomass electricity in China, with conventional fixed price FITs used for other renewable
energy sources.

A quantity instrument in the form of a portfolio standard requires that an amount or proportion
of output in a market be supplied by CCS-equipped plants. A number of studies have found these
instruments to be somewhat ineffective at supporting renewables deployment (see Carley (2009)
for a discussion in the US context). However, this may reflect the cost characteristics of many
renewable technologies which, as explained above, are well suited to fixed-price incentive
mechanisms. By contrast, in the case of CCS, where costs are unknown and or volatile, quantity-
based instruments may provide greater profit certainty to CCS investors in comparison to a
conventional FIT.*® As with renewable portfolio standards, cost-effectiveness can be improved by
making the obligation tradable, so that those on whom the obligation is placed may either
comply directly or purchase certificates from others who are in surplus. If the trading takes place
through an exchange, it has the advantage of revealing further information about the costs of
CCS investment.

An important potential benefit of a quantity instrument is that it indicates the future level of
demand to developers of transport, networks and storage, so (as discussed in Section 2.4) it
might support the development of CCS infrastructure. Investors in these downstream services
face less volume uncertainty as a result, and more capacity may be built.

Other approaches may be needed outside the power sector

The range of policy instruments to consider in the power sector is wider, because electricity trade
across borders is limited in many countries. In other sectors, the range of options available is
likely to be more restricted (ERM, 2009). For example, without substantial international co-
ordination, it would be difficult to develop arrangements to provide a fixed price (or premium to
that price) on steel or cement products that were produced in plants where CCS was fitted.

Some of the more attractive options that are particularly (although not exclusively) relevant
outside the power sector include:

e Production or investment tax credits which reduce the tax liability faced by companies
operating or installing CCS.

e Payments by governments for each tonne of CO, captured and stored by a CCS plant. The
size of these bonuses could be determined either administratively or by competitive bids.
Like the quantity instruments referred to above, a bidding approach might have the
advantage of providing more demand certainty to downstream transport and storage
providers.

In regions with emission trading schemes, but where allowances are allocated for free, the
funding for these incentive schemes may be met in part by transferring some of the implicit
subsidy associated with the free allocation of allowances.

'%1n particular, tradable certificate regimes have often been criticised for creating a volatile revenue stream which reduces its
value for investors contemplating a renewables investment (Stechow et al., 2011). However, in the case of a CCS tradable
portfolio standard, this volatility may not be as damaging to investor confidence as the certificates would increase in price
when the costs of operating a CCS plant became more expensive (i.e. when fossil-fuel prices increased). This correlation
between costs and the value of certificate could dampen profit volatility, improving investment. It is noteworthy that the IEA
(2008) reports that while FITs have generally delivered more cost-effective renewables deployment than quantity fixing
measures, the results are more ambiguous for biomass technologies which, like fossil plants with CCS fitted, have significant
marginal cost volatility and may be unsuited to fixed price FITs.
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Assessing policy options to promote learning
The following policy instruments could be used to encourage learning benefits:

e capital grant: public funding towards CCS construction (allocated either competitively or
administratively);

e investment tax credits: a reduction in tax liabilities for firms that make a CCS investment;

e production subsidy: a payment for every tonne of CO, stored as a result of a
CCS investment (payment determined administratively or competitively);

e production tax credit: a reduction in tax liability for firms operating a CCS asset;
e FIT: a fixed price for all output where CCS is fitted;
e premium FIT: a premium added to price of all products produced where CCS is fitted; and

e CCS portfolio obligation: requirement that a certain percentage or amount of output be
produced from CCS-fitted plants (can either be tradable or non-tradable).

The criteria used to assess these instruments (Table 2) are the same as those described earlier,
with one exception: to reflect the technology-specific support of these policies, the first column
examines the strength of the investment incentive created for CCS.

Page | 25



A Policy Strategy for Carbon Capture and Storage

© OECD/IEA 2012

Table 2 Policy tools used to tackle knowledge market failures and promote learning

Policy
Page | 26

Investment incentive
for CCS

Cost-effectiveness

Ease of application

Political acceptability

Capital grant

Investment
tax credit

Production
subsidy

Production

tax credit

FIT

Premium FIT

Portfolio
standard

Environmental
effectiveness varies
with size and
conditions of grant; can
be applied to all
sectors and assets.

Incentive depends on
size of credit; can be
applied to all sectors,
but only relevant for
firms with tax liabilities.

Can cover every sector
and encourages
operation.

Effectiveness depends
on size of credit; can
be applied to all
sectors but only
relevant for firms with
tax liabilities;
encourages operation.

Difficult to implement
outside electricity
sector; in electricity
sector, exposure to
fluctuating fuel prices
may lessen
investment.

Difficult to implement
outside electricity
sector; in electricity
sector can be effective
in delivering output.

Unsuitable for sectors
with few plants per
firm; offers quantity
certainty.

May weaken incentive
to minimise lifecycle
costs; government
may fail to pick most
cost-effective projects.

Market selects which
projects to implement.
Does not guarantee
operation of the plant.

High utilisation is
encouraged, and
market selects which
projects to fund.

High utilisation is
encouraged, and
market selects which
projects to fund.

Market selects which
projects to implement;
but increased
exposure to fuel price
volatility may raise
risks.

Market selects which
projects to implement,
and hedging of fuel
costs is preserved.

Unit costs are not
limited, but market
forces may deliver
least cost outcome.

Expertise required to
select recipients and
set appropriate grant

level; prone to lobbying.

Straightforward
administration; some
technical expertise
required to set
appropriate level.

Expertise required to
select recipients and
set appropriate subsidy

level; prone to lobbying.

Expertise required to
select recipients and
set appropriate subsidy

level; prone to lobbying.

Templates transferable
from the renewables
sector, though volatility
of fuel costs for CCS
may require different
contractual
arrangements,

Templates transferable
from the renewables
sector.

Similar expertise
required to other
instruments and
templates transferable
from renewables
sector.

Consumes scarce
fiscal resources; may
face opposition from
supporters of other
low-carbon
technologies.

Consumes scarce
fiscal resources; may
face opposition from
supporters of other
low-carbon
technologies.

Consumes scarce
fiscal resources; may
face opposition from
supporters of other
low-carbon
technologies.

Consumes scarce
fiscal resources; may
face opposition from
supporters of other
low-carbon
technologies.

Country-specific
factors will determine
whether resulting
higher prices have
lower or higher profile
than fiscal measures.
Likely to face
opposition from
supporters of other
low-carbon
technologies.

Country-specific
factors will determine
whether resulting
higher prices have
lower or higher profile
than fiscal measures.
Likely to face
opposition from
supporters of other
low-carbon
technologies.

Country-specific
factors will determine
whether resulting
higher prices have
lower or higher profile
than fiscal measures.
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Capital and financial markets

Investors’ lack of information regarding the performance characteristics of CCS and the capital
costs of setting up new commercial arrangements can discourage, limit or even prevent the flow
of capital to CCS projects. This is only likely to be a difficulty while CCS is an early-stage
technology. Government intervention can help, in effect purchasing knowledge and
disseminating it to capital markets. Over time, as the risks become better known and possibly
decline, the need for intervention may decline, with the private sector more willing to take them
on and provide a greater allocation of capital for CCS projects.

