Power Grid Optimiser

A software service for optimising the configuration of power distribution grids —by SINTEF
Digital

1. Introduction

DSOs aim to develop and manage their distribution grid in a way that is cost efficient, maximizes customer
satisfaction, and minimizes disruptions due to failure of grid components or maintenance. The ability to
determine the optimal network configuration in different situations is therefore central to
many DSO decision processes, from long term strategic planning to dynamic re-configuration in daily
operations. While each of these applications have unique features, they all depend on the ability to determine
a network configuration that is optimal in some sense, e.g. with respect to power loss, reliability (incl.
reserve capacity and expected loss of energy not delivered ("KILE")), load distribution, cost of
flexibility, customer satisfaction, and other quality measures.
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Note that we by the term "network configuration”, in general mean a combination of network switch settings
and targeted use of flexible energy resources (flexible demand, production, and storage). As a start, however,
we have considered only switch settings.

Currently, the PGO supports two applications:

1. The computation of a static "default configuration™ for a distribution grid. Today, such default
configurations are normally chosen based on a manual investigation of a very small number of
possible configurations. It is likely that configuration chosen in this way is not an optimal one, and
that a better configuration may be found with the proper tools.

2. The computation of a configuration schedule. That is, a sequence of configurations over a number of
time steps. This can be used in daily operations to make minor adjustments to the near-future
configurations. The aim is to remove predicted bottlenecks that appear due to variation in demand
and/or component vulnerability (due to weather), and so ensure a stable delivery.

Furthermore, the PGO may be used to evaluate any existing configuration, by computing the associated
power flow and measuring the relevant quality criteria.



We expect that usage of the PGO may achieve significant savings and added grid robustness, as compared to
the present practice of manually evaluating only a few candidate configurations. Furthermore, the technology
can be developed further for decision support in a range of different planning- and management tasks (see
Section 6).

Details about the internal workings of the PGO can be found in Section 3.

2. Using the PGO service

The PGO will shortly be available as a cloud-based service. However, if necessary, e.g. for security reasons,
it can also be running as a service in the DSO's internal service framework.

The PGO documentation includes a user manual and a full API reference, all of which is available through
the service address (Figure 1).
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The Power Grid Optimizer (PGO) is a software service for computing the optimal configuration of a power grid. Important links

That is, how to use switches and other grid components to optimise reliability, loss, balance, power quality and so on. This Version history
grid configuration is foermulated as a combinatorial optimisation problem, and solved using a suite of suitable optimisation

methods, both exact and approximate. By solving variations of this problem efficiently, the technolegy enables considerable

savings on several levels in DSO/TSO operations, ranging from long term investment analysis, through a dynamic adaptation

of the grid based on short term prognosis, to here-and-now re-configuration during maintenance or fault corrections.

In particular, the current version is written to compute solutions to the following question:

Given a power network and a periodized demand forecast, what is the best (cheapest, most
reliable, lowest effort...) configuration schedule?

A\ IMPORTANT

As SINTEF PGO is under active development, all the details presented here are subject to change.

Important links

= The service itself lives under the /api/ path. For instance, you can check the server status.

= The APl documentation for the PGQ service interface is available here. The link provides you with the opportunity to
test the interface manually, and to see the full APl documentation.

= Go to the user manual

= The PGO's page on SINTEF's web site is here.

Version history
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Version 2.2.123
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Figure 1: The ""front page' of the PGO service

The API

The API is http-based (see Figure 2). Simply put, this API can be used programmatically to:
o Upload a grid definition to the PGO server, e.g. taking data from third party software.



Create an optimization session, by uploading a forecasted or estimated demand for each consumer
Define the optimisation criterion by setting relative weight for quality measures such as "thermal
loss" or "Expected cost of energy not delivered™.

¢ Runan optimisation for this session, to produce a (near) optimal configuration for the associated
demand.

e Download the resulting configuration, along with the associated power flow, for local visualization
or insertion into third party software.

e Upload any configuration that may have been otherwise produced outside the PGO, and have it
evaluated in terms of power flow and configuration quality.
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[ Base URL: / ]
_Iswaggerivi/swagger.json

Networks N

‘ J/api/networks/{id} Returns a network that has previously been loaded into the server. ‘

. . q Creates a power network from the given JSON data, and stores it for use in optimization sessions. The given ID is used .
‘ —— /api/networks/{id} when creating a session to start optimization on this network.

l SR8 /api/networks/{id} Deletes the network with the given ID, if it exists. l

Analyses the network, and returns a human-readable report. This is useful during integration development, to
/api/networks/{id}/analysis get a sense of how compact the input network is, and if it can in any way be configured radially and connected
(in the sense that each consumers can be connected to exactly one provider).

