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THE CHALLENGE
Climate change

Innovation and policy

Man-made climate change is largely a result of the ways
that humans currently produce and use energy. To limit
climate change to a safe level we need to transform our
energy systems – and do so within a short timeframe.

Innovation is crucial to achieve the necessary technological
shifts in the electricity sector. And strong policy intervention
and effective governance are also necessary to support that
innovation, internalize environmental costs and benefits,
and overcome the inertia of the energy system.

Such a shift demands a combination of actions: behavioural change to encourage energy conservation; systemic
change to reduce energy demand; improvements to the
efficiency of existing technologies; and expansion of lowemitting alternatives to traditional fossil-fuels.

Which policies and conditions support and drive innovation, and which hold it back? This study aims to answer
these questions via a comparison of how PV and CCS are
developed and used in two regions – the EU and the US.

This report
This study focuses on innovation in low-emitting technological alternatives for the electricity sector, in particular solar
photovoltaics (solar PV) and carbon capture and storage
(CCS).
Technological change will be crucial in the electricity sector,
as power generation stands for between one-third and
one-half of all global CO2 emissions. Global electricity
use can also be expected to increase. CCS and PV technologies play major roles in most scenarios for abatement
(reduction) of greenhouse gas emissions, and to make the
necessary reductions will require additional development
and innovation.
Electricity generation is one of the least innovative sectors
in the economy. It is dominated by a few main technologies, private sector R&D spending is relatively low, and the
product is ‘invisible’ to the consumer. Technological change
is also slow-moving: investments are big, infrastructure is
long-lived, and markets do not form easily. Yet the challenge of limiting climate change must be met within the
lifetime of a single power plant.
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Figure 1: Contribution of different power-sector technologies to emissions abatement 2050. Note: Abatement beyond Business As Usual
scenario. Source: IEA Energy Technology Perspectives, 2010.

THIS REPORT
Geographical scope: the US and Europe

Key questions

This study focuses on the EU and the US because Europe
plays a leading role in both developing and deploying
solar PV and CCS, and the US has been a major driver of
R&D in both these technologies. The US is also tipped as
the next main market for solar PV and, because much of
its electricity supply comes from coal, it has big potential
for CCS.

Across regions and countries various factors – the policy
context, market structures, the amount of support for
research – interact to bring about differences in innovation
capacity. These different factors combine to form an ‘innovation system’, with each part of the system being relevant
to ‘innovative potential’.
This report asks three main questions:
• What hinders and what drives success in the innovation
systems for solar PV and CCS in the EU and the US?
• How does the geographical scope of the respective
systems affect the innovation process?
• Which policies contribute to innovation and effective
deployment of new technology?
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The technological innovation system concept
Global
dimensions

CCS-US

CCS-EU

The ‘technological innovation system’ (TIS) concept is the
basis for this study. TIS analysis focuses on specific technologies, and stresses that in a given TIS there are a number of
processes (functions) that operate at the same time, many
of which are hindered or enabled by different governance
factors (e.g. facilitated by subsidies or procurement strategies). These include familiar processes like knowledge
development and diffusion (which can be enabled through
R&D support), or market formation (facilitated by subsidies or procurement strategies). But the TIS concept also
encompasses other factors, such as how society’s overall
vision for a technology guides its development (called the
‘direction of search’), and the ways in which societies come
to accept a technology or not (legitimacy).
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SOLAR PHOTOVOLTAICS: AN OVERVIEW
Solar photovoltaic (PV) power is one of the fastest growing
energy technologies – in the past decade, the photovoltaic
market has grown by 50% per year, and installed capacity
has increased from 0.1 GW in 1992 to 36 GW in 2010.
Scenarios envision that by 2050 solar PV capacity could
reach 1600 GW or more, generating 5% of global electricity and providing 2% of needed CO2 reductions.

Thin film technologies are extremely thin layers of photosensitive material fixed onto glass, stainless steel or plastic.
Thin film cells consume less raw material than crystalline
silicon PVs, are cheaper to produce and, because they are
so thin, can potentially be integrated into different building
materials.

