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Executive Summary

Faster and broader innovation is critical for delivering climate security
while preserving energy security

Faster and broader innovation of new technology is critical for achieving low carbon
and climate resilient development. Stabilising global temperature increases below
2°C will require global emissions to peak and reduce in the next 10-15 years.!
Achieving this pathway reduces the probability of exceeding 4°C of warming — where
crossing catastrophic climate change tipping points is highly likely — to under 1%;
delaying global peaking by 20 years would increase the probability of 4°C to 10%.2

Meeting these goals poses a unique public policy challenge: delivery of new technolo-
gies and massive shifts of investment on a global scale inside a specific timeframe. The
urgency of developing new technology is compounded by the existing global energy
system investment cycle. The next 20 years will see an unprecedented increase in
energy investment as developed countries replace power plants built in the 1960s and
70s, and rapidly industrialising economies accelerate their construction of modern
energy systems. The US, Europe and China will each build around 800-1,000GW of
new power stations by 2030. Concerns over energy security and prices are also driving
defensive investments in high carbon sources, such as tar sands and coal-to-liquids.

Failure to provide workable low carbon alternatives for these investments will mean
much of the world becomes “locked in” to carbon intensive development. IEA scenarios
to meet the 2°C target require power plants with carbon capture and storage (CCS) to
make up 20% of global power investment up to 2030; from 2030 all new power plants
in developed countries will need to be zero-carbon. However, there is currently no
commercial scale CCS demonstration plants planned to be in operation before 2015,
making this schedule highly unlikely. Even under an optimistic technological scenario
the IEA estimates that 15% of existing fossil fuel plant - around 350 GW - needs to be
retired before the end of their economic lifetime. Similar issues exist in all major
emitting sectors: energy, transport, industry, infrastructure and buildings.?

While these scenarios require only an 18% increase in investment over business as
usual, they imply a huge investment shift from high to low carbon technologies.* The
additional investment needs in clean energy technologies and energy efficiency are 18
times the current level of investment in these areas. A significant amount of the

+  Barkeretal., 2007

2 Meinshausen, 2005

3 IEA, 2008a

4 IEA’s BLUE Map Scenario in IEA (2008a)
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additional $45 trillion investment needed to 2050, around 70%, will occur in the
transport sector as it shifts to more expensive low carbon vehicles with lower fuel
costs.

Avoiding carbon lock-in will require countries to immediately adopt low carbon
development pathways and increasingly invest in technologies which provide emissions
reductions while enhancing security of supply. It will be important to plan ahead,
even for countries with no binding reduction commitments; for example, by making
all new fossil fuel plants carbon-capture ready or capable of biomass co-firing. This
will allow retrofitting when targets deepen and technologies are further developed.

Innovation and diffusion of low carbon and adaptation technologies will require
concerted action along the innovation chain. Innovation will also be needed to drive
radical market transformations, to rapidly adapt technology to developing country
conditions and drive effort on ‘orphan’ research areas, such as drought resistant crops.
This will require incentives for innovation in new areas and in a wider set of countries
than at present.

The basic economic and technical systems exist to deliver these technological
advances; the global economy has shown its ability to deliver transformative solutions
in areas from the space race to the pharmaceuticals industry. The critical issue is how
to provide the right policy frameworks and incentives to focus this innovative capacity
on solving multiple climate change, energy security and climate resilience problems.
National policies alone are unlikely to support the global public good aspects of low
carbon innovation, and there will be a global undersupply of innovation in many
areas. Multilateral action is required to give incentives for additional national actions,
drive international collaboration and help correct critical market and policy failures.

Current low carbon innovation programmes are not adequate to manage
the risk of policy failures and higher ranges of climate sensitivity

There is widespread agreement that current low carbon innovation programmes are
not adequate to meet the climate change challenge. Despite some recent increases,
public energy R&D funding has fallen by up to 50% in real terms in major developed
countries over the last 25 years.> Energy RD&D as a share of total RD&D in OECD
countries has declined from 11% in 1985 to 3% in 2005.° Public spending remains a
higher proportion of research spending in the energy sector than in other areas, and
up to 60% of public funding is spent supporting private sector R&D. Studies such as
the Stern report have called for a doubling of R&D funding, and a much larger increase
in deployment funding. Unfortunately, estimates for adaptation innovation needs are

5 IEA, 2008a
¢ Ibid.



virtually non-existent, and represent a major gap in knowledge which must be priori-
tised in the international climate change process.

These figures probably underestimate the amount of R&D needed, as they assume
an efficient least-cost pathway to known levels of global emission reductions. In reality
future mitigation pathways are highly uncertain. The IEA estimates that over 50% of
abatement by 2050 will come from energy efficiency measures, but experience shows
these savings are often hard to capture and policies often fail; savings from reducing
deforestation rates also face very challenging policy delivery environments. Estimates
of climate sensitivity to greenhouse gases may continue to worsen; increasing the rate
of emission reductions needed to meet temperature stabilisation goals. Some
technologies which play a large part in many scenarios, for example, advanced
biofuels, advanced nuclear power, may fail to emerge owing to technological failure
or public acceptance issues. In all cases a larger range of low carbon energy alterna-
tives - especially in power generation and transportation — will be needed earlier than
current models predict.

Aggressive innovation efforts across a portfolio of critical technologies is part of a
responsible risk management approach which hedges against climate policy failures,
technology failures and worst case scientific scenarios. Failure to incorporate these
potential scenarios into future mitigation plans will dramatically lower the likelihood
of successful climate stabilisation.

Delivering a portfolio of critical low carbon options by 2020 will require large scale
demonstration of key technologies, the building of lead markets and rapid develop-
ment of large scale supply chains. This will often be beyond the capacity of individual
countries to achieve; as shown by the 2008 G8 proposal for a global programme of 20
large scale CCS demonstration plants. Other technologies which will require similar
scale and focused support include solar thermal power, distributed grids, power
storage, advance flood management and low carbon vehicle technology. Enhanced
international cooperation is needed but must be rigorously prioritised — focusing on
portfolios of technologies critical to achieving aggressive mitigation scenarios, and
areas requiring large-scale investment with high public good components; especially
those with high benefits to developing countries.

The Stern report and the UNFCCC estimate that research, development and demon-
stration (RD&D) funding into low carbon technology would need to be increased by
an additional $10 billion per annum, although it is acknowledged that these estimates
are highly uncertain. Taking into account the need for a wider portfolio of technolo-
gies to give adequate risk management and funding to accelerate the demonstration
of critical technologies, a global RD&D increase of $15-$20 billion per annum would
seem a more adequate average for the next 10-15 years. This sum is not without prece-
dent for accelerated public RD&D programmes by the USA alone, as it lies between
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the peak RD&D spending on the War on Terror ($12bn) and the Apollo Programme
($20bn in 2002 prices).

