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3.

Turbine placement affects
power extracted

OpenTidalFarm optimises turbine
micro-siting efficiently

Optimising the location of the
turbines in an array can have
an enormous impact upon
power that that array extracts
from the flow. [Funke 2014]
Bathymetric features and the
wakes from other turbines
result in a complex, rapidly
varying flow field.

OpenTidalFarm optimises the
locations of turbines in an array
using an efficient gradientbased optimisation algorithm.

In OpenTidalFarm, turbines
are parametrised as bump
functions of increased friction
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Optimising this function is
handled by OpenTidalFarm,
[opentidalfarm.org].
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7.

Conclusions
Determining the optimum number of
turbines on a site is a challenge. This is
because finding out how much power a
given number of turbines may be able to
produce is dependent upon the
placement of those turbines —
the micro-siting design.
An array that is appropriately sized for
the site and flow conditions can greatly
enhance the developer’s financial return
OpenTidalFarm optimises the array
micro-siting design and thus computes
the potential power which that number of
turbines could generate.

This is converted to a lifetime income,
and the lifetime cost for that number of
turbines is subtracted to calculate the
financial return on the array.
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Gaussian process regression is then
used to efficiently optimise the number of
turbines that are appropriate for a given
site.
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Arrays of different
numbers of turbines
on the same site will
have differing scopes
to extract power and
will be improved by
different amounts
through micro-siting
optimisation (d).
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4.

More turbines can result in less power
Increasing the number of turbines on a
given site increases the flow blockage and
can redirect flow around the site — reducing
flow velocity at the turbines (and thus power
extracted as can be seen in (d) above).
This results in reduced return on investment
in additional turbines — as shown by the
reduction in power per turbine.

Adding a simple cost model based on a
fixed price per turbine and a fixed income
per additional MW of installed capacity
yields a clear financial optimum.
Installing this optimum number of turbines
will maximise the developer’s return on
investment over the lifetime of the
installation.
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In the Orkney case (below), placing 20
more turbines than the optimum results in
75% of the potential return being
generated.
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6.

Case Study:
Pentland Firth

These sketch graphs illustrate the effect of increasing the number of turbines in a simple
channel.
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The power production is
computed by solving the nonlinear shallow water equations
using the finite element
method. This gives a much
more accurate flow field than a
super-position of analytical
wake models could achieve.

(x, y)

Suitable array sites have
high peak flow rates and
complex bathymetry which,
coupled with the presence of
turbines, results in complex,
rapidly spatially-varying and
turbulent flow conditions.

Since the power extracted
has a cubic dependancy on,
and thus significant
sensitivity to, the speed of
that flow, determining the
optimum number of turbines
to place on a given site, and
deciding where the individual
turbines should be located
are both challenging but
crucial problems.

(power =
f financial

Tidal turbines are devices
which extract energy from
tidally induced currents.
Device designs vary but, in
general, individual units may
be rated to, at most, a few
megawatts. The vision is for
energy to be extracted on a
an industrial scale by
installing many devices
(dozens to hundreds)
together in an array.

y example.

1.

Introduction

(a)

Maximising the power would result in an array
of 100 turbines generating 75% of the optimal
return. Consequently the realistic resource
assessment for this site is circa 5% lower than
the maximum that is technically feasible.

‘Sampling’ the number of
turbines - i.e. determining
the potential power output
of an array of a given
number of turbines on a
given site - requires a
micro-siting optimisation.
While OpenTidalFarm
achieves this efficiently
(and independently of the
number of turbines), it is
still computationally
expensive to take each
sample, and thus the
number of samples
required should, ideally, be
minimised.

Gaussian process
regression (GPR) is a
powerful technique to
minimise the
computational cost of
optimising expensive
functions — like power or
return as a function of
number of turbines
To find the optimal number
of turbines, samples are
taken strategically, and
GPR is used to make
estimations at unknown
points. This enables the
next sample to be chosen
and the optimisation
converges to the
maximum in a few
iterations

