TUTORIAL 5
Probabilistic Methods in Modern Electricity
Distribution Systems
Background
Following the Kyoto agreements and in the context of a liberalized energy market, decentralized
generation often based on renewable energy sources is emerging in medium (MV) and low voltage
(LV) grids. Those networks are becoming more and more active systems with power flows and
voltage profiles influenced by both generation and consumption. In the future, given the “20-20-20”
objectives of the European Union and the more ambitious objectives in some regions of Europe, the
expected penetration of decentralized generation in distribution grids could lead to a critical
behaviour of a system that has not been initially designed and sized to face power injections coming
from dispersed units.
In LV grids, one of the major problems that could be met by the Distribution System Operators
(DSO) comes from overvoltage in the neighbourhood of a decentralized generation unit. Such a
situation could happen during periods of low consumption and high production of the dispersed
units, especially on long circuits. Reverse power flows going up towards the MV/LV transformer
can then degrade the network stability. In the MV grids, the major problems due to a massive
integration of distributed generation (mainly wind parks) are due to congestions of power lines
and/or to overvoltage in the neighbourhood of the dispersed generation units.
The DSO is responsible for the security of its system and power quality. For example, Distribution
Network Operators must keep steady-state voltages within the limits stipulated in the regulations
(e.g. +10/-6% during 98% of the week in Australia, ± 10% during 95 % of the week in the European
standard EN 50160…). Practically, the DG units connected to the distribution systems are
characterized by a strong random behaviour and it is thus mandatory for DSOs to use probabilistic
approach in order to undertake adequate decisions when dealing with the safe operation of their
networks. In that way, it is important to mention that ensuring an adequate level of security in the
system is based on a management process going from the longer (investment decisions) to the
shorter term (consideration of generation uncertainties in the J-1 management process as well as in
the real-time operation of the grid).
The long term analysis is necessary in order to define tailored solutions to the massive integration of
DGs, considering technical and economic constraints. Initially, in order to estimate investments, the
N-1 criterion was widely used and had the objective to guarantee (at all time) a safe operation of the
system even if a major component was off. Consequently, with the introduction of fluctuating

generation and in the context of adjusted investment decisions, this approach was leading to
overestimated reinforcements and had thus to be completed in order to undertake decisions based on
an accurate quantification of critical (overvoltage, congestion) situations in the distribution system.
Therefore, Probabilistic Load Flow techniques have been developed in order to accurately assess
the uncertainty associated to fluctuating DG generation and can be based on analytical, nonsequential or sequential environment given the pursued objectives.
In the same way, J-1 management of the distribution system involves the need for more complex
algorithms for the operational part (based on a sequential approach) in order to study the impact of
complex mechanisms associated, for example, to load flexibility or storage. The implementation of
such mechanisms requires predictions of random quantities (aggregated load, wind generation…) in
order to define a limited number of representative scenarios (prediction models to be used, how to
aggregate the scenarios…) on which optimization processes are applied. Finally, real-time operation
of the distribution system implies control and protection of the system under uncertainties (need of
very short-term predictions, adapted control schemes in case of emergency…). Moreover, MV and
LV measurements are generally not sufficient to give an accurate estimation of the system state.
State estimation techniques which compute the grid state starting from the available measurements
(use of pseudo-measurement techniques, extrapolation, etc.) have to be applied, and may be based
on probabilistic approaches.

Aim of the tutorial
This tutorial aims to emphasize on the importance of probabilistic methods for the management of
modern distribution systems. In that way, dedicated DG models, developed tools and examples of
application will be detailed for different time horizons (long term, J-1 and real-time operation) and
will be compared to traditional deterministic approach with the objective of highlighting differences
and potential pros linked to probabilistic methods.

Content
1. Introduction
The goal of this part is to answer the following questions: why using probabilities in distribution
systems? What are the sources of uncertainties (Renewable Energy Sources or RES, load, etc.)?
Some simple examples will be displayed regarding the optimization of investments and
operational costs at J-1 and from a long-term point of view.
The different time horizons, which are involved in modern electricity distribution grids, will be
described (planning, day ahead, real-time).
2. Strategic planning
Strategic planning in distribution grids requires performing stochastic load-flows on radial
networks in order to assess the behaviour of the electrical system under uncertainties. Such tools
allow evaluating the technical-economical performances of mitigation solutions (e.g. PV droop
control, etc.). Several approaches of increasing complexity and accuracy will be presented:
a. Analytical methods. Concern mainly the HLI level (generation and consumption are
respectively aggregated, the physical grid is not modelled and considered as a black box). The
only objective is the minimization of investment costs. Different types of adequacy indexes will
be introduced (e.g. Loss of Load Probability or LOLP, etc.). Simple analytical models based on
the combination of cumulative distribution functions (CDFs) and power curves for wind