The unique nature of the climate change problem requires a more active public
approach to risk management and investment in a portfolio of low carbon solutions,
only some of which will prove successful at a large scale. The market — even with a
strong carbon price — will not automatically bring technologies forward at the pace
required, and will not account for worst case scientific scenarios or possible policy
failures. Climate security is a global public good, and delivery can only be secured by
public action working through markets. As with government spending on defence
R&D, an interventionist approach is needed to ensure a high probability of delivering
climate security; in this way climate innovation policy differs sharply from standard
innovation policies focused on increasing national competitiveness.

Developed countries need to shift their national strategic innovation
priorities if international cooperation is to be effective

National innovation will not be sufficient, given the global public good nature of low
carbon innovation. Action is required at the multilateral level to build on national
policies and correct market failures. At the moment collaborative R&D is very weak,
outside long term areas such as nuclear fusion. Current national innovation strategies
work against effective cooperation as they are fundamentally designed around
national competitiveness priorities, not to produce global public goods. For example,
out of €1.3 billion worth of projects under the EU’s Framework 6 research programme
with Chinese participation, only €35 million went to Chinese researchers.” Public
R&D collaboration is little better between developed countries in the energy area
despite many cooperative agreements at the IEA.

A major shift in strategic innovation priorities and approaches will be needed at the
national level to make international collaboration on low carbon innovation work at
the scale and pace needed. Incentives for enhanced collaboration could be built into the
Copenhagen agreement including through co-financing support for collaborative RD&D
with developing countries, agreements on reciprocity of knowledge sharing in national
R&D programmes, and MRV criteria on collaboration and knowledge sharing for
making national innovation support eligible to count against international obligations.

Developing countries require support to build effective innovation
systems not just narrow technology transfer

Despite accelerated globalisation, technology invention and innovation is dominated
by the developed world; even China estimates that over 85% of patents in many of its

7 Vialatte, 2008



core high tech economic sectors are owned by developed country companies.® This
concentration of innovative capacity in developed countries does not match the distri-
bution of diverse mitigation and adaptation technology needs.

Traditional concepts of public technology transfer follow a relatively narrow approach
with limited funding and capacity building support; private sector approaches focus
on balancing market access with limited licensing to local industries, including joint
ventures. These approaches are unlikely to transform the way low carbon and climate
resilient technologies are diffused to developing countries, especially those without
fast growing markets. Diffusion of new innovations is as much about the institutions,
structures and organisations in a country as it is about narrow funding support to
access specific technologies. Recent work by the World Bank® shows that diffusion of
technologies differs markedly between countries at similar levels of income. Successful
diffusion has a strong relationship with core economic attributes such as ease of doing
business, trade and FDI flows and tertiary education.

This research suggests that large increases in low carbon diffusion rates can be
achieved across countries at differing development stages through an emphasis on
system-wide capacity building to improve internal innovation and absorption systems.
This approach must be embedded in the Copenhagen mechanisms for technology
transfer, through both policy incentives and direct capacity building support.

There is also a need for international support to ensure a wider spread of innovation
capacity which can deliver three important types of innovation in developing countries:

e disruptive innovation suitable for new business models designed for devel-
oping country markets e.g. equipment to support distributed utility models; low
carbon building material technology and design;

e ‘orphan’ areas of research where developed markets provide few incentives for
innovation e.g. drought resistant African crops; small scale desalination;

o adaptive innovation to make new innovations suitable for developing country
circumstances e.g. adapting gasifiers to local coal sources; making efficient
domestic appliances for tropical conditions; advanced biofuel technology for
using local feed-stocks.

Developing countries with significant domestic innovative capacity, such as China,
India, South Africa, Brazil and Malaysia have a critical role in undertaking innovation
in these areas; either individually or in cooperation with developed countries. By

8 Liu, J., 2007
9 World Bank, 2008b
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acting as pathfinders for new technologies with wide applications in developing
countries they can lay the foundations for future mitigation and adaptation action
consistent with countries development and poverty reduction priorities. Other devel-
oping countries also need support to build their innovation systems in line with their
low carbon development pathway plans. The Copenhagen agreement must provide
strong incentives for developing country innovation, cooperation, and sharing; not
just technology transfer.

Delivering innovation faster and to scale requires the creation of strong
new markets for innovative low carbon products and a diversity of
cooperation initiatives

Fundamentally, companies will invest in low carbon innovation and accelerate diffu-
sion into new markets if the risk/reward balance is right. While policy discussion
often focuses on issues of R&D funding and intellectual property rights (IPR) protec-
tion, issues of market creation and regulation are at least as important in driving
change in many areas and delivering the right balance of incentives.

The rate of innovation and diffusion is affected by both market conditions such as
size and certainty of the market; size and profile of R&D investment; rate of turnover
and number of competitors in a sector. For each innovation chain the balance of these
factors will determine where barriers to accelerate innovation and diffusion exist.
There is no one size fits all policy, but there are a limited set of factors that can be
analysed to create a robust and effective low carbon innovation policy in a specific
market. Policy instruments agreed at Copenhagen must be able to address the full
range of necessary interventions down the innovation chain.

Increasing the size and certainty of the global carbon market will be essential to pull
technologies down the innovation chain. However, the carbon market will not neces-
sarily deliver when other barriers prevent uptake of low carbon technologies; this is
particularly acute for energy efficiency where market failures are critical. Other
mechanisms will be needed to provide market certainty for innovative products and
services. Within the UNFCCC framework sectoral agreements have the potential to
catalyze such action:

e technology-driven sectoral agreements, as part of developing countries enhanced
action commitments e.g. renewable energy standards; niche market zero-carbon
building standards and supply chain creation;

e setting international standards and regulation (multilateral or plurilateral) to
provide large and certain markets for innovative products and drive down costs;



e innovation in globally competitive carbon intensive sectors such as steel, cement
and aluminium where high efficiency and low carbon solutions, including CCS,
need direct support for development and deployment.

In many of the key markets for mitigation and adaptation the public sector is a vital actor
in driving patterns of consumption, either through regulation or public procurement;
for example, infrastructure, buildings, vehicle standards and public transportation.
Public sector purchasing agreements are a vital tool to accelerate innovation and
diffusion in these key sectors, but have not been used that widely to date.

The need for tailored approaches to accelerate individual low carbon and climate
resilient technologies in particular markets argues for a flexible approach to including
these in the Copenhagen framework. Bilateral and regional cooperation agreements
should be “registered” in the UNFCCC framework if they conform to agreed criteria,
rather than an overly centralised approach where all cooperation passes through
a UN process which will become a bottleneck for action and potentially inhibit
innovation.