Solar PV: technologies and applications

• Off-grid domestic systems (typical capacity 20kW);

Crystalline silicon is the most used and most mature PV
technology, accounting for around 90% of PV systems installed each year, but its market share is predicted to drop
to around 50% by 2020.

• Off-grid non-domestic systems (e.g. for water pumping
or navigational uses);
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Figure 3: Solar PV cost and capacity. 2001-2010 data from International Energy Agency Photovoltaic Power System Programme (IEA
PVPS); 2010-2050 data based on IEA 450 Scenario.
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• Grid-connected distributed systems (installed on public
or private buildings providing electricity to grid-connected customers or directly to the electricity network;
typical capacity 1MW);
• Grid-connected centralized systems (that function as
centralized power stations; typical capacity greater
than 1MW).

7.0
6.0

PV power systems have four main types of application:

These different applications have different development
requirements and in some cases require different incentives and infrastructure.

Research and development

Industry trends

A key aim of R&D is to make solar PV competitive with
other sources of electricity (‘grid parity’). Cost gains come
mainly from innovations in the manufacturing process,
and historically costs per watt have decreased significantly
with installed capacity. Costs over the last 10 years have
been volatile because of pressure on the supply chain, but
have declined rapidly since 2009. The IEA suggests that in
2020 grid parity will be reached in many countries.

The PV industry is dynamic and the role of different companies and countries in global supply has changed in recent
years. Figure 5 shows the countries that currently play a
major role in the PV value chain.

The potential to drive down costs attracts spending on R&D.
Solar energy has the largest share of worldwide spending
on R&D for renewable energy, totalling USD 3.6 billion in
2010. Corporate R&D spending on solar energy was four
times larger than for wind.

Although more than 1000 companies are involved in
manufacture of crystalline silicon technology, and more
than 30 produce thin film, production and supply of key
materials and equipment is in the hands of a few key
players. There is also a trend towards fewer and larger
companies, and price pressure at all levels of the value
chain – a trend accelerated by the recent financial crisis.

0.50
IEA PV Roadmap High
IEA PV Roadmap Low
EPIA PV Europe High
EPIA PV Europe Low

0.45
0.40

USD/KWh

0.35
0.30
0.25
0.20
0.15
0.10

Current fossil power cost range

0.05
0.00

2010

2015

2020

2025

2030

Figure 4: Projections for levelized cost of electricity (LCOE) from solar PV, compared to 		
current costs of coal- and gas-fired power. Data sources: IEA, European Photovoltaic Industry
Association.
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Figure 5: 2009 market share and PV generating capacity of leading countries in the solar PV value chain. Source: IEA PVPS.
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SOLAR PV IN EUROPE: THE INNOVATION SYSTEM
There is a range of players in Europe’s PV innovation
system. The European Commission is a key funder of PV
research, primarily through its framework programmes,
and many of the leading PV research institutions are also
found in Europe. Other important actors include industry
associations; banks, including the European Investment
Bank; and businesses throughout the value chain from cell
producers to system operators.

Europe has played a leading role in the development of
solar PV, in terms of both market formation and R&D.
European countries make up around 75% of the global
PV demand, with Germany by far the biggest market in
Europe. Estimates of how much electricity solar PV could
contribute in Europe vary – from 3.9% to 19% by 2050.
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Market pull policies

Technology push policies

European renewables markets have so far depended on
policies that stimulate market demand – direct economic
subsidies in particular. Such policies are set at the national
level, but linked to the EU-wide targets of 20% renewable
energy by 2020. The other elements of the so-called
20-20-20 targets, relating to greenhouse gas reductions
and energy efficiency, have had less relevance for PV
investment.

Such policies are intended to drive new technologies
onto the market through R&D. The budget for PV support
administered through the EU framework programmes
(FPs) accounts for about 6% of total spending on PV R&D
in the EU. National support from EU countries accounts
for 35%, with the rest provided by the private sector. The
European Commission also supports innovative PV companies through the Solar Europe Industry Initiative (SEII)
under the SET-Plan. The Commission has set the target of
reducing the cost of grid connected PV electricity in Europe
to 0.10–0.25 EUR/kWh by 2020.