‘ Japi/networks/{id}/connectivityStatus Checks whether the network can be configured with a valid radial configuration. ‘

Server v
‘ /api/server Retums the server's status ‘
Sessions v

‘ /api/sessions/{id} Returns the current status of a specified session ‘

. . . q Creates a session for solving a configuration problem on the server's power network. Throws an exception if a session with .
‘ s /api/sessions/{id} that id already exists. ’ ! ) ¥ . ‘ v

Figure 2: The APl documentation is available in the service. It is also possible to test each API call
manually through this Swagger interface.



Input data
The data that are necessary for using the PGO are:

e The distribution network data, including grid topology and the necessary physical properties of
switches, lines, buses, and transformers. These are typically taken from the DSO's "NIS" system. In
the project, Skagerak Nett extracted these data through direct export from the database of their NIS-
system, transformed the data to the PGQO's proprietary format, and entered the data through the
PGO's API as discussed above.

e Demand data: For a default configuration, this is a single demand figure for each of the consumers.
The data source for these data will depend on what you want to compute; they can represent a
normal average situation, a winter scenario, a worst-case scenario, etc.

Out of convenience, we have so far used a proprietary json-based format for defining the grid data. In the
future, we aim to support a direct import of CIM-based data, probably conforming to the results of the
DIGIN project.

3. Model and algorithms

This section gives a high-level overview of how we have defined the grid configuration optimisation
problem, and the various research challenges that we have addressed to solve it.

As mentioned above, we limit our definition of "grid configuration™ to determining an optimal setting for
each switch in the grid. In Norway, it is normally assumed that feasible configurations must be "radial™, in
the sense that in the resulting (configured) grid there is exactly one path from each bus to a substation (i.e.,
each bus gets power through exactly one connecting path from the higher-voltage transmission grid).
Furthermore, a feasible configuration must comply with current and voltage limits set for the various grid
components. Therefore, to determine whether a configuration is feasible, the corresponding power flow must
be computed for the entire grid. This computation is also the basis for evaluating the quality of the
configuration, e.g. in terms of robustness or power loss.

The number of possible configurations is 2", where n is the number of available switches. This
"exponentially exploding" number of possible configurations makes this a "hard" combinatorial optimization
problem. Solving the problem is made even more challenging by the need to compute the power flow for
every configuration that is considered, a computation that in itself is time consuming.

To develop this prototype, our challenge was to:

Develop an efficient (heuristic) optimisation algorithm for grid configuration

Develop an efficient power flow computation method, for use in the optimisation algorithm
Develop an easy-to-use API, to facilitate integration with DSO legacy systems.

Testing of the PGO prototype on real distribution net data.

The PGO employs a "meta-heuristic” search method for solving the optimisation algorithm, based on a fast
heuristic for constructing radial solutions, a local search for improving such solutions, and a "ruin-and-
recreate” diversification strategy. For the power flow calculations, we use an efficient "iterative"
implementation of the "Simplified DistFlow" algorithm, the efficiency of which rests on the assumption of
radiality. Other power flow algorithms are also included that can handle also "non-radial” configurations, but
these are not competitive for radial networks.

The PGO prototype has been evaluated on synthetic test data. Furthermore, we have tested that it seems to
produce good solutions on real world data from DSOs. Further testing and validation is on-going.



4. Roadmap

The current version of the PGO computes a (near) optimal grid configuration for a given description of the
distribution grid and estimated consumer demands. This ability is central to a wide range of DSO planning
and management applications, in which the goal is to ensure grid robustness (reserve capacity, KILE), while
minimising costs and maximizing customer satisfaction.

Other than the computation of a static "default” configuration or a short term configuration sequence, such
applications include:

e General what-if analysis, answering questions such as "what are the consequences if..:

O acertain grid component fails?

we connect a new customer here (or, how large a customer can we connect here)?
we can exploit a certain level of demand response flexibility at a certain location?
we replace or upgrade certain grid components, such as cables or transformers?
we invest in remote-controlled switches, or new batteries?
Etc.
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e More advanced investment analysis, such as:
0 What is the best combination of upgrades?
o If weinvest in remote-controlled switches, where should they be placed?

e Operational grid management applications, such as a short-term re-configuration of the grid to tackle
forecasted power flow bottlenecks, or optimal re-configuration during fault correction or
maintenance.

To evaluate the "best possible™ impact of any change to the distribution grid, one should determine the
corresponding best possible network configuration. This would enable the planner to consider the total
impact across the whole grid (assuming a suitable re-configuration will be made after the change). Today,
without planning tools with this ability, it is not possible to "see the whole picture”. Instead, planning
decisions are based on simpler, more local considerations.

The continued development of the PGO aims to resolve this situation.
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