A failure to constructively tackle IPR and competitiveness issues will
limit the pace of innovation and diffusion and potentially poison the
international climate negotiations

In addition to market issues, technology specific IPR related factors (such as the ratio
of R&D to total costs, ease of copying and IPR enforcement; and patent application
standards and processes) also affect the rate of innovation and diffusion. The vast
majority of patents are held by private firms; on average business enterprises held
nearly 80% of patents over the period 2003-2005. Climate technologies and systems
will provide significant high value-added industries to the countries that gain a
comparative advantage in their development and production. There is a clear — and
already apparent — tension between the desire to secure these economic benefits and
the need to maximise technology diffusion to protect the global climate; as shown by
the discussions over whether to include projects in developing countries inside the
proposed EU CCS demonstration financing instrument.

It is also clear that without effective returns from intellectual property the private
sector will not continue increasing its investment in low carbon technology; with
estimates of up to $9 billion just in venture capital financing as of mid-2008 (up over
30% from 2007).° As a proportion of global venture capital investment, it has grown
up from just 1.6% of total investment in 2003 to 11% in 2008.

There is a need to explicitly revisit the balance of incentives for private innovation

o The Financial (2007); Environmental Finance (2008)
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with those for maximising public benefit; to develop an appropriate and effective
“social contract” around low carbon and climate resilient innovation. The tendency in
the global climate negotiations to reduce this to the issues of transferring or
purchasing IPR polarises the interests of Parties and prevents creative solutions
emerging; this could have serious consequences for progress of the overall agreement.

Research carried out for this report showed that there are very few well founded
empirical studies examining the role of IPR in the diffusion of particular low carbon
technologies. Extensive interviews with technology experts and companies showed
that most views were guided by anecdote and assumption, rather than evidence.
Therefore, there is currently no sound basis for any definitive statements that IPR is
- or is not - a barrier to low carbon technology diffusion across the range of key
technologies. Primary research is still ongoing to provide better evidence in some low
carbon sectors.

From the available evidence some conclusions can be drawn on how IPR protection
may impact diffusion across different technologies, and why a flexible approach should
be taken when dealing with climate related innovation and diffusion. For example, in
pharmaceuticals IPR is absolutely central to the industry’s business models as a single
patent or copyright can capture the majority of returns for the innovator; this type of
case may be relevant for biofuel catalysts, GM crops and advanced materials in
turbines and fuel cells. However, in other sectors the importance of IPR may be
limited either through the ease of reverse engineering processes (e.g. in information
technology) or because competitive advantage is concentrated in tacit knowledge
associated with its production; many complex power plant technologies seem to
exhibit this structure. A final case is where a large number of small patents are used
in a process, often referred to as a ‘patent thicket’. Where a single company holds the
majority of the patents this can create significant access issues; these cases are often
seen in vehicle sector associated with pollution control technologies.”

Though concerns are often raised over the cost of IPR limiting access to technology
in developing countries, this barrier may only apply to a small number of low carbon
technologies such as catalysts. From interviews with technology companies, a more
prevalent barrier to diffusion in low carbon technologies seems to come from compa-
nies restricting licensing of advanced technologies in developing countries through
fears they will lose control of IPR and face export competition in home markets. This
may occur even when agreements have been signed to prevent this; as has been seen
on some pollution control equipment licences in China. However, while genuine risks
exist, in some cases companies also seem to have strategically withheld or delayed
technology from certain markets in order to maximise profits. This is not a sustain-
able strategy for addressing climate change as manufacturing of low carbon

. Barton, 2008a



technologies must be widely spread into developing countries if required rapid diffu-
sion rates are to be achieved.

Action is required to break the deadlock between developed and developing countries
over intellectual property. There is no firm evidence of how IPR impacts diffusion
across climate technologies, and available case studies show a wide range of different
scenarios. Despite disputes over issues like compulsory licensing at the UNFCCC, in
reality all countries already employ a variety of contractual and legal structures to
ensure the diffusion of beneficial innovation; especially when R&D has benefited from
public financing and public goods are involved. For example, the EU has strict require-
ments on the diffusion of IPR when companies receive State Aids subsidies.”> There
is no absolute system of IPR protection in any country and historically compulsory
licensing has been most prevalent in countries such as the US and Canada.

A rebalancing of the system under the UNFCCC could be based on the principles of
‘protect and share’. Where IPR would be protected from unauthorised use by strength-
ening implementation of IPR protection systems; while balancing this with a clear
framework requiring different forms of sharing through, for example licensing and
parallel markets and “pay to play” agreements to meet the climate challenge. Access
to international R&D funding and credit for national R&D programmes for all Parties
could be made conditional on implementation of these agreed principles for
protecting and sharing IPR.

Finally, although ensuring future innovation is very important, the urgency of moving
to a global low carbon economy within a very limited timeframe requires that the
balance of the global innovation system must be to maximise the rate of diffusion.
Any potential disincentives to technology developers which could result should be
balanced by targeted public incentives for continued R&D and segmented markets
for new innovations. Markets must be designed to give greater incentives for
continued innovation rather than to continue reaping earnings from past inventions.

Proposals for action: a new institutional framework for low carbon
innovation

The analysis in this report points to critical features needed in the UNFCCC system:
e Afocus on increasing absolute levels of both innovation and diffusion for adapta-
tion and mitigation, through outcome based strategic approaches based on

mitigation pathways and worst case scenarios of climate responses and impacts;

e  The need for action both within the UNFCCC framework and outside it to ensure

2 For example see the Norwegian Ministry of Petroleum and Energy, 2006 and EFTA Surveillance Authority, 2008
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healthy diversity, and encourage continued work on innovative approaches at
the regional and national level;

e The importance of developing overall innovation systems for low carbon devel-
opment and the use of sectoral approaches to engage all stages of the innovation
chain to accelerate technology development and deployment;

e The importance of supporting developing countries and international institu-
tions in driving appropriate innovation in areas vital for developing economies;

e The need to explicitly rebalance the incentives for innovation and diffusion,
including around the use of intellectual property rights, inside the UNFCCC.

The report below sets out a comprehensive set of proposals for action within the
UNFCCC that builds on existing policies and measures to produce a framework for
transforming innovation systems and delivering a 2°C world.

Given the weakness of current international cooperation in this area, and the lack of
an existing competent multilateral body, the analysis also implies that new institu-
tional structures will need to be established under the UNFCCC in order to organise
and administer such an ambitious programme; especially on priority areas for inter-
national technology development and regional diffusion programmes.