The key driver of the global PV industry in recent years
has been policy at the national level, particularly German
subsidies, which have served as a model for many other
European countries.
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Figure 7: Investments in Photovoltaics under FP6 and the first four calls of FP7. After Menna et al (2010) European
Photovoltaic Actions and Research Programmes 2010.
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SOLAR PV IN EUROPE: POLICIES, DRIVERS AND BARRIERS
European policies are seeking to maximize PV deployment
while at the same time drive down costs. These objectives
and associated policies dynamically interact with one
another.
In Europe, feed-in tariffs have been the most effective
measure for stimulating deployment of renewable technologies. The aim of the tariffs is to ensure as many solar
PV installations as possible, while encouraging competition
between PV manufacturers to reduce costs.
Tradable green certificates (TGCs) are another, less
common form of subsidy used to encourage PV deployment in Europe. TGCs are well suited to increasing the
percentage of renewable energy in the electricity mix
at the lowest possible cost. On the other hand, feed-in
tariffs are preferable if the goal is to promote technology
development or to stimulate the market for less mature
technologies.

Direct market stimulation is vital for progress, but it is difficult to set tariffs at an optimum level: if tariffs are set too
high they may soften competitiveness and weaken learning; if set too low they do not encourage the desired level
of deployment.
Evidence suggests that in recent years European tariffs were
too high, and many are now being adjusted. Emerging
best practice is to regularly revise tariffs to align them with
cost developments, and in some cases use ‘reverse auctions’ to secure more cost-competitive deployment.
Feed-in tariffs and the focus on deployment in Europe have
driven the internationalization of the PV industry, lowering
production costs. Current plans to decrease tariffs in Europe
are likely to have knock-on effects for PV at the global level,
with a period of over-capacity already under way.
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Figure 8: Solar PV cost and capacity in OECD Europe. 2001-2010 data from IEA PVPS; 2010-2035
data based on IEA 450 Scenario.
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SOLAR PV IN THE UNITED STATES
The US plays an important role in solar technology development and innovation, though it lags behind the EU
in solar PV installations, and both Europe and East Asia
in PV manufacturing. The federal government maintains
long-standing hubs of solar PV research and development (e.g. the US Department of Energy and national
laboratories) as does the private sector (Silicon Valley). In
2009, US government spending on R&D for solar energy
amounted to nearly USD 200 million – approximately a
quarter of global spending on solar R&D. The US is second
only to Japan in the number of patents issued for solar PV
technologies in the past 30 years. The US has considerable
potential for solar energy, particularly in the south and west
of the country.
The US Department of Energy (DOE) helps coordinate
solar PV R&D activities, providing funding and coordinating stakeholders. Other key players include:

Nevada

• Solar technology suppliers: There has been dramatic
growth in the manufacture of solar PV components in
the US and by US-based companies in recent years.
Total exports were USD 2.3 billion and net exports
exceeded USD 700 million in 2009.
• Venture capitalists and other investors: Venture capital
investors typically fund development, testing and piloting of new devices and concepts. In 2008, venture
capital and private equity investments in solar technologies totalled USD 2.3 billion.
• Utilities: In the US, utilities are key players in installing
solar PV, though regulated prices often limit utilities’
options.
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Figure 9: US States by installed PV capacity. The 10 ’yellow’ states account for more than 90% of
installed capacity. California accounts for around 65%. Source: NREL Open PV Project.
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Figure 10: US DOE Budget Authority for Solar Energy R&D. After Gallagher and Anadon (2011)
DOE Budget Authority for Energy Research, Development & Demonstration Database.

Market pull policies

Technology push policies

The US federal government approach to market pull
strategies is far less comprehensive and ambitious than
the EU’s. The two key demand-side policies are the Energy
Policy Act (EPAct) of 2005, which sets the investment tax
credit (ITC) for commercial and investor-owned utility
installations at 30% of the cost of the solar systems; and
the American Recovery and Reinvestment Act (ARRA) of
2009, an economic stimulus bill which allows ITC-eligible
projects to take a Department of Treasury grant instead of
the ITC.