Several approaches to novelty, capital and financial market risk

During the early stages of CCS adoption, capital financial markets may be slow to provide finance.
Capital providers and financial intermediaries may have insufficient knowledge to distinguish
good projects from bad ones, and this may make them reluctant to supply much or any capital.

The public sector, either governments or International Financial Institutions (IFls), can assist in a
number of ways, including direct contribution of capital or risk mitigation instruments:

e Direct contribution of capital: This expands the pool of available capital and helps the
sector to achieve scale and experience. This approach has been used by some
governments to support the development of nuclear power plants where finance
requirements are substantial and there are analogous public policy issues regarding long-
term liability and storage. It requires a high level of sophistication in drafting the terms of
debt or equity participation to avoid dampening incentives to manage projects well. It
only works where the principal project sponsors are motivated to seek co-investment.
Provision of capital is an appropriate policy when the overall level of capital allocation
which private investors are willing to make to CCS falls below the ambition of a particular
policy programme. Public sector capital provision can help relieve such constraints and
bring a sector through its novel phase to a more mature phase.

e Risk mitigation instruments such as credit guarantees and insurance: These tools
explicitly alter the risk allocation, and aim to lever in risk-averse private sector capital. In
doing so, they would have to avoid diluting the project managers’ incentives and
attracting poor quality projects. These instruments may be particularly appropriate for
cross-border investment. These have also been used in the nuclear industry in some
countries, including the United States. In contrast, as noted above, risk mitigation
instruments alter the distribution of risk. Insurance may help when there are specific
risks that deter private sector investment, and insurance can be useful where risks can be
diversified across projects within the sector. Insurance can create problems, however,
particularly if it encourages excessive risk-taking (moral hazard).

Both policies allow the public sector to be involved in supervising projects, which offers
opportunities to acquire information. For instance, all CCS projects that are co-financed by the US
Department of Energy include knowledge sharing as part of the terms and conditions of providing
co-financing.

However, to protect their commercial interests, co-investors may seek to limit the public sector
from sharing the acquired information more widely. If the government is able to facilitate the
syndication of capital to projects once they have become established, it will likely be better able
to distribute information when the project is refinanced. In some cases IFls may be better placed
to provide these instruments than national governments, as discussed in the next section.
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The risks will gradually become better known and controlled, and the private sector will be more
willing and able to take them on. Hence public intervention can be transitory, perhaps limited to
demonstration projects and the first fleet of commercial plants in a sector.

Assessing policy options for capital and financial markets

Given the focused nature of the instruments in this section, in this assessment of policy options
(Table 3) the first column also examines the strength of the investment incentive created for CCS.

Table 3 Policies used to tackle capital and financial market failures

Policy Investment incentive for | Cost-effectiveness Ease of application Political
CCs acceptability
Co- Increases scale more Public participation Requires financial and Depends on existing
investment | quickly and accelerates may enable greater commercial expertise precedents and
equity learning. Gives investor inter-sponsor within government and political outlook.
confidence about long- cooperation and ability to carry out due
term policy because the system integration. diligence on projects.
state is involved. Only works if projects’
sponsors are
supportive.
Provision May give assurance to Will not affect project As above. Depends on existing
of debt other debt providers and costs directly, but precedents and
help to prove commercial may accelerate political outlook.
models. learning.
Credit Effective where projects Any weakening of As above. It may be difficult for
guarantees | are already close to incentives on government to take
achieving a working managers or other on liabilities which
capital structure. investors is to be could be triggered
avoided; otherwise by poor managerial
costs may rise. decisions.
Insurance May help to achieve May enhance As above. It may be difficult for
products broader capital competition between government to take
participation. capital providers, but on liabilities which
may also reduce could be triggered
incentives to control by poor managerial
specific risks. decisions.

Transport and storage

CCS deployment may be affected by a lack of certainty about the provision of transport and
storage infrastructure; and the natural monopolies in transport (and potentially storage) could
create a tendency to under-provide services. Policies may be used beneficially to steer the
development of infrastructure, giving more certainty to capture plant operators, and promoting
adequate provision of infrastructure.

Remedies for lack of certainty in demand for infrastructure

Seeing uncertainty in demand, private investors may hesitate to invest in CCS infrastructure.
Demand for infrastructure services depends on government policy, the development of
CCS technology, the development of substitute technologies and the commercial fortunes of
energy users. A comprehensive infrastructure solution is therefore unlikely to emerge — or,
indeed, be desirable — until some uncertainties have diminished. During early stages of
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deployment, to minimise the scale of assets at risk of stranding, transport infrastructure is likely
to develop as point-to-point links between emitters and stores, or as small clusters linked to
stores. This limits the quantity of capital exposed, and means that some could be delivered on a
vertically integrated project basis.

Over time, vertically integrated bilateral links could be superseded by infrastructure clusters, in
line with CCS deployment in a single sector. This would provide better coverage, reduced costs
through economies of scale, and higher resilience. Government, acting directly or through an
agent, could aggregate volume information from capture plant operators and provide planning of
infrastructure system development.

If and when the widespread deployment of CCS becomes probable, infrastructure clusters may
be combined into an integrated system solution with public supervision. Since volume may be
more uncertain outside the power sector, it may have a role in underwriting a proportion of the
fixed network costs

Policy options to improve certainty for network, storage and capture
operators

To give security to network and/or storage operators, governments could boost demand,
guarantee market share, guarantee returns on capital or underwrite risk on contracts. It could
also undertake a number of these options simultaneously. For example, it could increase the
certainty and level of demand by setting up instruments to buy the output of capture plant (such
as a CO, contract or producer obligation), thereby increasing the volume of CO, produced for
storage. Having done this, it could also require the upstream party to write a take-or-pay contract
where that party must pay the value of the contract, whether or not they make use of the
service. This is easier to implement when the party is state-owned or has some way to pass costs
on to its customers.

A guarantee of demand at market level does not translate into a guarantee of demand for a
network or store operator, because there is a risk that rivals will compete and take market share.
This risk can be eliminated by creating a franchise. A franchise allows competition for the market
when the franchise is being set up, but once it has been set up, there is no further competition
within the market. Certainty is improved for the operator, but there is a loss of the benefits of
enduring competition.

A further possibility is that government could guarantee recovery of costs for network or storage
operators by establishing a claim on other parties, perhaps through a levy or the regulatory asset
base of an established utility whose financing is guaranteed. This is a way to achieve a low cost of
capital, but it comes at the expense of weaker incentives to set capacity in response to market
demand. Finally, the government could write contract insurance to offset counterparty risk.

To give security to capture plant operators, government could introduce a right to connect to the
network and establish terms of contract which provide for compensation in the event that the
network or storage becomes unavailable. Government could also provide a long term for the
contracts and include clauses that ensure reasonable prices and terms upon contract
renegotiation. Counterparty risk could be reduced through a special administration regime for
the network and storage operator, such that the service is sure to continue in the event that the
operator goes out of business.
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Public supervision of market power

Due to economies of scale and land use restrictions, entry into the transport market may be
extremely difficult for competitors once an incumbent is established. Transport infrastructure
may therefore become a natural monopoly, requiring regulatory oversight of pricing and third

party access rights.

Storage may require more or less public supervision than transport. The composition of the
storage market will depend on the geological availability of storage sites, economies of scale and
political choices. In a scenario where the number of independent stores connected to a network
is small and owned by just a limited number of firms, public supervision would be required to
prevent adverse monopoly behaviour. Alternatively, storage could be integrated with transport
or publicly owned. In a scenario with multiple independently owned stores, competition may
flourish, and intervention beyond establishing environmental and safety regimes and providing

for liabilities might not be necessary.

