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Growth Factors

Strategic and security
of supply

Financial

Technology and risks

Assumptions: 2005-2010

gradually to 5.0p/kWh by 2020.

£80m capital investment is made to support
academic R&D, engineering design and
prototype testing. This comprises government
grants and venture capital investments.

Between £120m and £200m capital investment
is made into project development of initial
wave farms. This comprises private equity
investments in projects and government
capital grants.

Technology development is continuous and
occurs at a rate proportionate to the amount
of finance available.

Academic R&D efforts accelerate beyond
current levels and focus on key barriers to
cost-competitiveness.

Detailed design optimisation of better
developed technologies progresses in parallel
with work to prove/disprove alternative
concepts.

Large-scale prototypes of several types of
wave energy converter and tidal stream
energy generator are successfully
demonstrated.

In proportion to the capital available for
project development, development of initial
wave and tidal stream farms proceeds to a
total installed capacity of between 60 MW and
100 MW.

Progress with proving large-scale prototypes
and initial farms dictates overall progress.

Survivability, performance and reliability
become clearer due to the results of large-
scale prototypes, but uncertainty remains
about large-scale farms.

Progress with technology development is not
fast enough for a market pull to occur.

Assumptions: 2010-2020

) Fossil fuel prices are at sustained high levels, leading the base cost of electricity to rise

) There is still a cost gap after capacity

limits associated with current support
schemes are reached.

But the success of demonstrating
prototypes (see below) motivates
further government support and
private investment in both technology
development and project
development.

Technologies converge on five or
fewer optimal concepts (both wave
and tidal stream). Subsequent efforts
are focused on developing these.

The convergence of technologies
reduces the number of isolated actors
and allows technology development to
accelerate.

Industrial R&D picks up in parallel
with continuing academic R&D.

Larger farms up to several tens of
megawatts are developed, and their
performance and reliability is
demonstrated.

A market pull occurs and causes
deployment rates to accelerate
rapidly.
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Growth Factors Assumptions: 2005-2010 Assumptions: 2010-2020

) Risks are managed in progressive, step-wise technology and project development
programmes.

) Technical risks in design, construction, installation and operation are well managed by the
application of appropriate standards and testing.

Electricity networks ) Developers of initial wave and tidal stream ) Project developers seek connections
farms seek connection points where no for projects of tens of megawatts
upgrade is required. Network capacity does installed capacity, some of which
not increase due to demand from marine require upgrades.

renewables projects.

) Overall, there are sufficient grid-connectable
wave energy sites that distribution network
capacity is not a constraint. However, the
capacity of most sites is limited to 10 MW,
and the choice of larger sites is restricted.

Environmental and ) The environmental impacts of large-scale prototype wave energy converters and tidal
regulatory stream energy generators are monitored. Developments in some coastal areas are
prohibited or restricted by ecological concerns, but this does not restrict overall growth.

) Regulatory arrangements to consent and permit wave and tidal stream farms are
developed. They include strategic environmental assessment and spatial planning, both
of which facilitate rather than hinder developments. Projects take between 12 and
24 months to consent from the time a proposal is raised with the relevant authorities.

5.3 Estimates of future grOWth ) The overall deployment is greater than the current
installed capacity of UK wind farms, and equivalent

Deployment by 2020 to several large offshore wind farms®; and

Based on the ‘what you need to believe’ model, we predict ) The progress in increasing installed capacity is similar to

that up to a few gigawatts of wave and tidal stream energy wind energy worldwide between 1980 and 1990. For

could be installed across Europe by 2020. Specifically, our comparison, the box overleaf gives further details of

analysis indicates that between 1.0 GW and 2.5 GW of the historic progress of wind energy, including amounts

each of wave energy and tidal stream energy could be of public support.

nstalled. It is possible that a large share of the deployment

The investment necessary to reach these levels of envisaged across Europe could occur in the UK. If this

deployment, costs of support above the rising base price happened, up to one sixth of the UK government aspiration

and level of carbon dioxide abatements are shown in of 20% renewable energy by 2020 could be met by marine

Figure 15 below. To put the table in context: renewables (i.e. about 3% of total UK electricity demand).

Figure 15 Conclusions from growth model to 2020 across Europe

Wave energy Tidal stream energy

Total installed capacity (MW) 1,000 to 2,500 1,000 to 2,500
Total capital deployed (Em) 1,000 to 2,500 1,000 to 2,500
NPV cost of support above base electricity cost (Em) 700 to 2,200 500 to 2,000
Annual carbon dioxide abatement (MtCO,/y) 1.0to0 3.3 1.0 to 3.7

“*For instance, the London Array is proposed to have a total installed capacity of 1.0 GW. Source: London Array Ltd.