In absolute terms the US spends more on solar ‘push’
policies than any other country (though as a fraction of
GDP the spending is lower than Germany and several
other countries). Initiatives include funding, and loans for
R&D, tax incentives for manufacturing, and public-private
research partnerships. In 2010, the US DOE allocated
USD 3.3 billion to energy R&D, much of which is disbursed
through the Solar Energy Technologies Program (SETP).
The SETP helps develop and scale up PV technologies in
three areas: new devices, pilot projects and systems development and manufacturing.

Market pull policies are mostly found at the state level, and
include renewables portfolio standards (RPS – an obligation to produce or purchase a specified fraction of their
electricity from renewable energy sources), and various tax
instruments.

The DOE also runs the ambitious ‘SunShot’ initiative, which
aims to make PV cost-competitive with fossil fuel-sourced
electricity without targeted policies or incentives. Its target
is to reduce the cost of utility-scale PV systems by roughly
75% by 2020 – to approximately USD 1 per watt.
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SOLAR PV IN THE US: POLICIES, DRIVERS AND BARRIERS
State-level policies drive most of the demand for solar PV
in the US, a market which is the fifth-largest in the world
overall.
The main incentives are renewables portfolio standards
(RPS), sometimes with ‘set-asides’ requiring a fixed percentage from solar. One study shows that between 65
and 91% of growth in solar PV capacity outside California
in 2005–2009 occurred in states with RPS set-asides. Tax
credits have been important at the federal level, though
histrorically they have incentivized investment in capacity
rather than actual renewable electricity generation, thus
not encouraging efficient installation. Some states (e.g.
California and New Jersey) are moving in the direction of
feed-in tariffs.
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Spending on R&D appears effective, especially as it is
supported by a very active venture capital community.
The US is a key player in many of the emerging solar PV
technologies, and is already a world leader in fast-growing
thin film.
Regulatory and administrative factors hinder widespread
deployment. For example, permission issues on both private and government land present challenges to building
utility-scale PV plants. Additionally some states’ regulatory
boards cap utility costs at levels that effectively rule out PV
as an option.
Other barriers include challenges around the siting of both
utility-scale and smaller-scale distributed systems, inconsistent interconnection standards, financing, storage, and the
lack of transmission infrastructure.

SOLAR PV IN SUMMARY
Key trends
Market demand based on feed-in tariffs in Germany and
Southern Europe continues to play a key role in driving
PV industry and technology development. However, support in Europe for feed-in tariffs is weakening and many
have been revised, leading to forecasts of slower demand
growth. Europe’s markets have been so dominant that
such a slowdown would have worldwide effects.
Innovation in solar energy is increasingly international.
This has also led to the increasing legitimacy of PV as an
energy technology, as more actors see concrete benefits
from its development. The industry’s increasingly international character also triggers competition, and in turn
technological improvements and lower costs.
After a volatile decade the costs of solar PV have fallen
rapidly as there appears to be an oversupply of modules. If

these cost gains can survive the rationalization of capacity,
grid parity will be reached soon in sunny regions; in many
parts of the world it is likely to be achieved this decade.
The strong political focus in the EU on PV deployment and
market formation has tended to favour research on mature
technologies such as crystalline PV, particularly in Europe.
Nonetheless thin film is gaining market share and there is
support for emerging technologies, such as organic cells
and concentrating PV.
Entrepreneurial activity in the PV sector has been strong,
and there are many opportunities to find commercial
niches, primarily driven by demand in Europe. Significant
resources are being mobilised – public equity and bank
capital in the EU, private equity and venture capital in the
USA, and industrial investment in China.
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Figure 11: Volatility in PV module and installed system prices, 2001-2010. Overall the period saw slower cost
reductions than historical averages, though early data from 2011 shows a continued steep fall. Source: IEA PVPS.
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Governance challenges
Feed-in tariffs are in themselves problematic; stimulating
both market demand and supply-side competition is difficult, and adjustments can cause problems for industry.
The large cost swings during the rapid growth of the 2000s
reflect the disconnect between incentives and the marketplace. For several years installations could be brought to
market in Germany and Spain at almost any cost; now
oversupply means that producers are selling at very low
margins. Finding a balanced and sustainable incentive
structure that promotes healthy markets is the next important step for market pull policies.

and environmental objectives. For both the European
Commission and the US government these aims are
major reasons to focus on renewable energy technologies.
The IPCC cites solar PV as the energy technology with the
greatest potential for job creation, estimating that it can
create approximately 0.87 job-years per GWh.
However, concerned voices have been raised in both the
US and in Europe over the internationalization of the industry. Favourable policies for domestic and in-state suppliers
have been discussed and in some cases implemented.
Such efforts may support short-term job creation, but they
are controversial and perhaps detrimental to technology
development.