There are inherent advantages and drawbacks to the different models for development and

oversight of storage markets and infrastructure (Table 4).

Table 4 Models for infrastructure development and oversight

Model

Description

Advantages

Drawbacks

Vertically integrated
point-to-point
infrastructure

Local clusters with
government support

Concession for
integrated system

Competitive storage
market

Regulated storage
market

Bilateral link from source to
storage site; integrated
ownership of transport and
storage, possibly by capture
plant owner.

Local sources club together to
fund infrastructure; government
aggregates volume information
to avoid collusion and sharing of

commercially sensitive
information.

Comprehensive system of
transport and storage
infrastructure in common
ownership, possibly with
financially protected regulated

asset base; public supervision of
pricing and third party access.

Geology allows for multiple
storage sites connected to a
transport network; small
economies of scale; small fixed
costs of finding, exploring,
licensing and installing storage;
multiple, independently-owned
stores are connected to transport
infrastructure

Geology allows for few storage
sites; there are large economies
of scale; there are large fixed
costs; only a small number of
stores are explored and
operated.

Vertical integration
prevents storage hold-
up.

Volume certainty.

Greater resilience.
Economies of scale.
Possibility of linking up
multiple clusters.

Risk shared out among
competitors.

Low cost of capital.
High resilience.
Comprehensive
coverage.

Vertical integration
prevents storage “hold-
up”.

Government intervention
limited to environmental,
and safety and liability
provisions.

Competition may drive
innovation and cost
reductions.

Small number of stores
with economies of scale.

Suitable only for
demonstration phase.

Early pipelines may become
obsolete once demand
grows.

Requires government
expertise to process volume
information and plan
infrastructure.

Risk of distorting competition
by favouring some firms
over others.

Risk of stranded assets.
Natural monopoly.

Not possible under point-to-
point transport infrastructure.
Unlikely under cluster
transport infrastructure.

May require public oversight
to prevent adverse
monopoly behaviour.
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Sector and country assessment

Many challenges associated with CCS deployment are common across all sectors where CCS is
feasible, including site selection, monitoring and project approvals. It is easiest to prioritise
learning on these issues in appropriate pilot sectors — those with low trade exposure, low CCS
costs, and high CO, emissions. The processing of natural gas and the power sector (in some
regions) fulfil these criteria, although there may be trade-offs between criteria. The portfolio of
early projects must have sufficient sectoral diversity to meet needs for learning specific to other
sectors. The degree of trade exposure, market structure and country-specific features will
influence the choice and mix of policy instruments. Incentives for CCS in the developing world
might use a baseline and credit scheme, with public support from developed countries and active
involvement of IFls.

Selecting pilot sectors

Many challenges associated with CCS deployment are common across all sectors where CCS is
feasible, including site selection, monitoring and project approvals. It makes sense to prioritise
learning on these issues and then prioritise mass deployment in appropriate sectors. Deployment
across more difficult or costly sectors can follow.

There are a number of factors to consider when prioritising sectors. First, the same incentive may
stimulate more projects in sectors where the cost of CCS is relatively low than in high-cost
sectors, offering greater learning benefits. Second, a trade-exposed sector may require a more
sophisticated set of incentives. This more complicated policy prescription makes trade-exposed
sectors less suitable for pilot projects. Third, a sector with large CO, emissions offers more
opportunities to fit CCS, and more scope for learning, as more projects may be realised and a
wider range of CCS technologies may be tested.

A comparison of the power, cement, steel, natural gas processing and refineries sectors in four
European countries (Germany, the Netherlands, Norway and the United Kingdom) suggests that
the natural gas processing and the power sector may be most suited for early CCS deployment in
Europe (Figure 6). A similar analysis for the United States (Figure 7) shows that the natural gas
processing sector may be best placed for pilot projects, as trade exposure for this sector is lower
than in Europe, although it provides limited scope for later deployment due to comparatively low
overall emissions.

Some of the expected learning will be sector-specific, such as learning to process flue gas with
additional biological impurities (from combustion of biomass) or monitoring leakage in enhanced
oil recovery (EOR) fields. To ensure that this learning is captured, the portfolio of early projects
will need to include some projects in more challenging sectors.

Using captured CO, for EOR may help reduce piloting costs, allowing larger investments and
faster learning. EOR may, therefore, be among the earlier storage options to explore (Box 4).
However, the extent to which EOR can usefully contribute to climate goals is unclear, since it
allows additional extraction and combustion of fossil fuels. Further analysis of these issues is
currently being undertaken by the IEA.
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Figure 6 Comparing power, cement, steel, natural gas processing and refineries sectors in Europe
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Sources: IEA (2009) and Armstrong (2011) (cost: upper end estimate used to reflect early deployment); Eurostat (emissions);
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Figure 7 Comparing power, cement, steel, natural gas processing and refineries sectors in the United States
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Notes: Trade exposure measured as the sum of imports and exports divided by the sum of domestic production plus imports. Power
and natural gas measured in ktoe; steel, cement and refinery products in USD. Bubble size corresponds to total emissions (2008 for
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Sources: IEA, 2009 and Armstrong (2011) (cost: upper end estimate used to reflect early deployment); EPA and EIA (emissions); IEA,
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Box 4 CO,-Enhanced Oil Recovery (EOR) as storage option

One of the storage options available for CO, is as a propellant for the extraction of oil from mature oil
fields, using a process called enhanced oil recovery (EOR). Although approximately 20% to 40% of the
CO,; used exits the field together with the recovered oil (MITEI, 2010), a large share of the CO, does
remain stored underground when the CO, exiting the field is recovered and again injected.

It is important to distinguish between commercial EOR and climate-policy oriented EOR (CPO-EOR).
Commercial EOR currently uses mainly CO, co-produced with natural gas as well as naturally
occurring CO,, and aims to produce a maximum of oil using a minimum of CO, CPO-EOR would use
captured anthropogenic (CCS) CO,, and would aim at producing oil using and storing as much CO, as
possible. This tension is recognised in MITEI (2010): “the EOR operator wants to minimize the CO,
needed for producing a barrel of oil, while the power plant operator and EPA want to maximize CCS”.
In a similar vein, Leach et al. (2009) note that commercial EOR operators are relatively insensitive to
climate policy: “(Cumulative sequestration) is much more responsive to oil-price increases than to
increases in the carbon tax. Only at very high taxes does a trade-off between oil output and
sequestration arise.”

While commercial EOR is a mature process in the United States, with a regulatory framework and “a
few thousand miles of commercial CO, pipeline” in place (MITEI, 2010), CPO-EOR is not yet a mature
technology. The long-term storage integrity of oil fields that have been exploited with multiple wells
has yet to receive serious scientific investigation. For reasons explained above, new technologies that
may improve the ratio of stored CO, to oil production have not been used in commercial EOR and
require testing. A report commissioned by DECC (2010) points out that “some approaches for CO,-
EOR that attempt to better increase CO, storage can store more CO, than is associated with the CO,
emissions over the life cycle of the incremental oil produced from CO,-EOR, including emissions from
consumption”. However, these approaches remain experimental and require large-scale testing
before they can be rolled out.