Future growth 31

Although the contribution to reducing carbon emissions Further benefits of the UK taking a leadership role in
would be relatively small in the context of total UK market development relate to the potential for economic
emissions, it could still be a significant share of the returns, as indicated in Section 2 and discussed further in
contribution by UK renewables overall. Section 6.

Comparisons with wind power

Technology

Wave energy converters and tidal stream energy generators have similarities to wind turbines, such as in their use of
structural materials (steel, concrete) and components and unit generation capacities. Construction and operation of
wave and tidal stream farms are also likely to be similar to offshore wind farms.

Overall, wave and tidal stream technology is at a similar stage to wind technology in the 1970s and early 1980s, when
a range of wind turbine concepts were being investigated, and it was uncertain which, if any, concept would become
cost-competitive. Wind turbine manufacturers converged on the 3-bladed upwind horizontal-axis design, and
competitiveness with conventional generation has now been demonstrated for high wind speed sites.

Growth

Largely since technology convergence, the growth of wind power has been rapid. Global installed capacity grew from
around 10 MW in 1980 to 2.0 GW in 1990 (see Figure 16), and exceeded 50 GW during 2005. Average growth has been
15.8% over the past five years*.

Figure 16 Growth of wind energy worldwide
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Note: The bars show worldwide cumulative installed capacity and the line indicates costs of energy.
Sources: = Growth figures: BTM Consult (2005);

« Cost of energy data 1980-1994 for Denmark: Chapman and Gross (2003), The technical and economic potential of renewable energy
generating technologies: Potentials and cost reductions to 2020; and
« Cost of energy data 1995-2005 for Denmark and USA: Milborrow (2006), Windpower Monthly vol 22., No.1.

Cost reduction and subsidy support

Figure 16 indicates how the cost of wind energy has reduced with growth in installed capacity. Evidence of the cost
reduction trend was seen in the UK during the 1990s, with NFFO® contract prices falling from 10.0p/kWh to below
3.0p/kWh*. Learning rates appear to have differed over time (meaning they depend on the time interval chosen for
analysis) and between countries, but an overall rate of 18% has been identified®.

Growth in installed capacity would not have occurred without subsidy support, and the cost of wind power is unlikely
to have reduced to the extent it has without growth. By extension, therefore, the cost of wind power has been
reduced by subsidies. Total subsidy support by European countries and the USA totals the equivalent of several £b*,
including £714 million support under successive NFFO rounds in the UK*.




Deployment beyond 2020

Although it is difficult to characterise growth after 2020,
estimates of the total resource size (see Section 2) suggest
that the industry could develop much further beyond this
date, both in the UK and worldwide.

5.4 Conclusions

Although dependant on a complex array of factors, there
is considerable potential for marine renewables to grow.
By 2020, several gigawatts of generating capacity could
be installed, and potentially meet a small but significant
share of the 2020 UK renewables aspiration. Beyond 2020,
the industry could grow much further.

*“Source: BTM Consult (2005).

“Non-Fossil Fuel Obligation (England and Wales), Scottish Renewables Order and Northern Ireland Non-Fossil Fuel Obligation.

“*Source: DTI (2001), A summary of the experience of wind energy support through the NFFO. Note that between the early NFFO rounds, the price reduction

was partly due to a change in contract length.

“"sources: Junginger et al (2005), Global experience curves for wind farms; IEA (2000), Experience Curves for Energy Technology Policy.

*Information on subsidy levels in different countries is fragmented, but the following are useful indications: The US spent $1.2 billion (1999 dollars) between
1947 and 1999 on wind energy subsidies (Source; Goldberg (2000), Federal energy subsidies: Not all technologies are created equal). Denmark spent DKr 3.8
billion (about €0.75 billion) on subsidies for wind between 1993 and 1998, including tax expenditures and prices subsidies (Source: O’Brien et al (2001),
Encouraging Environmentally Sustainable Growth In Denmark, Economics Department Working Papers No. 277, OECD; in money of the day). Germany is
estimated to have spent a total €1.4 billion on R&D support, price subsidies and feed-in tariffs up to 2000, (source: Neij et al (2003), Experience curves- a
tool for energy policy programme assessment). A different source indicates Germany spent around €1 billion on wind support in 2001 alone (Source:
Eurelectric (2004), A Quantitative Assessment of Direct Support Schemes for Renewables). Data collated by Paul Arwas Associates.