The dominance of German and European markets also
leaves the industry vulnerable to political decisions in just a
few countries. New markets, and the balance and diversity
they provide, are crucial if the industry and the technologies are to continue to grow.

The industry continues to work on other challenges, as well,
including developing enabling technologies such as smart
grids and battery storage, which will allow solar energy to
be used more flexibly.

Policies that support solar PV often seek to stimulate economic growth and create jobs as well as achieve energy
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14

CARBON CAPTURE AND STORAGE: AN OVERVIEW
Carbon capture and storage (CCS) is a combination of
technologies that can reduce the emissions of carbon
dioxide from industry. It has the potential to contribute
significantly to climate change mitigation – accounting for
up to 20% of all projected abatement up to 2050.

CO2 storage involves either injecting compressed CO2
underground, usually in depleted oil and gas fields, or into
saline aquifers. In the former case, CO2 injection can be
a way to enhance fossil fuel extraction – a process called
‘enhanced oil recovery’ (EOR). Both types of storage are
well-understood and sites are in operation today.

CCS: technologies and applications

CCS can be used in the power sector to reduce emissions
from coal-, gas-, and biomass-fired generation. Because
of the dominance of coal in the power sector and the
importance of the sector to combating climate change,
this area has received significant attention, though CCS is
also an important option for other industrial sectors such
as chemicals, cement and steel.

Carbon capture technologies are of three types: some
separate CO2 from a gas before it is combusted or
processed (‘pre-combustion’); others chemically separate
CO2 from the flue gas ‘post-combustion’; and oxy-fuel
processes burn fuel in pure oxygen in order to create a flue
gas of pure CO2. Oxy-fuel is the least mature of the three,
but they are all well understood and widely tested.
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Capture and storage technologies are themselves advanced. However, efforts to integrate
the two technologies on a large scale are not,
and progress here is needed. To bring down
costs, the so-called energy penalty – whereby
capture and compression of CO2 requires a
plant to use more energy to generate the same
output – must be reduced. Only experience will
show which construction designs and operating business models work best for integrated
sytems, and for the storage and monitoring of
stored CO2.

CO2

Gas, Ammonia, Steel

Figure 13: Technology options for CO2 capture. Adapted from IPCC (2005) IPCC
Special Report on Carbon Dioxide Capture and Storage.

None of these improvements can be achieved at
laboratory or pilot scale. For CCS to develop it is
essential that capture and storage technologies
are better integrated and demonstrated on a
large scale.
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Industry trends
Capture technologies have been used to collect CO2 for
industrial uses for several decades, and transport and
injection of CO2 to enhance oil recovery is also well established. Permanent, monitored CO2 storage has also
been demonstrated in a few large projects. However, in
response to recent political action on climate change,
the movement to integrate these technologies to reduce
greenhouse gas emissions has grown rapidly. The industry

has quickly converged on a handful of promising models
for integration. With only six large-scale industrial projects
in place by 2004, plans for more than 75 large demonstration projects have since been developed. Unfortunately
the future of almost all of these is plagued by political
uncertainty and scarce or risk-averse capital. The very
rapid development of CCS has thus slowed significantly
in recent years.
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Figure 14: The levelised cost of electricity (LCOE) of integrated CCS projects (white) compared to plants without CCS
(grey). Source: Zero Emission Platform, ‘The Post-2020 Cost Competitiveness of CCS’ (2011)
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CCS IN EUROPE: THE INNOVATION SYSTEM
Europe plays a central role in CCS technology. Policies in
the EU and Norway have done most to promote it, and
many of the energy, manufacturing and engineering firms
at the forefront of the technology are of European origin.
In fact, achieving the EU’s ambition to reduce emissions
by 80–95% by 2050 almost demands the deployment of
CCS. At the same time, uncertainty over when and how
it will be implemented has halted development at the
demonstration stage.