Furthermore, in order to fully understand the net CO, savings from CPO-EOR, lifecycle analysis of EOR
projects must to be undertaken, accounting for the “emissions from operating the CCS project,
including the energy required to separate and re-inject the more than half to two-thirds of the
injected CO, produced along with the oil” (MITEI, 2010). In sum, firm policy recommendations will
not be made until substantive further research on CPO-EOR is complete.

Locally appropriate policy

Both national characteristics and the features of specific sectors present challenges that
influence the choice of policy instruments.

Trade-exposed sectors

CCS is currently a high-cost method of CO, abatement, because its costs are higher than
prevailing carbon prices. In trade-exposed sectors (such as steel and, in some locations, refining),
unilateral introduction of policy instruments which impose costs on the private sector can, if not
managed carefully, create a risk of displacing manufacturing activity to locations where CCS is not
required. Where government covers the costs of CCS, the risk of displacing manufacturing
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activities is reduced or eliminated.*

Market structure

Concentrated sectors that are already subject to regulation call for a different range of policy
options than sectors with a more diffuse and international supply base. Mechanisms that rely on
competitive interaction between firms (such as a tradable portfolio standard) can only be used
when there are a sufficient number of firms within the sector to allow development of a liquid
market and enhanced competition. A trade-based policy confined to too small a group of firms or
assets may reduce competition.

Country-specific features™

Public sector involvement generally diminishes over time, as learning declines and the scale of
CCS activity increases. However, in some countries greater public sector involvement may be
desirable, particularly if:

e government wishes to manage the CCS programme (for example to ensure a portfolio of
different technologies, to force knowledge sharing or to achieve a particular geographic
distribution of investment);

e government owns the sectors involved;
e CCSis seen as a strategic investment for the country;
e the investment helps to build the country’s technical capability;

e the sectors involved are heavily trade-exposed and the country is working hard to grow
its exports; or

e regulation or political concerns prevent pass-through of costs to customers (in the
electricity sector).

In some countries, it may be preferable to place the burden on the private sector, particularly
when the costs are large relative to available public funds and when it is difficult for government
to commit future administrations to continue the funding.

Another important country-specific factor is sub-surface storage potential. Considerably more
public intervention is likely to be required to regulating access to storage sites in countries where
there are only a few sites than in countries where there are many sites.

The political philosophy and expertise of governments are also important factors (Finon, 2010).
Governments in countries with a tradition of publicly owned companies (such as Norway) may
wish to fund and manage CCS development directly. Governments that have traditionally
favoured private provision (such as the United States) may prefer minimal direct government
involvement.

CCS incentives for developing countries

The IEA CCS Roadmap (IEA, 2009) envisages that the total additional cost of deploying CCS
outside OECD member countries will amount to almost USD 3 trillion by 2050. This is more than

™ As noted earlier, in countries where trading schemes are already in place, the costs of government support may be wholly
or partly compensated by reducing the implicit subsidy provided by free allowance allocation.

2 The challenges associated with CCS incentives in developing countries are discussed below.
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half of the total cost of CCS envisaged in the Roadmap. While the bulk of the early deployment is
expected in developed countries, the Roadmap aspires that, as early as 2020, 50 out of 100
projects will be in non-OECD countries.

Much of the earlier analysis of incentive and financing mechanisms applies equally to all
countries. The same shifts in policy emphasis — from technology-specific to technology-neutral
policies; from capital support to operating support; and from public to private support — are likely
to be warranted in all regions, as is the use of policy gateways to structure these shifts.

However, in the developing world, some important differences must be taken into account.

Setting carbon prices through baseline- and credit-type mechanisms

In the short-to-medium term, many developing countries are unlikely to introduce carbon pricing
and prices are generally quite likely to remain modest. The carbon price signal is more likely to be
provided through some form of baseline and credit scheme that provides financial incentives for
reductions in emissions, but does not impose additional costs when emissions comply with the
baseline.

Currently, this incentive is provided by the CDM, which allows developed countries to meet their
caps by purchasing credits (Certified Emission Reductions) from projects that reduce emissions in
the developing world. Although there is uncertainty about how the CDM will evolve when the
Kyoto Protocol expires at the end of 2012, it seems likely that some form of project-based
crediting scheme will persist. To date, CCS projects have not been permitted within the CDM.
However, at the 2011 Climate Change Conference (COP/MOP) in Durban agreement on the
modalities and procedures for including CCS in the CDM was reached. This allows CCS projects in
developing countries to receive CDM credits.

Possible leakage of CO, from capture sites is a particularly important issue. According to the
Durban decision, the liability for this risk could rest with either the buyer of credits (buyer-
liability) or the seller of credits (seller-liability). In the latter case the host country, in effect,
would assume the leakage risk. The experience of afforestation and reforestation projects under
the CDM is that a buyer-liability regime may substantially reduce demand for carbon credits
generated from CCS projects. This could reduce the efficacy of the CDM, or a similar project-
based crediting system for CCS projects in the developing world. As discussed below, guarantees
and insurance instruments, possibly provided by development banks, could create a seller-
liability regime.

The CDM, or an equivalent mechanism, might provide an important financial contribution to
CCS deployment in developing countries. A recent paper by the World Bank (Kulichenko and
Ereira, 2011) estimates that a carbon price signal of between USD 15 and USD 50 per tonne of
CO, could facilitate between 7 and 26 CCS projects in the developing world by 2020, delivering
26 MtCO, to 80 MtCO, of avoided emissions. Most of these projects will likely be in the natural
gas processing sector.

Much public sector support to come from developed countries

Carbon prices alone will not stimulate the optimal level of CCS investment in developed countries
in the short and medium term, and the same is true in developing countries. Additional public
financing mechanisms are justified. The authors of the World Bank paper (Kulichenko and Ereira,
2011) estimate that realising the goal set out in the IEA CCS Roadmap for deployment in
developing countries by 2020, will require an investment of between USD 1 billion and
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USD 2.6 billion per annum beyond that leveraged by the carbon market (USD 8 billion to
USD 21 billion over the period 2010-20).

The emerging post-2012 framework for international climate finance flows recognises that a
substantial proportion of costs will be met by developed countries. It allows that some of this
may be achieved through nationally appropriate mitigation actions (NAMAs), which will outline
the costs, emissions reduction and timeframe associated with these actions. These will be
matched to offers of support, made available by developed countries through a NAMA registry.
These offers of support could cover both capital and operating costs and could take a number of
different forms, including building capacity, overcoming financing barriers, reducing the costs of
implementing policies (e.g. FITs), and developing and demonstrating advanced technologies that
5are not cost-effective today.™

This post-2012 framework is notably different from the carbon market. First, supported NAMAs
will produce GHG emissions reduction that will act as contributions from developing countries in
the global effort to control climate change; they will not, however, deliver offsets for developed
countries. Second, in most cases, support for NAMAs will begin after developing countries
achieve a certain level of emissions reduction with their own resources through business as usual
(so-called unilateral actions). Depending on the growth pattern of the developing country,
supported NAMAs (e.g. policies, programmes) may produce net reduction in emissions or they
may reduce the amount of growth in emissions that would otherwise occur in these countries.