Figure ES1: Breakdown of proposed action within and outside of the
UNFCCC

National spending INSIDE UNFCCC OUTSIDE UNFCCC
* RD&D programmes

* Mainstreaming

adaptation in Technology
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Within the UNFCCC we recommend five key actions:

Agreement to a Technology Development Objective: The technology
development objective would establish a set of critical climate change technolo-
gies (for both mitigation and adaptation) which must be developed to meet the
goals of the agreement. The achievement of the technology development objec-
tive would be supported by a set of Technology Action Plans (TAPs) for each
identified technology and a Technology Development Executive. The role of the
Executive would be to monitor global efforts to deliver a portfolio of critical
technologies — including public and private efforts - and propose complemen-
tary support and activity at the multilateral level needed to deliver agreed
technology outcomes.

Establish criteria for measurable, reportable, verifiable (MRV) action:
The MRV criteria should set out the conditions under which national R&D and
development spending by developed countries — including on sectoral agree-
ments — would qualify as a contribution to their UNFCCC commitments on
technology, financing and capacity building support. These conditions would
need to be carefully negotiated but could contain the following main elements:
additionality to existing ODA and R&D spending; reciprocal knowledge sharing
with other related R&D programmes; demonstrable link to a developing country’s
low carbon development plan; meeting criteria for enhanced developing country
access to new technology; increasing developing countries’ capacity to innovate
and adapt; and climate proofing ODA.

Market creation mechanisms: Market creation mechanisms could include:
technology-led sectoral agreements for developing country enhanced actions;
international standards agreements; and public sector purchasing commitments.
These may be developed inside or outside the UNFCCC system, but must be guided
by its principles and procedures if they are to count towards Parties’ commitments.

A new multilateral Global Innovation and Diffusion Fund: In order to
implement the Technology Action Plans the Copenhagen Agreement should
establish a new Global Innovation and Diffusion Fund. This fund could integrate
existing activity (e.g. the World Bank Climate Investment Funds) through two
windows under the new Technology Development Executive described above:

e The Research, Development and Demonstration (RD&D)
Window: This would be responsible for the development of new technolo-
gies with a focus on applied research and demonstration to push new
technologies down the innovation chain, adapt them for use in developing
countries and address orphan innovation areas;
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e The Diffusion Window: This would be responsible for wide-scale uptake
of new technologies including direct financing; patent buy-outs; and capacity
building to ensure developing countries have the supporting systems neces-
sary to use new technologies.

5. A ‘Protect and Share’ agreement for IPR and licensing: The agreement
would provide government-to-government commitments to ‘protect and share’
low carbon technologies and encourage joint-ventures and public-private
partnerships. Support would be made available under the Fund to strengthen
IPR protection measures in developing countries, consistent with their existing
international commitments under WIPO and WTO. Enhanced IPR protection
would be balanced by a Framework Agreement for the accelerated sharing and
licensing of low carbon technology to ensure rapid diffusion. This could consist
of a range of standardised agreements covering five main areas:

¢ Segmented/Parallel markets: to provide free licensing in certain developing
country markets but prevent re-importation to developed countries for a
limited period of time so innovators can earn a fair rate of return;

e Public sector buy-out: to provide advanced purchase commitments under
the Global Technology Innovation and Diffusion Fund for ‘orphan’ areas of
research to guarantee a return to innovators and swift deployment of
technology;

e “Useit or lose it” agreements (compulsory licensing): to allow countries to
take legal steps for the compulsory licensing of technology if innovators
withhold technology from the market after a certain time period;

e Pay to license: to provide direct subsidies or risk guarantees to increase
licensing, and to ensure access when public funds are used to develop
technology;

¢ Global commons: to allow countries to provide open access to IPR where
they have control of patents.

Countries that were found not to robustly protect low carbon IPR would risk having
their access to the diffusion and RD&D funds blocked. Countries failing to ensure
enhanced sharing of IPR and cooperative R&D spending would also be blocked from
international funding and lose “MRV credit” in the agreement for their relevant
technology programme.



1 Reframing the Low-Carbon
Innovation Challenge

Technology urgency

Innovation and technology will be crucial for achieving low carbon stabil-
isation. Achieving 2°C will require a rapid increase in the scale and speed
of both the development and deployment of low carbon innovation and
supporting systems.

The Intergovernmental Panel on Climate Change (IPCC) has presented compelling
evidence that climate change presents very serious global risks and demands an
urgent global response. The science of climate change is complex, but in recent years
there has been growing confidence in the relationship between the impact of
emissions on the global temperature. The table below shows the established relation-
ship between carbon emissions and climate change as put forward by the IPCC (Table
1.1; see also Figure 1.1):

Table 1.1: The relation between emissions and climate change

Temperature (0, (ppm €0,) 2005 | All GHGs (ppm (0, | €0, emissions Gt(0, - eqlyear in
increase (°C) =379 ppm eq.) 2005 = 375 reduction 2050 (% | 2050*

ppm-eq of 2000 emissions)
2.0-2.4 350 — 400 445 - 490 -850 -50 6.7t022.5
2.4-2.8 400 = 440 490 - 535 -60to -30 181035
2.8-3.2 440 - 485 535 — 590 -30t0 +5 35tou7
3.2-4.0 4,85 - 570 590 - 710 +10 to +60 49.5t0 72

* Total GHG emissions in 2000 were 44.7 Gt(0, - eqlyear (IPCC, 2007a, Figure SPM3, p: 5)
Source: Modified from IPCC, 2007a (Table SPM6, p:20)

In 2005, energy-related CO, emissions were 27 Gt per year. Under business as usual
(BAU) scenarios this would lead to total global energy-related CO, emissions in the
order of 42 and 62 Gt in 2030 and 2050, respectively (Figure 1.4). Emissions of this
scale would lead to a total atmospheric concentration of around 550 ppm by 2050,
resulting in a global mean temperature increase of 2.8 — 3.2°C (Table 1.1).

Increases in global temperature will have serious implications for the stability of
global ecosystems and human society. Figure 1.1 (above) from the IPCC shows that the
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Figure 1.1: IPCC AR4 Finds Greater Risk
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most potentially damaging impacts from climate change, represented in red, are likely
to occur with just a slight increase in temperature. Comparing the same assessment
from the 3™ and 4™ IPPC Assessment Reports shows a marked increase in the risk of
serious impacts at each potential temperature increase. This illustrates a general shift
to higher estimates of climate impacts since the Kyoto Protocol was agreed in 1997,
and has led to a progressive lowering of estimates of long term acceptable atmos-
pheric concentrations of greenhouse gases and earlier dates for when global emissions
must peak. There is no reason to assume that these estimates will not continue shifting
in future IPCC assessments, and the probability of the need for more aggressive action
to stabilise GHG emissions should be included in future scenarios.