Key actors
The European Commission governs both the EU’s support for demonstration projects and its Emissions Trading
System (ETS), which are the policy foundations for CCS in
Europe. The Zero Emission Platform (ZEP) has been the
most important advisory body, lobby organisation and
knowledge sharing platform in the EU since it was set up
in 2005. Companies in the power, oil and gas, chemicals,
and steel industries are working with global manufacturing and engineering companies on CCS demonstration.
NGOs are largely agnostic or negative to the technology,
fearing that it may hurt the development of renewable
energy.

Market pull policies
CCS does not generate or save energy, so the value of the
technology is based on the reduction in carbon emissions.
The market for CCS in the EU is formed by the Emissions
Trading System (ETS). The ETS requires a reduction in
emissions of 21% compared with 1990 levels by 2020, but
CCS is envisaged as a tool for much deeper reductions,
with large-scale plants only ready sometime after 2020.
While the ETS has no ‘sunset clause’, or planned expiration, companies are highly uncertain as to when the CO2
price will be able to support CCS.
Legal frameworks for storing CO2 should also incentivize
activity. However national rules to date have been restrictive and often discouraged more straightforward onshore
storage options.

Technology push policies
CCS can only really be ‘pushed’ forward by large-scale
demonstration, and the EU strategy is to financially support a portfolio of demonstration projects. Six projects
shared EUR 1 billion in funding via the 2009 European
Economic Recovery Plan, and another EUR 4–5 billion will
be disbursed on the sale of 300 million emissions allowances in 2012–13 from the ‘New Entrants Reserve’ of the
ETS. In total between 12 and 15 projects should receive
financial backing from the EU. The UK government has
also made up to EUR 1 billion available to support CCS
demonstration.
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INNOVATION IN EUROPEAN CCS: BARRIERS AND DRIVERS
• The EU’s objective of an 80–95% reduction in emissions by 2050 sends a strong signal about the eventual
need for CCS. This remains the primary driver of the
technology globally.
• Knowledge development is succeeding up to the point
of large scale demonstration, and is generally seen as
sufficient. The ZEP platform has been a leading driver
of knowledge sharing, not just in Europe but globally,
acting as a trusted facilitator between companies and
with the public sector.

• The support of the European Commission has given
CCS a measure of political legitimacy, but the technology remains poorly understood by the general public
and opposed by some actors who are against the use
of coal for electricity generation.

• The nature of CCS projects, which must be undertaken
on a large scale to justify the necessary infrastructure,
means that large companies naturally dominate.
Entrepreneurs may be needed to create EOR and eventually storage businesses, but these have yet to emerge.
• Upwards of EUR 5 billion has been mobilized from
public money. Private industry has spent uncounted
amounts, likely in the billions of euros, on piloting and
research programmes. Despite this, resource mobilization remains the primary barrier to progress in CCS.
Capital requirements for each demonstration plant are
greater than EUR 1 billion, and given market uncertainty and capital constraints private investors appear
unwilling to risk covering the balance.
• The EU ETS provides the shape of a future market for
CCS. However, uncertainty about future CO2 prices
puts off investors. There is a pressing need for regulatory frameworks for CO2 storage. While the EU’s storage directive made a start, implementation by national
governments has made onshore storage difficult if not
impossible in many important countries. As offshore
storage is much more expensive and complicated, this
has become a major barrier for investment in demonstration plants.
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Figure 15: Location of 24 planned CCS projects, of which 19 are seeking support from the EU New Entrants Reserve (NER 300).
Source: GCCSI, Bellona.

CCS IN THE UNITED STATES: THE INNOVATION SYSTEM
The US pioneered carbon capture technologies. The country has more than 30 years’ experience in using separated
CO2 for enhanced oil recovery (EOR), and there are more
than 5000 km of piplelines for CO2 transport across North
America. This history, and the country’s dependence on
coal for 50% of its electricity generation, offers a promising
foundation for demonstrating the climate mitigation potential of CCS. Unfortunately the lack of a national climate
policy undermines that potential.