“Between 1990 and 2001. Source: Frontier Economics (2001), Evaluation of DTI Support for New and Renewable Energy under NFFO and the Supporting

Programme



6. Next steps

The preceding sections indicate the potential for future
cost reduction of wave and tidal stream energy generation,
and how growth could occur over the next fifteen years.
Based on this evidence and our experience of working with
technology developers in the MEC, this final section draws
conclusions on next steps for the development of marine
renewables in the UK.

6.1 Overall perspective

At a high level, we consider that UK public and private
sector organisations should continue to encourage the
creation of a wave and tidal stream industry. This view is
based on:

) The potential for low carbon electricity generation in
this country and others, which could be highly material
amongst efforts to combat climate change and increase
security of energy supplies; and
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) The potential significant economic returns to the UK
from sales of generation devices, project development
and revenue from electricity generation, as indicated
in Section 2.

The UK is well placed to leverage its skills and experience
in offshore oil and gas, ship-building and power generation
to accelerate progress in the marine renewables sector and
capture the economic value for the UK. While technologies
are at early stages, support and investment in technology
development can be seen as maintaining the option of
marine renewables for future years, looking ahead to the
time when cost reductions have occurred to an extent
where the technologies are competitive with other
conventional and renewable generation.

We consider there is a strong case for industry to
accelerate the overall pace of development of marine
renewables beyond current levels, which translates into

Figure 17 Key actions to put marine renewables on the path to growth

Technology developers ) Maintain strong focus on cost reduction; and

) Accelerate engineering testing and prototype demonstration to develop track records of
survivability, reliability and generation performance characteristics.

Public sector funders ) Give increased support over time for marine renewables technology development, with
greater support for RD&D and cross-cutting technology issues to help deliver cost reductions;

) Support marine renewables project development from now into the medium term,
contingent on technologies proving technically viable in the first instance, and later,

evidence of reducing costs; and

) Develop a clear long-term policy framework of support to the sector to give greater

investment certainty.

Academic researchers ) Place greater emphasis on cost reduction topics, particularly to overcome cost barriers

and funding bodies

that are common to many device concepts.

Ofgem and electricity ) Actively consider the future capacity of wave and tidal stream energy when planning grid

network operators modifications and upgrades.

Government, industry ) Take a pragmatic, prioritised approach to overcoming environmental uncertainties; and

and environmental
stakeholders

) Take a proportionate approach to local environmental impacts of small developments,

recognising the global environmental benefits of low carbon generation from future,

larger projects.
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a requirement for both significant further public support
and private investment in development activities.

Given the current costs of energy found in this study, we
think that considerable emphasis needs to be placed on
cost reduction to ensure the commercial viability of wave
and tidal stream technologies. The MEC has demonstrated
that certain technologies have considerable potential

for cost reduction, but further efforts in maximising
performance and minimising capital and O&M costs will
be needed for some years to come.

Key to the availability of private equity is clarity of the
route to market, particularly in recognition of the cost gap
between marine renewables and other means of generating
electricity. Our cost-competitiveness analysis indicates
that public support for costs of energy above those of
conventional power and other renewables will be necessary
in the medium term.

Figure 17 summarises our view of actions key players
should consider to accelerate progress.

6.2 Strategic development
objectives

With wave and tidal stream energy resources being
significant in the UK and overseas (see Section 2) there is
potential for both strong domestic and export markets in
marine renewables. Noting the experience of countries
exporting generation technologies (particularly Denmark
with wind turbines™), considerable returns can be gained

from developing both generation products and services to
construct, install and operate in parallel. We consider that
to maximise economic returns and make the fastest
progress towards cost reduction and growth, UK plc should
encourage both wave and tidal stream technology
development and project development. We therefore see a
need for a two-pronged approach to public support and
private investment, which:

) Accelerates the progress of technology development,
through ongoing RD&D into concept and detailed
engineering design to bring about substantial reductions
in cost; and

) Encourages early development of wave and tidal stream
farms to accelerate learning effects.

Noting the key barriers identified in this report of high
costs, uncertain costs and performance, and the unproven
nature and diversity of technologies, we identify four key
objectives for development support:

1. Maximise the extent of cost reductions by all four of the
routes identified in this study (concept design
improvements, detailed design optimisations, economies
of scale and learning). For offshore wave energy, set an
environment for fast learning and maximise the
likelihood of step change cost reductions;

2. Increase certainty about costs and performance;
3. Develop track records of survivability and reliability; and

4. Encourage convergence on optimal technologies as soon
as possible.

*For details, see the case study in Carbon Trust (2003), Building Options for UK Renewable Energy.