Figure 1.2 below shows the extent of potential impacts as temperature increases.
Estimates of the impacts show that there seems to be a threshold effect around 2°C
above which a very large increase in impacts, up to several hundred percent, will occur



Figure 1.2: Millions at Risk
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with dramatic humanitarian consequences on the proportion of the human population
exposed to water scarcity, coastal flooding, and food security and public health risks.
Developing countries, owing to their geographic location and relatively weak infra-
structure, will be affected first and most severely by climate change. Potential impacts
highlighted by the Stern Review include:®

»  Rapidly reduced water availability affecting hundreds of millions in Africa and Asia
*  15%-35% reduction in agricultural yields in Africa

«  Up to 8om more people exposed to malaria in Africa

«  Up to 300m more people affected by coastal flooding

In order to keep global temperature changes below 2°C emissions will need to peak
in the next 10-15 years, and then decline. Delaying action will require much faster
rates of reduction later in order to reach a concentration of 400-450 ppm (broadly
consistent with 2°C). This is highlighted in Figure 1.3 which shows that if there is a 10

3 Impacts shown in relation to a 4 degree temperature rise relative to pre-industrial levels, Stern Review, 2006, Chapter 3, p:56
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year delay in reducing emissions then the rate of cuts required increases, over a five
year period, from 14% to 31% (6% per year). Such rates of emissions cuts will be
extremely expensive, highly disruptive and difficult to achieve without major advances
in technology.

Figure 1.3: Emission reduction rates
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Achieving these emissions reductions will require a rapid increase in the
development and deployment of low carbon innovations and their
supporting systems. This will need to cover all of the major emitting sectors:
energy, transport, industry, infrastructure and buildings. While this is undoubtedly
an immense global challenge, the basic economic and technical systems exist to
deliver the necessary advances. The International Energy Agency’s (IEA) recent
technology roadmaps of 17 key technologies suggest that these could deliver 87% of
energy-related carbon emissions reductions by 2050 in the 450 ppm scenario.
Overall supply, end-use efficiency and fuel switching (54%), renewables (21%) and
CCS (19%) provide the bulk of reduction options (Figure 1.4). Rapid deployment will
be required in both developed and developing countries.

The need to deliver low-carbon innovation within a specific timeframe makes it a
unique global challenge. In other areas, such as health and defence, although we want

4 TEA, 2008a



Figure 1.4: Contribution of energy-related emission reduction options,
2005-2050
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the maximum amount of innovation possible there is not a specific time period in
which new innovations must be delivered before irreversible change occurs. The hard
constraints which the global ecosystem imposes mean that we should reassess the
balance of policies and measures used to promote low carbon innovation.

Avoiding lock-in to carbon intensive development pathways

Major investment in currently carbon intensive sectors will be made over
the coming decades. Both developed and developing countries have critical
interests in moving to low carbon development pathways to avoid lock-in
for their economies.

Without rapid action to shift the world’s economies onto low carbon pathways we
will become ‘locked-in’ to carbon intensive development. The choices we make today
will have significant implications for the future. Major capital investments are being
made now the results of which will last for many decades, potentially leading to path
dependency issues where future choices may be restricted because of decisions taken
in the past. IEA BAU suggests that some $22 trillion of investment in supply infra-
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structure is needed to meet projected global energy demand between 2006 and
2030.%5 Of this, the power sector requires $11.6 trillion of capital expenditure,
accounting for more than half of all total energy-supply investments.

Different stabilisation levels suggest different investments in the share of energy-
efficiency and power generation. For example, in the 450 stabilisation scenario, CCS
accounts for a fifth of cumulative power generation investment needs between 2006
and 2030. Similarly, renewables’ share doubles compared to the reference scenario.
There is currently a significant gap between the steps that need to be taken based
on IEA reference scenarios and what is actually occurring. For example, there is
no commercial scale CCS demonstration plants planned to be in operation before
2015, and renewable energy currently accounts for just 3.4% of global electricity
production.®

In contrast to the need to curb emissions, concerns over resource scarcity are currently
driving defensive investments in high carbon technologies because of the short-term
security of supply benefits they bring. This is particularly true in rapidly industrial-
ising transition economies but is also an increasing consideration in the US and
Europe. Europe and China each will build more than 800 and 1000 GW, respectively,
of new power capacity by 2030". Furthermore, coal accounts for 70% of the antici-
pated installed capacity in China in 2030. If all the planned fossil fuel power plants
in India, China, US and Europe are built by 2030, their lifetime emissions will exceed
all previous emissions from all sources (Figure 1.5). IEA projections® suggest that in
order to limit emissions from the power sector to 6.3 Gt CO, by 2030, which would
be in line with the 450 ppm equivalent stabilisation target, some 15% of the fossil-fuel
generating capacity — around 350 GW — would need to be retired early between 2012
and 2030 before the end of their economic lifetime and any new capacity added would
need to be carbon neutral. There are similar issues in all major emitting sectors:
energy, transport, industry, infrastructure and buildings.2°

While these scenarios require only an 18% increase in investment over business as
usual, they imply a huge investment shift from high to low carbon technologies.*
Transport is particularly important and accounts for the largest single area of invest-
ment in all the scenarios. A significant amount of the additional $45 trillion
investment needed to 2050, around 70%, will occur in this sector as it shifts to more
expensive low carbon vehicles with lower fuel costs. According to the BLUE Map

5 [EA, 2007

RENZ21, 2008, p:9

IEA, 2006

Lee et al., 2007, p:22

IEA, 2007, WEO, p:211

IEA, 2008a

IEA’s BLUE Map Scenario in IEA (2008a)
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Figure 1.5: CO, Emissions from New Fossil Fuel Plants
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scenario nearly one billion electric and fuel cell vehicles need to be on the road by
2050, which, making optimistic assumptions about technology growth, will still cost
$6,500 more per unit than conventional vehicles.

Avoiding carbon lock-in will require countries to adopt low carbon development
pathways and invest in existing and new technologies which can simultaneously
provide emissions reductions while enhancing security of supply. It will also be impor-
tant to plan ahead, for example by making new fossil fuel plants carbon-capture ready,
so that retrofitting can occur when appropriate technologies are developed.

Countries which fail to innovate and avoid carbon lock-in may face heavy burdens in
the future as they struggle to compete in a carbon constrained world. Thus innovation
support for developing countries should focus on enhancing their capacity to innovate
and adapt new technologies for use in their economies.

‘What types of innovation do we need?

Innovation requires a balance between ‘push’ and ‘pull’ factors along the
innovation chain. Tackling climate change will require a combination of
adaptive, incremental and disruptive innovations which has implications
for market regulation and structure.

Successful innovation requires a balance between ‘push’ and ‘pull’ factors along the
innovation chain, with varying levels of public-private finance and policy interven-
tions at different stages (Figure 1.6).