Developed countries will provide support for CCS deployment in developing countries (through
NAMAs or other processes) partly for political reasons. However, in the context of CCS,
developed countries (and firms domiciled in these countries) can realise some non-political
benefits by supporting developing country mitigation efforts:

e introducing CCS to a variety of environments, including in developing countries, may lead
to greater learning than regionally concentrated pilots in a few developed countries;

e CCS deployment may be possible at lower cost in the developing world;

e firms domiciled in one country may enhance technology leadership by demonstrating the
ability to operate in a range of different locations, laying the groundwork for a strong
position in a global CCS market; and

e benefits of reduced climate change damage accrue globally, no matter where CO, is
captured and stored.

Developed countries with the greatest long-term interest in CCS technology may be interested in
supporting CCS projects in the developing world in order to facilitate wide-scale adoption.
Meadowcroft and Langhelle (2009) identify five motivations for developed-country interest in
ccs:*

e securing revenues from fossil fuel production;
e consuming fossil fuels to promote economic growth;

e promoting energy security;

3 For more details, see Center for Clean Air Policy (2009).

% These motivations relate to the use of CCS to capture emissions from fossil fuel combustion. Somewhat different
considerations may apply in relation to the use of CCS to capture emissions from biomass combustion (BECCS), as countries
where biomass combustion is already significant (such as Brazil and Colombia) may have a greater interest. Although BECCS
(discussed in detail in the next section) is of considerable importance given its potential to generate negative emissions, the
analysis here concentrates on conventional use of CCS, reflecting the global significance of fossil fuel combustion.
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e promoting regional cohesion; and

e facilitating foreign-policy objectives, such as greater earnings from CCS technology
exports.

All else being equal, countries that are more heavily exposed to damages from climate change
will be more motivated to explore CCS to reduce this exposure than countries that do not face
the same threat. Availability of sufficient storage capacity will also influence the extent to which
countries are interested in supporting CCS, although reliable estimates on this remain elusive.

Some of the motivations above can be proxied by various metrics, but others are inherently more
qualitative. An analysis of three of these variables for a series of key developed countries (Figure
8) identifies the United States and Australia as two countries with the greatest motivation for
CCS, and the most to gain from further supporting CCS projects in the developing world. The
proxy for continued revenues from fossil fuel production is proven reserves (ktoe) of coal and gas
(shown on the vertical axis); the proxy for continued consumption of fossil fuels to promote
growth is emissions of coal and gas per unit of GDP (shown on the horizontal axis); and the proxy
for interest in CCS for its contribution to averting climate change is the level of climate
vulnerability (Wheeler, 2011) (shown in the bubbles). Countries that are further to the top right
and with larger bubbles are those which might be expected to have the greatest interest in CCS,
and hence most willing to support CCS in the developing world.

Figure 8 Analysis identifying developed countries most motivated to support CCS in the developing
world
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Sources: Wheeler, 2011 (climate vulnerability); IEA, 2010a and 2010b, and Penn World Tables (emissions from coal and gas
combustion per unit of GDP), BP Statistical Review of World Energy, 2010 (coal and gas proven reserves).

A similar analysis (Figure 9) can be used to reveal developing countries that could have the
greatest strategic interest in CCS deployment, in many cases supported through developed
country finance. This suggests that China, India, Kazakhstan, South Africa, and Uzbekistan (on the
basis of its fossil fuel consumption rates) could be some of the most interested countries.
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Figure 9 Analysis to identify developing countries with greatest strategic interested in CCS deployment
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vulnerability).

Longer public support from developed countries

CCS technologies used in the developed world are likely to require adaptation for use in the
developing world. In such cases, it may be appropriate to subsidise CCS deployment in
developing countries for a longer period, to reflect specific benefits acquired from learning how
to use CCS technologies in these contexts. This support is likely to be in the form of capital, as it is
often difficult for developing countries to credibly commit to long-term multi-year operational
support, and they often face greater challenges in raising capital. Also, removal of public support
for CCS makes it likely that final product prices will rise, causing additional social concerns in
parts of the developing world."

Development banks can help overcome capital market failures

In some developing countries, the challenges associated with deploying capital due to the
uncertainty in CCS technology and policy may be compounded by more general challenges
associated with the national investment climate. The risks include currency volatility, transfer
restriction, expropriation, war and civil disturbance, and breach of contract. These additional
challenges may slow CCS deployment in the developing world, despite the potential to realise
both learning benefits and abatement at lower cost. IFls, such as the World Bank or the Asian
Development Bank, have played a role in surmounting these challenges. IFls could adopt a
number of different strategies to support investment in CCS (Box 5).

1> See Annex A for a detailed discussion of cost pass-through.
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Box 5 IFls could support CCS in developing countries in a number of ways

A common model in IFI engagement is to combine non-concessional loans (financed through the

shareholder equity invested in the IFl) with concessional funds (separately financed through grants

made by donors, often explicitly earmarked to support particular activities). Non-concessional
(commercial) loans help to finance the baseline cost of a project, while concessional loans/grants are

used to finance low-carbon aspects. In a recent example of this framework in South Africa, a non- Page | 39
concessional loan of USD 3.75 billion was used to finance Eskom’s Medupi coal-fired power plant.

This was supplemented by USD 350 million of concessional finance from the Clean Technology Fund

(CTF) towards concentrated solar power (CSP) and wind power. A similar combination could be used

to fund CCS-equipped fossil-fuel power plants: non-concessional loans could be issued to fund the

power plant and concessional funds to finance the CCS equipment.

The CTF, one of two Climate Investment Funds (CIFs), provides a model for IFl involvement in low-
carbon concessional finance. Approved in 2008, it has to date received pledges of around
USD 4.4 billion from developed countries (just over 60% as grants and the remainder as loans). Its aim
is to finance “projects and programs that contribute to demonstration, deployment and transfer of
low carbon technologies with a significant potential for long term greenhouse gas emissions savings”
(the World Bank, 2008). This is achieved by channelling resources through the World Bank and the
various Regional Development Banks (collectively, the Multilateral Development Banks) with the
resources then invested, to varying degrees, on concessional terms. The grant element of funds range
from 45% to 75%.

Although the CTF is currently restricted from supporting CCS projects, a similar model could be used
for concessional loans/grants to CCS projects. The CTF offers developing countries opportunities to
pursue low-carbon development paths according to national priorities, while the involvement of a
number of different institutions helps ensure that technologies can be deployed in a variety of
different geographies. This may be particularly important for CCS as some learning may be region-
specific. However, concerns have also been raised around some operational aspects of the CTF (and
CIFs more generally), particularly related to transparency of decision making (Nakhooda, 2010).

Risk mitigation instruments are an increasingly popular method of supporting low-carbon private
sector investment (the CTF can provide some such instruments) and these are likely to also be
particularly important for CCS projects. These instruments include political risk insurance from the
Multilateral Investment Guarantee Agency (MIGA), which provides insurance against a wide range of
non-commercial risks (e.g. transfer restriction, expropriation, war and civil disturbance, and breach of
contract for cross-border investment). There has been increasing discussion about extending this
insurance against political risk to cover a wider set of policy risks (UNEP, 2009 and Brown and Jacobs,
2011). There may be scope to tailor these instruments to deal with risks unique to CCS, such as long-
term environmental liability and stewardship of storage sites. Alternatively, more general loan
guarantees (transferring part or all of the risk from the lender onto the loan guarantor, irrespective of
the reason for any default) may also play an important role. Some studies suggest that the private
sector investment leveraged by these guarantees can be between six times and ten times the value of
the guarantee (Brown and Jacobs, 2011).