Key actors
Utilities have been tentative about CCS, because its future
as a climate mitigation tool remains in doubt. Oil and gas
companies are the strongest actors, with many of the existing or planned projects based on gas processing for CO2
capture and EOR. The Department of Energy (DOE) has
supported CCS, both with R&D programmes and through
pledged financing for demonstration.

Market pull policies

Supplied by other sources
Supplied by large-scale integrated projects
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Despite regional cap and trade initiatives, a national price
on CO2 in the United States is a distant prospect. This
leaves the commercial market for CO2, largely for EOR,
as the main source of demand. This market is strengthened by a federal tax credit for the use of CO2 in EOR
projects. While EOR will support a number of demonstration projects, it does not create a market for permanent,
monitored underground storage. EOR is also unlikely to
bear the costs of CCS for climate mitigation in the long
run, as the demand for CO2 is limited compared to the
potential supply from power generation.

Enhanced Oil
Recovery

3
Storage for
mitigation (demo)

Figure 16: Current commercial demand for CO2 is estimated at 82 MT,
of which 54 is for Enhanced Oil Recovery. CCS projects currently meeet
23 MT of this demand, while only 3 MT is stored for climate mitigation.
Source: GCCSI.

The Department of Energy’s Office of Fossil Energy
supports CCS development and demonstration, and resources for CCS are generally pooled with those supporting more efficient and less polluting coal-fired power. The
FutureGen project in Illinois is the federal government’s
flagship major demonstration project coupled to power
generation. The project, begun in 2002, remains at an
early stage of development due to economic and political
turbulence.
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INNOVATION IN US CCS: BARRIERS AND DRIVERS
• The biggest hindrance to CCS in the US is the lack of
long-term climate policy. While CCS is supported as
part of a ‘clean coal’ agenda and as a tool to improve
oil recovery, its future as a climate mitigation tool is
uncertain due to the sinking political profile of climate
change in the US.
• The long history of industrial CCS and the international
character of many of the companies involved ensures
that knowledge development and diffusion generally
function well.
• EOR projects support entrepreneurial activity, something
that may increase if CO2 becomes more important to
shale oil and gas extraction.

• The market for EOR provides a basis for a number
of integrated projects, especially those based on lowcost separation techniques in the chemicals and gas
processing sectors. Tax credits for CO2 in oil recovery
support this market. However the prospect of a market
in avoided CO2 emissions is necessary for large-scale
demonstration, and this prospect is considered dim.
• In some regions the strength of the coal industry lends
CCS significant legitimacy as part of a ‘clean coal’/
security of supply agenda. Some NGOs have opposed
the technology, arguing that it delays the development
of alternatives to coal use. Also, awareness of the
technology among the public is low.

• The DOE has mobilized significant funds, though funding is not enough to support more than a few largescale mitigation (i.e. permanent storage) projects.
Private resources will not deliver these projects in the
absence of strong climate policy.

ND - 1

WY - 1

PA - 1
IL - 3

CA - 1

IN - 1

NJ - 1 1

KS - 1
NM - 1

OK - 1

KY - 1
MS - 2

TX - 6
LA - 2

Figure 17: Planned CCS projects in the US. All except 3 (IL, NJ) are Enhanced Oil
Recovery projects. Source: GCCSI.
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CCS IN SUMMARY
Key trends
CCS has emerged rapidly as a potential technology for climate mitigation. The most important capture technologies
are widely tested at pilot scale, and options for transportation and storage of CO2 are being explored and show
promise. Technology providers and industrial companies
have developed detailed plans for scaling up applications.
Progress continues on improving the efficiency of capture
technologies, and geological study of potential sites is
building the knowledge base on storage. However, the
crucial work of testing a variety of construction and operation designs remains undone, keeping costs and risks
associated with the technology high.
The overriding need is to demonstrate integrated systems
on a large scale. This need is not being met. It is a situation
common to many technologies that require large capital
investments and therefore financial risk: CCS is threatening to fall into the ‘valley of death’ between R&D and
deployment.

