4th International Conference on Ocean Energy, 17 October, Dublin

Can 1MW Tidal Systems compete with Off-shore wind?
An analysis of the opportunities and challenges associated with
scaling up
Marc Paish
Pulse Tidal ltd
The Electric Works
Sheffield
S12BJ
e-mail marc.paish@pulsetidal.com



Abstract

1.

With the focus of the tidal energy industry shifting
from demonstration to large scale deployment and
cost reduction, there is an important question which
is hard to avoid: Can 1MW tidal systems really
compete with multi megawatt offshore wind
turbines?

Introduction

When 1MW tidal systems were first proposed, offshore
wind was taking its first steps, and the “standard”
offshore wind turbine size was 2MW. Today, 6MW
turbines are being installed, larger designs are coming
forward and there is talk of 10MW or even 20MW
systems in the future. Scaling up has become central to
the wind industry’s strategy to make offshore wind
competitive; meanwhile, the tidal industry is still stuck
at 1MW.
There is no doubt that numerous financial, technical
and environmental constraints make 1MW the right
place to start. The question addressed here is whether
these systems are right for the long run, or whether they
will soon become obsolete as tidal turbines follow wind
turbines towards ever increasing capacity.

The answer to this question is not obvious. Total
offshore wind costs decline as turbines get bigger.
This is because infrastructure and maintenance
costs fall, but these gains are partly offset by turbine
costs increasing. The same counteracting influences
are likely to hold for tidal systems but if the balance
of costs in tidal power lies nearer the parts which
get more expensive as they get bigger, scaling up
may yield no benefits at all.

2. Turbine costs

The costs and benefits of scaling tidal systems can
therefore only be assessed by understanding the
balance of costs within a system, and how each cost
centre is affected as turbines increase in size. This
paper discusses the conclusions reached by the use
of Pulse Tidal’s techno-economic model to estimate
how the costs of a “generic” tidal turbine change
with scale. These results are then used as a basis for
answering the question of whether bigger will be
better for tidal systems, and if so, whether some
routes to higher unit capacity are better than others.

Even if installation, grid connection and
maintenance are ignored, assessing how costs change
with scale is complicated. The cost per MW of
electrical and control components tends to decline with
increasing scale. The cost per MW of generators tends
to stay the same, and the cost per MW of blades,
structures and gearboxes tends to increase.
Load-bearing parts suffer as turbines get bigger
because of the cube square law. Consider what happens
if you double the length of a turbine blade. The swept
area and power output increase by a factor of four, but
to cope with the higher forces the blade must be twice
as wide, and the structural material twice as thick. This
means that the material volume in the blade increases
by a factor of eight. There are many ways that
engineers can moderate this but there is no avoiding the
fundamental challenge.
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So how can all the different parts of a turbine be
considered appropriately? The only real answer is to
divide the system up into its component parts, consider
how the cost of each one changes with scale, then add
them all up. This type of model has been used to
generate the data discussed in this paper. The model
considers approximately 200 different elements of a
tidal stream turbine. The specification of each part is
linked to a hydrodynamic performance model, so any
change in the blades, or operating speed of the system
is immediately reflected in the dimensions and strength
requirements for components throughout the system.
These requirements are then used to estimate the cost
of the component. This analysis was developed to
analyse Pulse Stream systems, but is easily modified to
investigate the response of a more generic pitch
controlled tidal turbine, and this is what is discussed
here.
The conclusion from this analysis is shown in figure
1 below.

3.

Infrastructure costs

Installation costs are hard to estimate in both tidal
and wind. Variables such as geology, site location
prevailing weather and project size all have a major
impact on the per MW installation costs. Furthermore,
technology and procedures have been developing
quickly in recent years.
It is clear, however that installing a high capacity
cable, is not much more costly than installing a low
capacity cable, and installing a 5MW turbine is not five
times more expensive than installing a 1MW turbine.
Installation and infrastructure costs are therefore
relatively insensitive to turbine scale. This analysis
assumes that per MW infrastructure costs increase in
proportion to unit capacity to the power of 0.6. This
means that for every doubling in capacity, the
infrastructure cost increases by 1.5.
Figure 2, below shows the result when these costs
are factored into the analysis.
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Figure 2: Installed Tidal turbine cost trends
compared installed wind turbine cost trends

Figure 1: Tidal turbine cost trend compared with
wind turbine cost trend

Clearly this reveals a marked divergence between
tidal systems and wind systems. This is the result of a
difference in relative importance of turbine costs and
infrastructure costs.
Tidal turbines are expected to be significantly more
expensive per MW than wind turbines. This is largely
because exploitable tidal flows run at typically around
one fifth the speed of exploitable winds. This means
that the forces per MW for tidal systems are around
five times higher than they are for wind. Higher forces
inevitably translate into higher costs.
Tidal infrastructure costs however are likely to be
relatively low. This is because turbines are small and
relatively easily handled, and they can be closely
grouped and sited near to shore. These advantages will
be only partly offset by a more challenging
environment.
The relative importance of turbine cost in the overall
installed cost per MW for tidal systems therefore means
that scaling, will yield in terms of capital cost
reductions, for tidal systems than has been the case for
wind.