More innovatively, a complementary model might be to facilitate carbon credit sales from
CCS projects through the issue of advance purchase guarantees. IFls, in conjunction with other public
or private sector investors, might agree to buy CCS credits at a predetermined price. The IFl would
seek to certify these credits in a post-2012 carbon offset mechanism. In the event that credits were
verified, the appreciation in value would be shared between the IFl, investors and the CCS project
owners. The IFl here would share in the risk of future carbon offset regulation. By creating a
dependable and predictable revenue stream for CCS projects, access to finance might be improved,
although it would place a large amount of policy risk on the IFI and would only be effective in cases
where projects are fundamentally commercially attractive. It could be modelled on the World Bank’s
Prototype Carbon Fund (PCF), used in the early 2000s to catalyse the project-based carbon credit
market.

In all of these cases, the provision of hard finance is complemented by technical assistance and
capacity building covering technical know-how, environment and safety, liability monitoring, and
reporting and verification.
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Good case for a dedicated CCS fund (or window in existing fund)
administered by IFls

In summary, while project- or sector-based crediting mechanisms will provide a carbon price
signal that can be expected to generate some CCS projects in the developing world, there is a
strong need for further public finance support to meet the goals set out in the IEA CCS Roadmap.
Developed countries will have differing levels of motivation to provide such support, with
Australia and the United States perhaps standing out as having the strongest interest, while
China, India and South Africa could have a strategic interest in receiving such support for CCS.
Much of this support will likely be provided as capital which may be best administered and
disbursed by larger IFls, including Multilateral Development Banks.

One institutional framework that could deliver these outcomes is a dedicated CCS fund (or an
explicit CCS window within a larger climate fund) with resources provided by developed countries
with the greatest interest in CCS. The justification for explicitly separated support for CCS is to
ensure that sufficient resources are made available to generate the expected learning from
CCS deployment in the developing world — even when it may not represent the most cost-
effective short-term abatement option. In other words, the same reasoning that justifies CCS-
specific instrument support similarly justifies CCS-specific financing support. Almendra et al.
(2011) suggest that a figure of around USD 5 billion to USD 8 billion might be appropriate, while
the Asian Development Bank has also called for a multi-billion dollar fund. The fund could offer a
range of different financing instruments including grants and concession lending, as well as some
of the more innovative risk mitigation instruments outlined in Box 5.

Given the experience of the Multilateral Development Banks in providing these instruments,
further developed through the CIFs (of which the CTF is especially relevant), some role for these
organisations in disbursing these resources appears desirable, although governance structures
would require careful consideration. In any case, in light of the substantial investment needs and
the leveraging potential of these more innovative instruments, it is better to allow both private
sector investors and government access to the resources.

The introduction of some competition in access to these resources (rather than allocating
resources according to administrative criteria or on a first-come, first-served basis) would
promote value for money in the use of these funds (UNEP and Partners, 2009; Almendra et al.,
2011). Careful attention would be needed to ensure that the mechanism supports a sufficient
diversity of CCS technologies, in a sufficient number of sectors, to generate the desired learning.

BECCS

Conventional fossil-fuel CCS can at most realise zero emissions, but BECCS (bioenergy with CCS)
can achieve negative emissions. CCS and BECCS are equivalent at the point of fuel transformation
and storage, so CCS is likely to receive uniform incentives regardless of the source of the CO, not
released to the atmosphere. In the case of BECCS, an additional incentive is warranted to reflect
its potential to deliver negative lifecycle emissions. The additional incentive can be applied at the
point of biological sequestration, at capture or at storage.
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An extra incentive for BECCS

BECCS refers to the use of CCS technology to capture emissions from biomass processing or
combustion. It can be used in a wide range of contexts, including biomass power plants,
combined heat and power plants, flue gas streams from the pulp industry, fermentation in
ethanol production, and biogas refining processes (IPCC, 2011). In autumn 2011, one BECCS plant
at commercial scale is in operation in the United States with another three projects due to start
later (Biorecro, 2011).

Contrary to conventional, fossil-fuel based CCS (or renewable generation technologies), BECCS is
capable of achieving negative emissions over its lifecycle. Recent modelling analysis has
suggested that, given current trends in emissions, technologies such as BECCS that reduce
atmospheric concentrations of CO,, are likely to be crucial in order to reach more ambitious
stabilisation targets (Edenhofer et al., 2010). Within a framework aimed at correcting the carbon
externality, an extra incentive for BECCS would reflect its higher contribution to abatement.

How BECCS delivers negative emissions

Conventional CCS can, at most, reduce the rate of increase in atmospheric CO, concentrations.
Over the lifecycle, hydrocarbons are removed from the ground, combusted and then returned
underground. Not accounting for associated mining or drilling, transport and refining activities,
the best achievable outcome is zero net emissions.

BECCS has the potential to reduce atmospheric GHG concentrations. Assuming the cycle starts
with bare ground (rather than established forest), during the production of biomass CO, is
sequestered from the air as the plant grows and stored in solid form as part of the final biomass
fuel. At the point that CO, would otherwise be released to the atmosphere, the emissions are
captured and stored underground. Over the lifecycle, the CO, has been removed from the air and
stored in the ground, reducing the overall stock of CO, in the atmosphere.

A schematic representation comparing lifecycle emissions of conventional CCS and BECCS
highlights the conceptual difference between BECCS and conventional CCS, illustrating how
BECCS can create negative emissions in a way that conventional CCS cannot (Table 5). For the
purposes of this schematic representation, it is assumed that, in the case of BECCS, the amount
of CO, released from fuel transformation and subsequently captured is the same as was
biologically absorbed, and that the emissions from fossil fuel combustion and biomass
combustion/processing are identical.

Table 5 Comparing lifecycle emissions of conventional CCS and BECCS

Conventional CCS Biomass energy with CCS
Biological sequestration -1
Fuel transformation 1 1
Capture and storage -1 -1
Lifecycle emissions 0 -1

Note: These numbers do not represent actual emissions and do not reflect a number of lifecycle emissions associated with BECCS,
such as direct and indirect land-use change.
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Implementing the BECCS incentive

CCS and BECCS are equivalent at the point at which the CO, would otherwise be released into the
atmosphere. A distinct set of incentives applies to capture and storage, independent of the
source of the CO, emissions. The additional incentive for BECCS — required to reflect negative
lifecycle emissions — is applied on top of this. The additional incentive can be applied at biological
sequestration, at capture or at storage.

One set of incentives for capture and storage for both fossil fuels and
biomass

At the point of fuel transformation, both fossil fuels and biomass would normally release
greenhouse gases. Although it may use different technologies, capture equipment would fulfil
the same function on each fuel: preventing emissions from reaching the atmosphere. This may be
reflected in one set of incentives for capture and storage technology — independent of the fuel on
which the equipment ultimately operates. BECCS could be eligible for all incentives that apply to
conventional CCS. *°

Three options for when to apply the additional incentive for BECCS

To reflect the negative lifecycle emissions that BECCS is capable of achieving, an additional
incentive could be applied to biological sequestration, or capture, or storage (Figure 10).

Figure 10 BECCS lifecycle emissions can be recognised at one of three points

2

Notes: 1. Biological sequestration. 2. Capture. 3. Storage.

There are advantages and disadvantages to each point of application (Table 6). The advantage for
policymakers of providing the extra incentive at capture is that they can use the same basic
administrative infrastructure as for incentivising CCS from fossil feedstock (Azar et al., 2006).
However, some countries may wish to put the BECCS incentive at biological sequestration if this
fits better with their biomass policies.