Some of the most promising plans for demonstration
projects, both in the US and Europe, have recently been
shelved. This worrisome development risks becoming
self-reinforcing: as fewer actors are willing to take on demonstration risks, this may increase the risks borne by others.
Nonetheless, most industry actors still believe that CCS
will be an essential part of any ambitious climate mitigation scenario. In fact, because it is an add-on technology
that can reduce emissions at large volumes, it is seen as
the ‘marginal technology’ – the option that will be used
when other options are prohibitively expensive. The risk is
that CCS will be delivered later than necessary, leading
to significantly higher overall costs for mitigating climate
change.
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Figure 18: A comparison of various CO2 volumes. Note broken scale.
Sources: IEA, GCCSI
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Governance challenges fo CCS
The main governance challenge is one of scale. Even
demonstrating CCS requires enormous investments: more
than EUR 1 billion for a typical demonstration plant. The
substantial public funds raised in the US and Europe can
only support a part of a relatively small portfolio of projects.
Raising additional public funds in times of severe budget
constraints does not appear realistic.
It is therefore vital to incentivize private investors to take
on a large part of the investment in demonstration plants.
Private capital became increasingly risk-averse after the
financial crisis of 2008, a situation that is exacerbated by
the uncertainty surrounding the future market for avoided
CO2 emissions. For now, US investors are discounting this
market entirely – even the most optimistic observers doubt
that the CO2 price will reach sufficient levels to support
CCS within the next 20 years. In Europe the ETS offers the
prospect of a long-term market, but uncertainty around
competing subsidies for renewables and requirements
for efficiency have left investors doubtful that CCS can be
supported by 2030.

The failure to create a supporting framework for underground storage is also a major problem. National and
local opposition to onshore storage has not been met
with sufficient political commitment to the technology, and
the politically easy but technically difficult offshore option
has come to dominate. This threatens the viability of
many demonstration projects, capital needs for which are
already too high for investors’ comfort.
It may be beyond the political capacity of any one country
or region to address the gap between investment needs
and available capital. Global collaboration on CCS could
help spread financial risk across more projects, more technologies, more revenue streams (EOR and policy-based)
and a broader base of taxpayers. Yet it is just such global
commitment to collaboration that remains in short supply.

Photos: p4 © now picnic/flickr, p6,11 © Michael Coghlan, p12 © Rob Baxter, p16 © Vattenfall/flickr, p22 © Chris Phillips
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CONCLUSIONS
Governance of low-carbon technology
development
The EU and the US have generally taken different approaches to governing solar PV and CCS: as a rule, Europe
has used policies to create market demand, while the US
has focused on R&D. These approaches are potentially
complementary, though a case can be made that greater
balance, and more collaboration, is needed.

there is no clear source of demand to replace it. A period
of overstimulation and under-capacity could be followed
by a period of under-stimulation and over-capacity. Such
swings do not encourage steady technological progress,
though they could be tempered by a boost in demand
from the US and, potentially, China and India.

In both technologies, R&D (push) and demand/market
(pull) policies need to be implemented in parallel. An
exclusive focus on R&D ignores the role of market formation in stimulating innovation, while an excessive focus on
market deployment may lead to short-termism in R&D.
Demonstration, where needed, will be impossible without
credible prospects for a long-term market.

The immediate future is darker for CCS. The technology
may be entering the so-called ‘valley of death’ between
R&D and commercial deployment, and only resources to
support large-scale demonstration can build the needed
bridge. With public and private finance in both the EU and
US under strain, increased global collaboration may be
necessary to share the financial burden, business risks, and
eventual benefits of CCS demonstration. Unfortunately
a long-term, ambitious climate policy – the fundamental
pre-requisite for large-scale CCS investment – has yet to
emerge outside of Europe.

The future of solar PV looks bright, heralded by a
fast-growing industry and falling costs. However, risks
are emerging just when costs are falling: policy-driven
demand from European countries is being reduced, and
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3C (Combat Climate Change) is a business leaders’
initiative started in 2007 to provide recommendations on
global climate policy. More than 70 companies around the
world have supported the initiative and, since 2010, 3C
has collaborated with the Stockholm Environment Institute
(SEI) on research into climate policy. This document is a
summary for decision-makers of the first of three joint
research projects within the partnership programme.
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