22 For more information, visit http://cdiac.ornl.gov/trends/emis/meth_reg.html
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The private sector already engages in significant technology joint ventures. The
process of innovation tends to take place largely through private business investment
which is increasingly international in nature.? Private sector spending accounts for
60% of global R&D expenditure in 2006 (i.e. $525 billion);?4 however government
cooperation will be crucial to create the conditions to scale up the current rate of
innovation and diffusion. A key consideration for governments, therefore,
should be creating the right balance of risk and reward in innovation
markets to leverage private sector activity.

Figure 1.6: Innovation Chain
Government

Policy interventions and funding
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Business Consumers
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Source: Adapted from Grubb, 2004

Delivering a 2°C world will require many different types of innovation. Three different
forms of innovation are particularly relevant to the current climate debate: incre-
mental innovation, disruptive innovation and adaptive innovation (Figure 1.7).

Incremental innovation improves existing technologies and systems, moving the
technology along the performance curve as shown in the figure above. Examples of
incremental innovation include improved fuel efficiency of vehicles or improvements in
existing wind and solar power generation making them more competitive with fossil fuel
alternatives. Incremental innovation will be vital to improve the currently available suite
of technologies to deliver mitigation and adaptation efforts. Current modelling of mitiga-
tion pathways tend to be based on learning curve approaches and thus emphasise the
importance of incremental innovation of existing technologies in reaching global targets.

In contrast disruptive innovation is the development of an entirely new technology
represented above by the movement to a new performance curve. Examples of

23 OECD, 2007
24 Duga and Studt, 2007



Figure 1.7: Technology evolution S-curves
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disruptive innovation would be switch to electric or hydrogen powered vehicles, or
new distributed power generation technology such as thin-film solar cells. Disrup-
tive innovation has the potential to make a massive contribution to mitigation and
adaptation efforts, but because there is much greater uncertainty as to when it will be
delivered at a large scale it is not emphasised as strongly in many mitigation models,
and is obviously intrinsically harder to model. However, few technologies are intrin-
sically disruptive or sustaining in character on their own. It is often the changes to
strategy and business models which new technologies allow that leads to truly disrup-
tive impacts in the market.

The ability for disruptive innovations to penetrate the market is significantly influ-
enced by market structure and regulations. Restrictive regulations and markets
dominated by large incumbents or network monopolies (e.g. power grids) can make
it difficult for disruptive innovations to be successful, and can deter potential innova-
tors from investing in these areas. These market issues are particularly apparent in

% Christensen and Raynor, 2003
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many of the sectors most important for climate mitigation such as power, transport,
infrastructure and buildings. These sectors tend to have high levels of market concen-
tration and a lack of effective regulation, which can protect incumbents and act as
barriers to new entry. The role of competition policy and innovative network regula-
tion will be critical in driving disruptive low carbon innovation in these areas.

In addition to incremental and disruptive innovation, adaptive innovation will be
required on a large scale in order to successfully deploy new and existing technolo-
gies across different markets. Variations in national circumstance and supporting
infrastructure mean that a technology developed in one country may not immedi-
ately be applied to another. This is often particularly acute in developing countries
where a lack of adaptive capacity may severely inhibit the diffusion of technology. An
example of adaptive innovation would be ensuring CCS plants and storage systems
work with local fuel sources and geological storage options.

A key issue relevant to innovation types involves ‘orphan’ areas of research, where
developed markets provide few incentives for innovation. Examples are drought
resistant African crops or small scale desalination — advances which can bring signif-
icant benefits to developing countries that are highly dependent on agricultural
production or lack easy access to fresh water. Orphan research areas can fall under any
of the three types of innovation; however, it is particularly relevant for adaptive
innovation owing to the low ability to pay for new technologies in many developing
countries.

Low carbon innovation is a global public good

National policies alone do not capture the global public good nature of low
carbon innovation, leading to a global undersupply of investment. Action
is required at the multilateral level to build on national actions and correct
market failures.

Low carbon knowledge and innovation have the classic elements of a global public
good (GPG) as, at a fundamental level, the benefits of low carbon innovation are non-
excludable and non-rivalrous in consumption across national borders. That is to say
that the use of new low carbon knowledge and innovation by one country does not
prevent others benefiting from it, and when one country decarbonises all will gain
from reduced global emissions. This means that in the absence of additional multi-
lateral action, private markets will under-invest in low carbon innovations relative
to the global social optimum.

In addition there are three specific cross-border coordination issues for delivering



low carbon innovation: intellectual property rules relating to specific products and
technologies under the Trade Related Aspects of Intellectual Property Rights (TRIPS)
agreement; networks and connectivity relating to the supporting infrastructure and
human capital necessary to use a new technology; and risk management relating to
the regulatory environment and business models used to develop and transfer ideas
and technology.

Although there is already significant public and private investment in low carbon
innovation in high income countries, this is often done with a view to creating national
competitive advantage (see policy failures section below). Competition is a crucial
factor in driving innovation but it does not fully capture all of the global public good
aspects of low carbon technologies. Therefore additional effort is required by the
global community to create an innovation system that takes risks to develop new,
disruptive technologies that are appropriate for both developed and developing
country economies; that encourages innovation in supporting networks (business
models and institutions) alongside new technology; and that allows for rapid diffusion
of new ideas and technologies after they are developed.

Multilateral action should help correct policy failure at the national level

There is significant policy failure in national R&D programmes. Currently
multilateral institutions do not sufficiently address cross-border issues of
risk management and networks of innovation. Action is required to create
a new balance of risk and reward to drive innovation forward.

R&D spending figures are notoriously difficult to compare since there are significant
differences between studies in terms of data collected and countries included. Public
spending in energy-related R&D and demonstration in IEA countries is about half
the level it was about 25 years ago, estimated at approximately $10 billion a year in
2006.2° Figure 1.8 below shows that public spending in R&D has significantly
decreased in G7 countries for most energy technologies since the mid-1980s. There
is also a strong bias towards certain technologies. In particular, nuclear power (both
fission and fusion) has received over half of all state R&D budgets from the G7
countries over the last two decades, more than five times the combined energy
efficiency budgets. Over the same timeframe energy RD&D as a share of total RD&D
in OECD countries has declined from 11% in 1985 to 3% in 2005.%7

Global R&D investment in non-energy sectors is mostly undertaken in the private

20 TEA, 2008a
27 Ibid.

Reframing the Low Carbon Innovation Challenge

N
O

Innovation and Technology Transfer



Reframing the Low Carbon Innovation Challenge

w
o

Innovation and Technology Transfer

sector, and is increasingly global in nature.?® Energy R&D, however, is mainly financed
by governments and around 40-60% of government energy R&D expenditure is used
to subsidise private R&D investment.? The public sector spent $9 billion in 2004 on
energy R&D, whilst private industry spent $4.5 billion in 2003.

