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Overview

Wind power is associated with fluctuations — that can be the difference between day and night, or seasonal, or in fact
from minute to minute. These fluctuations are a big challenge for the electricity supply system. Technically they can
lead to reliability and availability issues and economically they can cause volatile prices.
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which is seen as a loss for sustainability.
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The sustainability drivers at EU and Member State level will result in an increased share of renewable energy
sources. Wind energy is the most important renewable energy source in the Netherlands. To meet the long term
targets, large investment in wind-energy will be inevitable in the near future. Operators of the grid and the system
have to find ways to deal with the technical challenges posed by the fluctuations accompanying wind (and solar PV,
which is currently also developing rapidly). At the same time, a sizeable production of wind power may offer
economic opportunities since its marginal cost is almost zero and, hence, it could be a source of very cheap power.
Could it be possible to use this opportunity in order to develop efficient mechanisms through which the peaks and
troughs of wind power can be managed? That is the central issue addressed in this paper.

We acknowledge that there are many initiatives and research projects about finding ways to deal with the inter-
mittency of renewable energy sources such as wind or solar energy, but this project (Stikkelman et al. 2014) has its
unique, distinct approach. Unlike demand response initiatives that use the possibility to shift demand for power over
time (heat pumps, electric vehicles), our project involves the creation of additional demand when prices are very
low. In addition, the options we look at, concern an order of magnitude of MWs (compared to kWs for the typical
heat pump or electric vehicle). Moreover, we search for solutions within the context of a large industrial zone that
includes chemical industry, such as the Rotterdam Harbour. The goal is to find ways of converting cheap (excess)
power into products or processes with a high added value, so no subsidies are needed.

We develop a novel approach to explore the most promising options of using the excess power and to assess the
economic viability of each option (as the traditional approaches do not work well in this case). In addition, we have
developed a method for the institutional design, starting from a risk assessment for the entire chain. Our approach
combines an economic analysis with an analysis of the technologies and the process.
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Methods

For the design problem we are dealing with in this project, we need to make analyses for the technical context,
the economic context as well as the actor and process context.

To deal with the technical possibilities we organised several expert meetings in order to generate a wide range
of possible chemical and industrial processes which can “absorb” excess power, and identify their links.

For the analysis of the economic viability of certain options, we developed a new assessment tool. We first
calculate the “break-even” electricity price: for this price the variable cost of the process (or product) concerned can
be recovered. That means that during all hours that the electricity price is equal or below that “break-even” price any
fixed costs can be recovered. Based on estimates about the future price curves, one can then get some idea about the
maximum acceptable level of fixed cost. We also developed a simple way of displaying the economic viability of
the different options in a graph, which allows to easily compare several options.

Concerning the actors, we perform a systematic actor analysis combined with a risk analysis of the process in
order to identify if there are reasons for integration along the value chain of the process. Based on that analysis we
can recommend a design for the institutional organization of a certain “power-to-value” option.

Results

Based on a first ‘quick scan’ analysis of the wide range of options to use the excess wind power in the context
of the Rotterdam Harbour, we selected two ‘“power-to-value” options for which a complete technical and
institutional design has been elaborated.

The first one is converting excess power into steam (“power-to-steam”). There is a large demand for steam in
the Harbour area, which is currently produced from natural gas. If electricity prices are very low, however, using
electricity may be a cheaper option. As the fixed costs for a boiler are not that high, this option might already be
profitable with a small numbers of running hours in the year.

The other one is the production of (in the end) methanol through the Olah process (“power-to-liquids™). In this
chain, the excess power is first converted into hydrogen through electrolysis and this hydrogen subsequently reacts
with CO, to make methanol. This process is appealing because it allows to get rid of CO, and with low electricity
prices it may become economically viable as well.

Conclusions

The aim of this research project is to make an integrated technical and institutional design to outline how wind
energy peaks can be converted into value-added products by making optimal use of the synergies that may exist in
the Rotterdam Harbour area. As the number of hours that power prices are very low is limited, the existing industrial
infrastructure and (local) market for steam and intermediate or final products is vital for reducing the (additional)
investment cost for the power-to-value options, which improves their economic feasibility, in particular compared to
other sites that lack such industrial clusters and local market(s). Consequently, the implementation of such “power-
to-value” options in the Port of Rotterdam can contribute to the greening of the industrial processes in that area.

Of the two options we considered in more detail, the most promising appears to be the conversion of (cheap)
excess power into steam. That would mean that industrial plants would switch between gas and electricity as its
energy source for producing steam, depending on the (relative) prices of the two. The production of methanol
through the Olah process would be very interesting (and novel) from a technological perspective, but we estimate
that in the current market conditions it would not (yet) be economically attractive in the Port of Rotterdam area.
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