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Overview

Due to the rise of Smart Grids, new players and services are emerging and can have an impact on decision-making
process in distribution networks. More particularly, new technologies like Demand Response (DR), curtailment of
generation, Distributed Energy Resources (DER’s) and other renewable energy technologies are bringing a significant
challenge for the future of our electricity grids, which in past for many decades, were driven by centralized generation
and a linear demand growth. Nowadays, many uncertainties exist: when, where and in what quantity will these new
services or players appear in the network? For example, the case of load shedding could make it possible to size
network equipment below the theoretical maximum power of customers (consumers or producers). In this context, the
evolution of distribution networks and investment decisions (conductors and transformers) can no longer be based
solely on deterministic assumptions of load evolution.

Classically, the DSO might consider a deterministic rate of peak load variation in the coming years and base their
investment strategy on it. However, this method does not take into consideration the possibility of faster/slower growth
rate, induced by socio-economic events, such as a recession or an economic boom in an area, or by trend change, such
as an increase in the number of electrical vehicles. Consequently, improvements of the method are necessary to mitigate
the effect of these uncertainties on the decision-making process.

In this paper we focus on the uncertainty of maximal power and the flexibility to choose between different topologies of
electric network. If the maximal power is sufficiently important, a DSO may decide to reconfigure the network and
change the initial structure with an alternative one. Because the DSO is interested in optimizing its power losses costs at
specific times, the level of maximal power determines his willingness to undertake the reinforcement cost associated to
the increase of lines. Therefore, the major purpose of this paper is to derive a rule for switching between different
electrical grid configurations and thus, to answer the question: Given the uncertain evolution of maximal power, how
long should a DSO wait before introducing a new branch to the already existing network and reconfiguring the load
connections?

To solve this problem, we apply a real option approach, which offers a different perspective of the decision under
uncertainty and flexibility of choice. When it comes to real options in conjunction to investments in electricity
distribution networks, there is very little reporting in scientific publications. For example, during our survey we
identified the papers of Schachter and Mancarella (2016) and Schachter et.al. (2016). The former presents a literature
review and methodological insights from real options theory and their potential use in electricity distribution networks,
while the latter consider an uncertain evolution of the peak demand through Monte Carlo simulations in order to
highlight a particular investment strategy for the DSO. Our article aims to contribute to this literature by considering a
stochastic maximal power variation in a continuous-time framework, and provide an analytical model with closed-form
solutions which allows a full treatment of the dynamic aspects of the decision to reconsider the configuration of the
network.
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Methods

We model the maximal power as a continuous stochastic process such as a Geometric Brownian Motion. This uncertain
evolution may be related to short term conditions like weather or more longer term effects such as increase in the
economic activity, changes in the consumer behaviour or arrival of new technologies. We use dynamic programming



techniques and theoretical tools from Dixit and Pindyck (1994) and Guerra et.al. (2016) to derive the threshold of
maximal power for which a DSO should be inclined to choose an alternative network configuration.

Results

We find an analytical expression of the optimal level of the maximal power. The threshold of the peak power for which
it is interesting to reinforce the network is higher than the one in conventional case. The result illustrates that, if the
peak power of electricity is uncertain, the DSO should wait longer before adding a new line. When new information
arrives over time, the DSO has the flexibility to use it and thus to choose the optimal timing. If there is significant
uncertainty about future power, the real options embedded in incremental investment programs (such as small grid
upgrades) or other approaches that defer grid investment (such as the use of grid alternatives) can be very valuable,
potentially outweighing the economies of scale advantage of large upgrades. Moreover, through a comparative statics
analysis, we infer the sensitivity of the option value to reconfigure the network with respect to the volatility of the peak
power, the associated investment cost or other types of costs of power losses, the growth rate or the discount rate

Conclusions

The goal of this paper is to show how the economic theory can incorporate the uncertainty and the managerial flexibility
which may be available in investment decisions related to electricity distribution networks. Our closed-form solutions
may offer recommendations for decision makers who need to modify their strategies continuously under a highly
uncertain context.
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