generation will be presented. Simple 2-state models for classical generation and aggregated load
distribution will also be defined.
Illustration – The sizing of a generation park using the aforementioned methods will be
presented.
b. Non-sequential methods. The objective is here to consider the electrical (transmission and/or
distribution) grid with its physical components and to evaluate investments using a very longterm view of the system (all the possible system states are simulated but successive states are
totally time independent). This kind of approach leads to simple models but is not able to model
the strong time dependence intrinsically present in Renewable Energy Sources. Therefore, they
are not suited to evaluate the benefits of load flexibility systems for instance. Some algorithms
will be listed (Monte Carlo algorithms, neural networks, fuzzy logic, etc.). Emphasis will be
given on the simple Monte Carlo approach in the presentation.
Illustration - one CDF by wind park, aggregated loads and 2-state classical generation models
will be defined. Geographical correlation will be taken into account via clustering approaches
and adequate sampling. Some examples specially dedicated to non-sequential Monte Carlo
algorithms will be provided.
c. Pseudo-sequential methods. These methods constitute a particular application of nonsequential methods, with CDFs further defined at different time intervals (e.g. at each quarter of
an hour). The transitions between time states remain however totally independent (“pseudosequential”). Indeed, when PV generation has to be considered, non-sequential models could be
unsatisfying as PV is equal to zero during nights. In that way, random sampling can no more be
done on one single annual distribution, but independent distributions of PV generation have to
be defined for each quarter of an hour of the day.
Illustration - The algorithms will be applied in LV grids with a high penetration of PV
generation. Smart metering data will be employed to that end. A technical-economic evaluation
of mitigation solutions (PV inverter droop control, load shifting incentives, etc.) will be
provided.
d. Sequential methods. Some mitigation solutions (such as load shifting and storage for
instance) introduce a strong time coupling between successive network states. A pseudosequential approach may not therefore be sufficient. Sequential methods are mandatory since
they consider realistic transitions between states. The algorithms related to such approaches will
be exposed, with an emphasis on the sequential Monte Carlo method.
Illustration - Time series models to establish representative trajectories in time will be
presented. A bibliographical review, a comparison between some common models, the setting
of representative evaluation criteria will also be provided. A full test case will be presented,
which emphasizes the importance of such models regarding the technical indices.
3. J-1 management
In this case, the purpose is to generate command sequences regarding load shifting or storage
for instance (time of charge/discharge, etc.), which consider the uncertain evolution of the
system during the next 24 hours. The goal is to avoid operational problems such as congestion

or overvoltage. In that way, dynamic programming provides an appropriate mathematical
formalism, which will be presented.
Again, predictions of random quantities (aggregated MV/LV load, wind generation, etc.) will be
needed. As the computational burden related to dynamic programming is usually high, a limited
number of representative scenarios needs to be defined (by using for instance clustering
techniques).
An example concerning the optimal use of storage devices will be provided at the MV level.
4. Real-time operation
This part addresses the corrective control of the network in case of emergency (i.e. when
decisions taken at J-1 are not sufficient to ensure a safe operation of the grid). In this context
again, actions must be taken under uncertainties, based on very short-term predictions of
uncertain quantities.
Moreover, these decisions require a sufficient knowledge of the monitored system. Practically,
in distribution grids, there is a lack of MV and LV measurements (which is not the case for HV
networks). State estimation techniques are needed, which compute the grid state starting from
the available measurements (use of pseudo-measurement techniques, extrapolation, etc.). In this
tutorial, we will present some state estimation and corrective control techniques based on the
existing literature, and focus on the use of probabilistic predictions in this framework.
5. Conclusions pointing out the main benefits related to the use of probabilistic methods in
distribution systems

Expected benefits
Participants will gain an improved understanding of the main challenge that represents the use of
probabilistic methods when it comes to planning process and adequate investment decisions in
modern distribution grids. In that way, several tools and stochastic models will be presented and
applied to different test cases. Moreover, the three main time horizons considered when it comes to
network management will be treated, going from the strategic planning to the real-time operation.
Participants will be aware of the main advantages of probabilistic methods compared to
deterministic ones.

Who should attend
-Distribution System Operators that could benefit from the proposed information to complete or
adapt their planning approach in a context of massive integration of fluctuating dispersed
generation;
-Academics that will be introduced to a strategic research field of modern distribution grids. They
could benefit from the return of experience as well as from the state of the art proposed by the
authors in order to be aware of the current and future needs.

Support material
A copy of all the presentation material used in the tutorial will be supplied to delegates.
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