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The effects of meshed offshore grids on
offshore wind investment – a real options analysis
Sascha T. Schröder, Lena Kitzing
DTU Management Engineering

Abstract

Results

Offshore wind farms in future meshed offshore grids could be subject to different
regulatory regimes1,2. Feed-in tariffs would absorb market risk from wind farm
operators, whereas price premium mechanisms leave operators exposed to
market price signals. In this case, it plays a decisive role which price applies to a
node in an offshore grid.

The one-country case serves as the benchmark case. In this case, the difference
in risk exposure (here shown as standard deviation of IRR) of the feed-in tariff
(left) and price premium schemes (right) becomes apparent:

The stochastic analysis shows that there is a significant option value from the
operational flexibility to accessing several markets: The wind farm’s IRR increases
by up to 40% in the analysed (fictive) cases when connected to four neighbouring
countries. This is however only with access to the respective maximum price. For
nodal pricing, the wind farm will have to cope with lower IRRs when connected to
more than one country. This should be considered when designing the regulatory
regime and level of support in the offshore grid.
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We conduct our analysis on a generic offshore node based on four archetypical
markets with similar characteristics for an exemplary 600 MW offshore wind farm
with connections of 600 MW capacity to a different number of countries:
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If the offshore wind farm is always remunerated at the maximum neighbouring
price, the IRR increases with the number of countries while the spread decreases:
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The core objectives are to assess the financial impacts of different regulatory
regimes on an offshore wind farm in a meshed offshore grid. This covers both the
expected Internal Rate of Return (IRR) and the risk exposure.
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The offshore node will either be integrated into any of the neighbouring markets,
with access to the respective maximum price, or be subject to separate nodal
pricing3. We investigate the different regulatory regimes for connections to one to
four countries based on a stochastic model capturing uncertainties in prices and
line failures.
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Under nodal pricing and identical interconnector capacities, additional cables can
lead to a lower IRR due to congestion towards the high-price zones. However, the
results cannot be generalised: an increase from two to three connections is
beneficial for the offshore wind farm, but a further increase to four connections is
not.
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The price processes are modelled as plain mean reverting Wiener processes.
where:
Wt
κ
σ
x*

is a Wiener process with independent increments at Wt – Ws ~ N(0;t-s), for 0≤s<t
is the mean reversion factor of the market (exogenously given)
is the standard deviation of the market (exogenously given)
is the ‘normal’ level of the price xt, to which it tends to revert

The stochastic line failures are modelled with a Poisson-distributed occurrence and
a normally distributed duration. After a failure, an exponential recovery process
leads back to the nominal capacity illustrated in the 1-year figure below:
where e.g.:
yt
is the value of available interconnection capacity, being restricted to 0≤yt≤y ̂
ŷ
is the nominal capacity
i(t,ε)
is the binary variable that activates the line failure, with
εt
is a Poisson distributed random variable with mean of λ, εt ~ Pois(λ)
λ
reflects the expected number of line failures per year
j(t,θ)
is the variable that activates the recovery process after an outage
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When considering stochastic line failures, the offshore wind farm faces a far
higher risk if it has only one interconnector. The IRR results for the case with
access to the highest-price market are as follows:
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Conclusions
The regulatory framework in offshore grids has a decisive impact on the economics
of an offshore wind farm. Policy makers and regulators should ensure to design the
regulatory framework in a way that offshore wind farms are not facing the risk of a
significantly lower IRR than in the benchmark case. Under price premiums,
depending on the pricing scheme and the network topology, the support level may
therefore have to be adjusted accordingly.
The option value of increased interconnection is up to 15% of the offshore wind
farm’s IRR per additional market under a price premium and maximum price
access, whereas nodal pricing can decrease the IRR. From an integrated point of
view, this implies that an offshore wind farm operator may have an interest to
support or hamper the construction of new interconnectors, depending on the
regulatory framework.
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