Public policy has important implications for low carbon innovation. Public support to
capture the public good nature of R&D and to overcome other market failures is
critical for bringing new technologies to market. The crucial issue is ensuring the right
policy frameworks and incentives to use innovative capacity to solve multiple climate
change, energy security and climate resilience problems. Given the scale of private
sector contribution in overall R&D, as mentioned above, government action should
seek to leverage the power of private markets to solve low carbon innovation
challenges. The World Business Council for Sustainable Development (WBCSD)3°
argues for major changes in investment frameworks, and suggests that “in the absence
of strong policy support mechanisms and incentives, and while fossil fuels are cheap
and readily available, public and private funds are unlikely to deliver the necessary
technologies at a cost and scale necessary to address climate change”.

Figure 1.8: Public energy-related R&D spending in G-7 countries, 1985-2005
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Government and non-governmental organisations spent around $350 billion per year on R&D globally in 2006 (40% of
the total). Private sector spent the rest 60% ($525 billion per year). (Duga and Studt, 2007 cited in Office of Climate
Change, 2008).

29 Doornbosch and Upton (2006)

30 ‘World Business Council for Sustainable Development, 2007, p:5



Innovation is increasingly becoming international both in terms of finance and actual
research. The average R&D intensity of affiliates under foreign control is higher than
the R&D intensity of domestically controlled firms in most countries. This is the case
in Japan, Sweden, the United States and the United Kingdom and confirms “the
increasingly global dispersion of R&D activities as they move closer to markets and
to sources of knowledge (poles of excellence)”.3!

Major emerging economies are increasingly prioritising innovation and pursuing the
ambition of becoming competitive knowledge-based economies. In 2005, China
became the third largest R&D spender world wide (in purchasing power parity terms)
after the United States and Japan, with a growth of more than 18% a year between
2000 and 2005. Emerging economy firms are also increasingly investing in devel-
oped countries. A recent study showed that Chinese firms alone set up 37 R&D units
abroad of which 26 are based in developed countries (11 in the USA and 11 in the
EU).32 Emerging economy firms have also acquired developed country firms in order
to gain access to their intellectual property and markets. A leading Indian wind
turbine manufacturer, Suzlon Energy, recently acquired majority control of several
wind turbine technology and components suppliers, including Hansen and
REpower.33 Similarly, Brazil has been very successful in its national Ethanol
Programme, and is a leader in the global biofuel sector.

However, one of the main barriers to optimal innovation provision is that it is largely
dealt with at the national level and tends to be viewed as an extension of R&D policy.3*
This has led to tensions within the current policy system of many states:

«  Competing rationales: individual policy domains such as R&D and industrial
policy have their own communities. This can lead to competition for resources
both within and between different countries;

«  Short-termism in resource allocation: resources are often invested with a view
to generating short-term results rather than long-term solutions;

« Different imperatives for innovation policy: typically national economic imper-
atives dominate which can lead to difficulty when it needs to be coordinated with
environmental or development policy;

«  Fragmentation and segmentation: There is increasing fragmentation in national
policy responses to innovation at a time when greater coordination is required;

3 OECD, 2007, page: 17

32 yon Zedtwitz, 2005 cited in OECD, 2008a
33 Lewis, 2008

34 OECD, 2005a
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»  Competition and rival ambition: competition and turf wars between policy
officials/departments can skew R&D investment producing sub-optimal results.

In an increasingly globalised world these policy failures can significantly undermine
incentives to develop new low carbon innovations.

At the moment collaborative R&D is very weak, outside long term areas such as
nuclear fusion (e.g. ITER). Current national innovation strategies work against effec-
tive cooperation as they are fundamentally designed around national competitiveness
priorities, not to produce global public goods. For example, under the EU’s Frame-
work 6 research programme, 209 joint research projects, worth €1.3 billion, have
been signed with Chinese participation; however of this only €35 million was allocated
to Chinese researchers.?s Public R&D collaboration is little better between developed
countries in the energy area despite many cooperative agreements at the IEA (i.e.
Implementing Agreements).

Action at the multilateral level should seek to build and enhance national efforts,
rather than replace them, and increase incentives for effective cooperation.

Key Conclusions

«  While the science behind climate change is complex, there is widespread agree-
ment that atmospheric CO2 concentration should stabilise at 400-450 ppm by
2050 in order to ensure a temperature increase below 2°C and thus limit the most
serious environmental and humanitarian consequences;

«  Major investment in currently carbon intensive sectors will be made over the
coming decades. Rapid action is therefore required to avoid carbon lock-in and
ensure global emissions peak and reduce in the next 10-15 years. This will require
increased levels of innovation and diffusion to switch countries onto low carbon
development pathways;

« Innovation requires a balance between ‘push’ and ‘pull’ factors along the innova-
tion chain. Tackling climate change will require a combination of adaptive,
incremental and disruptive innovations which has implications for market regula-
tion and structure. Steps will also be required to ensure that ‘orphan’ areas of
research are supported;

«  There is significant policy failure in national R&D programmes. Currently multi-
lateral institutions do not sufficiently address cross-border issues of risk
management and networks of innovation;

35 Vialatte, 2008



Action is therefore required at the multilateral level to build on national efforts
and correct market failures to fully capture the global public good aspects of low
carbon innovation.

Reframing the Low Carbon Innovation Challenge
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2 Scale of the challenge — delivering
a 2°C world

2°C stabilisation will require rapid development and deployment of
low/zero carbon technologies in both developed and developing countries.
Mitigation scenarios provide examples of the technology mix and invest-
ment cost required to achieve this; however, effective risk management will
require a broad portfolio approach which accounts for the possibility of
technology and investment failure.

The challenge of delivering a 2°C world is considerable. Never before has the world
faced such an imperative to deliver radical improvements in both innovation and
diffusion within a given timescale. However, the ability of the global economy to
deliver such transformative solutions is equally formidable. History has shown that
in a variety of different fields, from the space race to the pharmaceuticals industry,
concerted effort can deliver immense results. Meeting this challenge requires
the large-scale delivery of new clean technologies and massive shifts in
investment on a global scale inside a given timeframe, and well above
current spending levels.

The test for the international community is to deliver a framework which can harness
the transformative power of the global economy and channel it in an effective manner.
As discussed in the previous chapter doing so will require cooperative action at the
multilateral level in order to fully capture the global public good aspect of low carbon
innovation. Therefore, the important questions to be answered are: what are the
technological options that could be employed in climate mitigation; how exactly would
they contribute to lowering of CO, emissions; how rapidly they can be introduced; and
what are the financial or investment dynamics required?

A variety of mitigation models have been put forward which describe scenarios for
future energy policy and highlight the technology roadmaps, investment shifts, and
timeframe across a variety of different target CO, levels. By analyzing the core
elements of these different models it is possible to draw out the implications for
innovation, diffusion and investment.