These results show cost as a proportion of the lowest
value, in order to make a clearer comparison between
the trends predicted for tidal and those found to hold
for wind. These figures suggest that the optimum scale
for a three bladed pitch controlled tidal turbine is just
under 1MW. This is disappointing as it rules out any
manufacturing cost savings from scaling up. However
it is almost identical to a similar curve of wind turbine
list price against capacity. The wind turbine data shown
here are based on data published in the 2004 edition of
Wind Energy The Facts 1. These figures have been
modified to show cost against capacity instead of the
original cost against rotor diameter.
It should be noted here that an up to date curve for
wind turbine costs, including dedicated large capacity
offshore wind designs, would certainly show a slower
increase in costs at the high capacity end. This would
illustrate how it is possible to reduce the impact of the
cube square through creative design. However it would
not undermine the principal conclusion from this
analysis, which is that above 1MW designers will face
increasing challenges to control costs.
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contrasts with the analysis for wind which shows a
strong trend for reduced costs at least as far as 7MW.
The other clear conclusion from this data is that
small tidal systems are highly sensitive to access costs,
while larger systems are more resilient. This reveals the
greatest challenge associated with the deployment of
relatively small turbines.

4. Operation and maintenance
The operation and maintenance costs of offshore
wind farms are now well understood, 3 and stand at
around three times those of onshore wind farms. O+M
costs can be divided into three main components;
external costs, such as insurance and rent, the cost of
spare parts, and the cost of accessing and working on
the turbines.
The cost of operation and maintenance for tidal
turbines is clearly not yet well understood. Given that
tidal systems will be similar to wind systems, it is
assumed that the cost of spares will be a similar
proportion of turbine costs. External costs will also be
similar to wind, so the uncertain element in O+M costs
will be the cost of access. In order to examine
sensitivity to access costs, three scenarios are
considered here, where access costs vary between one
and three times what is achieved in offshore wind.
This analysis assumes that:
 the difference between offshore wind and
onshore wind O+M costs reveals the cost of
access
 access costs are entirely insensitive to the
scale of turbines
 the cost of spare parts is proportional to the
capital cost of the turbine
 the cost of insurance and rent will be
proportional to installed capacity
 Tidal turbines will achieve the same
reliability as wind turbines

5.

The analysis presented here represents a very narrow
comparison between a modelled “generic” three bladed
pitch controlled tidal stream turbine, and real world
data from the wind industry. The purpose of the
research is not to predict future costs, or even the
optimum scale of future tidal turbines, as this will differ
with different technologies, but rather to reveal the
strategic pressures which will guide future
development.
This research re-affirms that 1MW is the correct
scale for the industry at this stage. Larger scale systems
may yield cost of energy savings, but these savings
would be realised over the lifetime of projects at the
expense of higher manufacturing costs. At a time when
securing capital is the major challenge, and future costs
and revenues are highly discounted, this is not an
attractive proposition.
It is clear that the scaling up of turbines is a
challenge, but that increasing capacity per foundation,
and cable connection is a clear winner. This leads to
the conclusion that installing multiple turbines on a
single foundation is a good idea.
One of the current dividing lines between tidal
stream technologies is between fixed pitch and variable
pitch technologies. Fixed pitch systems acquire lower
operational costs by investing more in the turbine.
Variable pitch systems accept higher operational costs,
in return for investing less in the turbine. It is clear
from this analysis that scaling up will offer greater
benefits for variable pitch systems than for fixed pitch
systems.
Finally, the question asked at the start of this paper
was whether 1MW tidal turbines could compete with
the new generation of offshore wind turbines. This
analysis suggests that relative to wind power, tidal
stream power has a valuable advantage in its potential
to install larger capacities per foundation, without
addressing the challenge of building ever larger
turbines. This will help control capital costs, but the
challenge remains with operation and maintenance.
This analysis shows that high access costs will quickly
lead to high cost of energy. If means can be found to
address this challenge, then the answer to the question
will surely be yes.

The calculations are based on the annual O+M costs
published by Ernst and Young1, on the assumption that
these apply for 3MW wind turbines.
These assumptions allow the annual per MW cost of
operation and maintenance to be estimated across the
whole range of turbine scales examined here, and the
results are shown below.
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Figure 2: Cost of energy trends
This graph clearly suggests that there are significant
benefits to be had from scaling tidal turbines. This
benefit is largely exhausted however by the time
turbines reach between 3MW where access costs are
low, and 4MW where access costs are high. This
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