Approach to technology development

Our assessment of a range of technologies in the MEC leads
us to the view that there are no fundamental engineering
barriers to the technical proving of wave and tidal stream
energy devices. However, considerable further engineering
effort will be necessary to see wave energy converters and
tidal stream energy generators succeed.

To maximise the likelihood of success, we see a strong
need to:

Accelerate the development of promising technologies
that are already advanced. This should not be without
heed to the balance of progress and risks, but is in
recognition that a considerable number of engineering
challenges lie ahead;

Continue investigating promising concepts that are less
advanced but have potential to compete with current
front-runners; especially those offering step change cost
reductions. This is because current front-runners may
not ultimately be most economic; and

Stop developing unpromising technologies. This sounds
obvious, but, in our assessment, some concepts
currently being pursued, including those falling outside
the lowest-cost groups described in Section 3, are
unlikely ever to be cost-competitive.

Technical barriers to project development

Apart from generation technologies, there are a range of
technical barriers to development of wave and tidal stream
farms. These are related to financing and insurance, and
can be defined on a top-down basis by considering the
evidence needed to satisfy a technical due diligence
exercise. Present uncertainties include a lack of:

Proven methodologies to conduct resource assessments
and energy yield predictions, which are key inputs to
project financial models;

Standards for certification of device structural integrity,
reliability and moorings or foundations; and

Evidence of long-term availability, linked to robust
maintenance philosophies.

Again, from an engineering perspective, we see no reasons
why these barriers cannot be overcome. Some are likely to
be solved in the course of technology development, but we
see a role for coordinated industry projects in parallel.

6.3 Development costs
and timescales

Our experience of the MEC and observations about the
progress of technology development teams indicate that:

Evaluation of wave and tidal stream concepts to the
point that costs of energy are reasonably firm can cost
up to several hundred thousand pounds;

Development of engineering designs to the point of
finalisation for initial large-scale prototypes is likely to
cost several million pounds; and

Manufacturing, installation and testing a large-scale
prototype is also likely to cost several million pounds.

Furthermore, the capital costs of initial wave and tidal
stream farms are likely to be upwards of £56m per project,
with several hundred thousand pounds of O&M costs.

Given the progress of successful technology development
teams to date, we think the passage of designs from initial
concepts to full-scale prototypes is likely to take at least
five years. Initial projects could take between one year and
three years to develop and finance, and can be expected to
operate for at least 5-10 years in order to make
investments worthwhile. Noting these timescales, it can be
concluded that substantial public funding and private
investment in technology development is likely to be
needed for at least 10 years. In addition, public support for
project development will be necessary for at least 15 years.

6.4 Approach to future support
and investment

We consider that greater private investment in technology
development is likely to be most material to accelerating
progress and achieving cost reductions. At present, there is
an important role for venture capital and strategic
investments, and more involvement of both large industrial
equipment manufacturers and smaller, more specialist
manufacturers, fabricators and installers could bring great
benefits.

However, public funding and policy support are also
critical, and public sector organisations need to take a
leadership role for two key reasons:

While technology risks are high, the appetite of private
investors in technology development will be limited.
Interest is picking up but will take time to grow as
uncertainty reduces and track records are developed; and



In order for technology developers to make robust cases
for private investment, they must be able to
demonstrate a clear route to market which satisfies
investors’ entry and exit criteria. Crucially, this requires
a visible long-term policy commitment to support cost
reduction and growth.

6.5 Next steps for the
Carbon Trust

Based on the success of the MEC, the Carbon Trust intends
to continue to play an active role in supporting marine
renewables. We are already forming ideas of what to do
next in discussion with industry players and will develop
these over the coming months. We are also developing the
above conclusions within a review of the policy framework
to support renewables to 2010 and 2020, which will form
part of our input to the UK Energy Review and be
published later in 2006.

As further specific outcomes of this work, we intend
to publish two technical reports:

A summary of the MEC methodology for cost of energy
assessment. This is to help others replicate the MEC
process and help bring clarity and consistency to the
commercial assessment of device concepts; and

A summary of R&D requirements for cost reduction.
This is to input to the R&D Roadmap initiative being
conducted by Edinburgh University under the Future
Sources of Energy theme of the UK Energy Research
Centre.
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