Table 2.1 provides an overall summary of the main mitigation models highlighting
their timeframes, CO,, target, types of technologies needed, and investment figures.
The scenarios provide a varied view of the possible energy future based on policy



decisions and investment in incremental and disruptive technologies. It is impor-
tant to note that scenarios are not predictions; they are analyses of
least-cost pathways to meet energy policy objectives, based on a set of
technology assumptions. They do not address the likelihood of outcomes or
climate policy instruments that could help them achieve their objectives, and it is
important to note that the optimism of the scenarios means that they can only be met
with global participation. The logistics needed to achieve this are not addressed.3¢

The relationship between CO, concentration targets and temperature change is
complex: using probability statistics synthesised from related research, the IPCC has
demonstrated that it is necessary to stabilise atmospheric concentrations of green-
house gases at around 450 ppm-eq to prevent a temperature increase of over 2°C
above pre industrial levels.?” The chances of reaching this target decrease as atmos-
pheric concentrations of greenhouse gases increase. Failure to meet the innovation
and investment targets put forward by these mitigation scenarios will result in much
of the world becoming locked-in to carbon intensive development and the risk of
experiencing catastrophic climate change on a global level.

The scenarios which present the most aggressive emissions reduction targets include
the IEA World Energy Outlook 2007 450 ppm Stabilisation Scenario; the IEA Energy
Technology Perspectives 2008 BLUE Map Scenarios; a Scenario presented by the
Stern Review Economics of Climate Change which combines IPCC climate data with
financial analysis on technology investment; a scenario presented by Shell which
analyses progressive policy changes entitled Blueprints; and a study by the Princeton
Climate Mitigation Institute Stabilisation Wedges Scenario.3®

All of the aggressive scenarios that focus on concentration levels between 450 and
550 ppm require the urgent acceleration of technology development and deployment
from business as usual projections. Fundamental elements for all of these scenarios
are increased energy efficiency across all sectors, introduction of renewable energy
and biofuels as diversified energy sources, and large-scale CCS. The timing for deploy-
ment of these technologies varies slightly, but quick deployment and diversification
of energy sources are emphasised throughout. In terms of investment, these scenarios
propose immediate scale-up for existing clean technologies and energy efficiency, as
well as a massive shift in investment in the medium and long term for incremental and
disruptive technologies.

The terminology used to describe activities varies by scenario and can cause confu-
sion. For the purposes of this report we make a distinction between early and late

36 TEA, 2008a
37 IPCC, 2007b, Chapter 10; see also Table 1.1 in Chapter I.

38 Pacala and Socolow, 2004

Scale of the challenge — delivering a 2°C world

w
[9)]

Innovation and Technology Transfer



Scale of the challenge — delivering a 2°C world

w
(o))

Innovation and Technology Transfer

Table 2.1: List of policy, exploratory and technology climate mitigation

scenarios3®
Source Scenario Description Time (02 target Technology Investment
frame Mix Figures
International | IEA WEO 2007 Provides a baseline 2030 885 — 1130 ppm | * Fossil fuels $22 trillion to
Energy Agency | Reference vision of how global (02-eq (660 - - oil, coal, meet fuel
Scenario energy markets are 790 ppm (02) natural gas demand
likely to evolve if « Efficient (cumulative
Governments do power investment in
nothing more to affect generation energy-supply
underlying trends in technologies | infrastructure).
energy demand and $5.7 trillion in
supply power genera-
tion sector
IEA WEO 2007 Areflection and global | 2030 550 ppm « Energy Shift in
Alternative compilation of current efficient investment by
Policy Scenario | government policies technologies | consumers in
aimed at addressing + Second energy efficient
the growth of energy generation appliances and
demand, energy biofuels equipment. Net
security, and * Renewables investment is
environmental - ((S $21.6 trillion,
sustainability. and $5.5 trillion
in the power
sector
IEA WEO 2007 Tests the sensitivity of | 2030 885 — 1130 ppm | * Fossil fuels $2 trillion over
High Growth India and China's (02-eq (660 = | * Nuclear the Reference
Scenario energy demand to 790 ppm (02) + Renewables | Scenario ($24
higher economic trillion)
growth rates and the
implications for global
energy trade and
energy-related green-
house-gas emissions.
IEA WEO 2007 Identifies a 2030 1450 ppm « Efficiency in Cumulative
450 ppm combination of fossil fuel use | investment in
Stabilisation technological changes in industry, power genera-
Scenario that would allow buildings and | tion sector is
the long-term transport $7.5 trillion.
stabilisation of * Nuclear Early retirement
atmospheric * Renewables of fossil fuel
greenhouse-gas + (S (strong capacity will
concentrations emphasis) cost $1 trillion.
at 450 ppm. * Quick No estimates
deployment | for cumulative
of clean overall
technologies | investment.
|EA ETP 2008 Global (02 emissions 2050 550 ppm Fossil fuels and | Total cumulative
Baseline grow rapidly, oil and current energy | investment
Scenario gas prices are high, mix between 2005

energy security is a
major concern

and 2050 = 254
trillion

39 For more detailed information on individual scenarios, visit the E3G website where a technical annex can be found; www.e3g.org.
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About “Innovation and Technology Transfer: Framework for
a Global Climate Deal”

In 2007 the Intergovernmental Panel on Climate Change (IPCC) released its most
definitive report to date, finding that human-induced climate change is already
happening and will lead to catastrophic results if not addressed quickly. Interna-
tional negotiations are underway on a post-2012 framework for stabilising global
greenhouse gas emissions and adapting to climate change impacts. An unprece-
dented global effort is required to accelerate innovation and diffusion of low
carbon and adaptation technologies. The challenge is formidable but history shows
that in a variety of fields, from the space race to the pharmaceuticals industry,
concerted effort can deliver transformative results.

This report proposes a new institutional framework for the innovation and
diffusion of low carbon and adaptation technologies, and points to critical features
needed in the international agreement due to be signed at the UNFCCC Conference
of the Parties in Copenhagen in December 2009. The report argues that:

Faster and broader innovation is critical for delivering climate security while
preserving energy security;

Current innovation programmes are not adequate to manage the risk of policy
failures and higher ranges of climate sensitivity;

Developed countries need to shift their national strategic innovation
priorities if international cooperation is to be effective;

Developing countries require support to build effective innovation systems not
just narrow technology transfer;

Delivering innovation faster and to scale requires the creation of strong new
markets for innovative low carbon products and a diversity of cooperation
initiatives;

A failure to constructively tackle IPR and competitiveness issues will limit
the pace of innovation and diffusion, and potentially poison the international
climate negotiations.

Further details about this publication, translated versions, downloadable
resources and news of related activities are available at www.e3g.org