16 See Groenenberg and Dixon (2012) for a review of the status of BECCS within the European Emission Trading Scheme.
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Table 6 Advantages and disadvantages of BECCS incentive options

Point of application

Example of
implementation

Advantages

Drawbacks

1. Biological
sequestration

2. Fuel
transformation
and capture

3. Storage

Credits provided for
afforestation/reforestation
under the Kyoto Protocol
and credits for biological
sequestration in New
Zealand ETS.

BECCS receives a
multiple of the general
operating support given to
capture equipment.

Carbon from biomass
combustion eligible for
discounted storage costs.

Does not discriminate
between different
downstream usages of
biomass.

Encourages innovation in the
production of biomass.
Could be extended to other
sequestration technologies in
future.

Easy to implement using the
same administrative
infrastructure as normal
CCS.

Encourages delivery of
captured carbon all the way
to storage.

Requires good scientific
understanding of sequestration
process, including LULUCF and
ILUC impacts.

Implementation may be costly if
covering all producers of biomass.

Calibrating support to reflect the
additional abatement may be a
small challenge.

Risk of supporting unsustainable
biomass.

Similar to (2)

Careful accounting may be
necessary to prevent cheating, for

example through re-labelling.

Abbreviations: LULUCF: land use, land-use change and forestry; ILUC: indirect land-use change

More research needed on accounting of BECCS

The idea of BECCS has been considered for more than a decade (Obersteiner et al., 2001), and
some of the challenges of how to account for it have been resolved. For the power sector, some
overall assessments have been produced (Uddin and Barreto 2008), taking into account
emissions from harvesting, transporting and processing. Transport, storage and further factors
continue to be investigated in depth (Broek et al., 2008).

However, uncertainties remain. In particular, the cultivation of biomass may lead to
deforestation or other forms of land-use change in the immediate physical location where the
biomass is cultivated (direct land-use change), but also in physically more distant locations
(indirect land-use change).”” In the latter case, this may be difficult to attribute and monitor,
although it may compromise the lifecycle emissions savings that BECCS could achieve. Estimates
of BECCS total lifecycle emissions (including activities required to cultivate, harvest, transport and
process combustion-ready biomass), have not yet been conclusively ascertained,™® but progress
has been made on understanding the impact of indirect land-use change.”® A solid scientific
understanding of these may be a crucial pre-condition for well-calibrated BECCS support.

Interestingly, incentive policies themselves could be designed to elicit this information. DeCicco
(2009) proposes using a conservative default emission factor, with scope for producers and users
of biomass to demonstrate the superior performance of their particular biomass product chain;
the costs of attempting to demonstrate this superior performance would only be incurred by

7 Rhodes and Keith (2008), for example, investigate the trade-off between food production and biomass for energy
production.

'8 For instance, Chum et al. (2011) report that, even excluding the impact of land-use change: “review studies report varying
estimates of GHG emissions and a wide range of results have been reported for the same bioenergy options, even when
temporal and spatial considerations are constant”.

9 Havlik et al. (2010) give an assessment of the so-called ILUC effect associated with biofuel targets, using a bottom-up partial
equilibrium model which integrates the agricultural, forestry and bioenergy sectors.
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those who had a good chance of success. Such process could also then lead to additional
incentive provided for biomass that achieves superior performance.

Incentives for BECCS require appropriate emissions accounting

Emissions from bioenergy may currently be under-reported in Annex | countries -- not due to a
lack of scientific expertise, but due to current accounting policy. An IEA Working Paper (IEA,
2011) examines the implications for emissions accounting when CCS is used in conjunction with
biomass. When biomass is combusted, emissions are given as zero in the energy sector, since the
released CO, was previously removed from the atmosphere during cultivation of the biomass,
releasing no new CO, into the atmosphere. Processing and other lifecycle emissions are
accounted for in the LULUCF category, and are hence not attributed to combustion. However, in
the first commitment period of the Kyoto Protocol, accounting for emissions and removals from
land management activities in the LULUCF sector is voluntary for Annex | countries.”> Where
LULUCF emissions are incompletely reported or not reported at all, biomass energy can
erroneously appear to cause zero emissions over its lifecycle.

In order to properly assess the net impact of BECCS on emissions, it is crucial to have a thorough
scientific understanding of the lifecycle emissions of BECCS, and to update accounting policy to
ensure, to the best extent possible, accurate and mandatory reporting. This should be a pre-
requisite for supporting and incentivising BECCS as a carbon reduction technology.

Conclusions

This report points out the benefits of a balance between policy certainty and flexibility as
CCS develops. This approach recognises the advantage to governments of having flexibility to
respond to new information and the benefits to investors of certainty in financial performance.
To achieve this balance, the report proposes a policy framework where the policy mix would
evolve over time, with explicit phases of policy punctuated by break points or “gateways”. These
gateways would allow a smooth transition between current policies, which focus on learning how
to reduce costs of the technology, and future policies, which will offer incentives to stimulate
take-up of CCS wherever it is cost-effective to do so.

Markets can be made to function better, in particular to promote learning through the early
period of deployment. This learning has some characteristics of a public good — a feature which
justifies governments in intervening to secure it. In developed countries, after the current phase
of grant-based support expires, quantity instruments may be most effective in securing learning.
Where institutional arrangements allow, a premium FIT (i.e. a fixed increase to the price of
products supplied from plants where CCS is deployed), may be an effective alternative. In
developing countries, the same findings hold, but there may be a case for longer retention of
grant-based policies or other support for financing CCS investment.

Given that learning may occur in any location, an international policy framework to promote
learning is desirable. Learning can be delivered most easily in the power-generation sector, which
in many countries is able to absorb costs with less distortion of international competition than
trade-exposed sectors —although a proportion of costs will still be passed on to trade-exposed
consumers. Other sectors, which might adopt the technology early because it is less costly to do

% currently it is mandatory to account for afforestation, reforestation, and deforestation, while it is voluntary to account for
forest management, grazing land management, cropland management and revegetation.
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so, include industries where a CO, stream is created as a result of existing productions processes
(e.g. natural gas processing, sugar fermentation and some chemical industries). The programme
may also be introduced first in low-cost locations, i.e. those where technical expertise and the
supply chain are available, and contract and policy risk — and energy prices — are low. Learning
support could be funded mostly, or indeed entirely, by developed countries.

At the end of the main period of learning, once a limited programme of deployment has been
completed, the focus will turn from learning about CCS technology, to providing incentives for
cost-effective abatement. If CCS costs have fallen sufficiently the optimal approach will be
through a broad multi-sector or economy-wide carbon price. This will encourage CCS only insofar
as it is less costly than the carbon price, where the price may be set either directly as a tax, or
indirectly in an emissions-trading scheme. If CCS costs have not fallen substantially, but no other
alternative technologies have emerged that offer the same abatement potential, then narrower,
sector-specific policies to support CCS, such as emissions performance standards, may be
preferable.

From the perspective of CO, network development, there are benefits from greater certainty in
demand, but this may carry little weight because a network would be a relatively small
component of the cost of the entire CCS system; and it is possible to build a network
incrementally, from bilateral connections and clusters, by adding links to make an integrated
system. The more important issues for network provision are likely to be coordination between
prospective users, the oversight of access conditions, and pricing.

Where emissions from bioenergy use are captured and stored, the amount of CO, in the
atmosphere is reduced. This could be rewarded through incentives to growers or harvesters, or
through additional incentives at the capture plant or CO, store. Each policy option has
advantages and drawbacks, with ease of implementation and support of biomass policies being
key considerations.

CCS technology is of fundamental importance in the effort to reduce global emissions and avert
dangerous effects of climate change. It will need to evolve from a largely untested technology to
deployment at scale around the world, possibly at unprecedented speed. Policy for CCS needs to
be flexible, yet able to provide investors with enough certainty to make substantial financial
commitments. Balancing these competing interests will be a substantial challenge.
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Annex A: cost pass-through

Market and regulatory characteristics determine how costs are allocated between firms and
consumers. CCS incentive mechanisms may place the costs and risks of CCS deployment on the
private sector (firms and/or consumers) or on the public sector. In the case of the private sector,
market and regulatory characteristics determine where the costs of policies ultimately fall.

In discussing the final cost incidence, it is helpful to distinguish between electricity markets
(where storage is very difficult and where regulation is often prevalent) and industrial sectors. It
is also important to distinguish between the higher marginal costs of CCS operation (the cost of
producing each additional unit of output) from the fixed (mainly investment) costs of a capture
and storage unit.

Electricity markets

In a competitive wholesale electricity market, prices reflect the marginal costs of the most costly
installation producing electricity at that point in time. This plant is known as the marginal plant.
The remaining plants receive a price in excess of their marginal costs. These are known as infra-
marginal plants.

In most electricity markets, the rate at which the higher marginal costs of CCS are passed on into
wholesale prices depends on whether CCS is installed on the marginal plant. If CCS is installed on
the marginal plant, then the additional marginal costs of CCS will be reflected in a price increase.
CCS may change the identity of the marginal plant. The ordering of plants from lowest cost to
highest cost (the merit order) may change when the costs of production of some plants increase.
What matters is whether CCS is installed on the marginal plant as defined in the new order.

Fixed costs are typically recovered through infra-marginal rents: the difference between prices
and marginal costs received by all units other than the marginal plant. If these rents are sufficient
to cover the additional fixed costs of the CCS operation, then the investment will proceed and the
higher fixed costs will not affect wholesale prices. Otherwise, capacity would have to exit or not
enter as quickly, leading to an increase in prices and infra-marginal rents, allowing the additional
fixed costs to be recovered (see Figure 11).

Regulation might alter these dynamics. For instance, it may allow the costs incurred by the
plant(s) installing CCS to be shared across most or all companies in the sector (at which point
they will be passed through) or to be directly identified as an additional component when
calculating consumer bills. This is, for instance, how additional costs of FITs to support renewable
electricity generation are often allocated. Alternatively, regulation may prevent any pass-through
of higher costs into prices, as is the case in some developing countries. In such cases, costs would
either be met out of the rents that the company was previously making or through some form of
implicit or explicit subsidy support from government.

If CCS is a cost-reducing investment, brought about by high carbon prices, then these dynamics
reverse. In this case, CCS reduces a plant’s marginal costs. However, the logic as to whether
consumers benefit from this cost reduction is the same: if the marginal plant has lower marginal
costs after the installation of CCS (recognising that the identity of the marginal plant itself may
change), then consumers will see a reduction in prices. Otherwise the benefits of cost savings will
accrue to producers. If entry becomes more attractive as a result of the installation of CCS, then
this will stimulate longer-term price reductions.
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Industrial settings

In industrial settings, prices are typically determined by the collection of decisions each individual
firm makes about output or production. In turn, these supply decisions depend mainly on the
marginal costs of production: firms with lower marginal costs will find it profitable to produce
more than firms with higher marginal costs.

The most important factor determining whether or not changes in marginal costs are ultimately
reflected in prices is the proportion of the market affected by the cost change. For instance,
where CCS increases marginal costs:

e If many firms are affected by higher marginal costs, then all firms cut back on production and
the reduction in supply causes prices to rise. The result is that most of the marginal cost
increase is passed through.

e If only a few firms are affected by higher marginal costs, then the cut back in production
either makes little difference to total supply or, to the extent it does, the resulting price
increase stimulates firms whose costs have not increased to raise production levels, thereby
depressing prices. In either case, prices do not ultimately rise significantly and there is limited
pass-through of the higher marginal costs.

The logic is reversed in cases where CCS is an investment to reduce costs (i.e. where CCS is
incentivised by high carbon prices):

e if most firms reduce their costs by installing CCS, then these marginal cost reductions will be
reflected in prices.

e if only a few firms benefit from lower costs then these firms will keep the benefits.

A number of other factors could affect the extent to which higher marginal costs get passed
through. These include the price elasticity of demand (if demand is more sensitive to prices, then
cost pass-through may be lower) and the intensity of competition provided by firms not affected
by the cost increase (if these firms do not compete intensely, then cost pass-through may be
higher).

Finally, the higher fixed costs of a CCS plant may only affect prices if the higher fixed costs cause
firms to exit the market. Otherwise, the additional fixed costs will be absorbed by firms.

Carbon leakage

A consequence of the inability to pass through higher marginal costs of CCS is the risk of carbon
leakage. As explained above, if costs fall on some firms but not others, production may shift from
firms where CCS has been installed to where it has not. The result would be lower environmental
gain. Therefore, when assessing whether or not to impose additional costs relating to
CCS deployment on industrial sectors, it is appropriate to assess whether the firms face
significant competition from locations that are not placing similar obligations on firms.
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Figure 11 Factors influencing cost pass-through in different markets

Page | 52

i If higher fixed costs not !
E covered then capacity will |
! exit the market (not enter :
! as quickly) allowing larger E
! 1
! 1
B |
B |
' 1

&
Potentially If CCSﬂinstalled on
by-passed by regulation Sl s, e

infra-marginal rents until

fixed costs are also In competitive higher/lower marginal
oovered ] electricity &) E5iE e ey
markets, [oToTmmmmmomeee g
wholesale m | COSmEyElice: |
. 1+ which plant is i
prices reflect % i marginal i
In the short run, prices the marginal lozseszezezozcazoat
are determined by CCS increases cost of the last If CCS installed on infra-
marginal costs i.e. the marginal costs & kWh supplied marginal plant, then
additional costs |:> (reduces if higherflower marginal
associated with producing incentivised by % costs not passed through
another unit of output high carbon
prices) If most firms in market

In less competitive
markets, prices ﬁ
reflect output

---------------------------- decisions of all firms.

If higher fixed costs not covered Output decisions %

then firms will exit the market

allowing remaining firms to price

further above marginal costs

until equilibrium reached with
costs covered

face higher costs, then
costs passed through to
prices

1

E If most firms in market do
! not face higher costs, then
H costs not passed through
!

1

1

determined by costs

& )

Fommmmm



International
Energy Agency

1€a

Onl
: lg%kshop

Buy IEA publications

S i
$ online:
: www.iea.org/books
&% PDF versions available
"E at 20% discount

Books published before January 2011

©
%
% - except statistics publications -
4 o .
9’,8_ are freely available in pdf
P i
%, iea
5739
Paris Tel: +33 (0)1 40 57 66 90
€dex 15, France
E-mail:

books@iea.org



International
o Energy Agency

lea’

g rue de la Fédération
75739 Paris Cedex 15

www.ied.org






