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Abstract

This chapter aims to present the design and development of a decision support system
(DSS) for the analysis, simulation, planning, and operation of maintenance and customer
services in electric power distribution system (EPDS). The main objective of the DSS is to
improve the decision-making processes through visualization tools and simulation of real
cases in the EPDS, in order to allow better planning in the short, medium, and long term.
Therefore, the DSS helps managers and decision-makers to reduce maintenance and opera-
tional costs, to improve system reliability, and to analyze new scenarios and conditions for
system expansion planning. First, we introduce the key challenges faced by the decision-
makers in the planning and operation of maintenance and customer services in EPDS. Next,
we discuss the benefits and the requirements for the DSS design and development, includ-
ing use cases modeling and the software architecture. Afterwards, we present the capabili-
ties of the DSS and discuss important decisions made during the implementation phases.
We conclude the chapter with a discussion about the obtained results, pointing out the pos-
sible enhancements of the DSS, future extensions, and new use cases that may be addressed.

Keywords: decision support system, system reliability, visualization tools, maintenance,
customer services, electric power distribution

1. Introduction

A reliable and efficient power grid plays a central role in the infrastructure of a country, with
a huge impact to its economic and social progress. An uninterrupted, secure, and efficient
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356 System Reliability

power flow since generators to consumers is not only desirable but an important require-
ment for a reliable power grid, where electricity must be produced and delivered in the right
amount at the right time.

Although electrical energy can be stored on energy storage systems (EESs), like batteries, to be
available at the consumer side in case of a network fault, this is yet not an economically viable
solution for bulky quantities [1]. Albeit rapid progress has been observed in the development
of EES in the last years, mainly driven by the requirements imposed by the introduction of
renewable energy resources into the electric power system, several drawbacks are still pres-
ent. Most EES technologies are not yet mature, have very limited lifetime, low power/energy
density and/or low storage capacity, and always have a round-trip efficiency penalty due to
the required charge/discharge cycles [2].

Even in case of higher EES availability at the consumer side due to the current trend of tech-
nology evolution and price reduction, there is also the increasing penetration of renewable
generation sources near to the consumer, known as distributed generation (DG). As such,
DG sources are being adopted at a growing rate by the consumers; they also bring more
challenges to the system operators and to the distribution infrastructure, imposing a higher
demand for network reliability, mainly at distribution level [3].

This situation is even more challenging when considering the aging infrastructure of dis-
tribution systems, uncertainties and regulatory changes, the entry of new players into the
energy market (e.g. prosumer), the constant pressure for cost reduction, and the more strin-
gent requirements of reliability. On the contrary, the modernization of the distribution system
with the deployment of information and communication technologies (ICTs) and the integra-
tion with operational technologies (OTs) is enabling a smarter grid and helping the distribu-
tion system operators (DSOs) to face those challenges in a better condition. Nevertheless,
the deployment of those smart grid technologies, such as advanced metering infrastructure
(AMI) and supervisory control and data acquisition systems (SCADA), also brings new deci-
sion variables to the DSOs and, consequently, the need of decision support systems (DSSs) to
help them in their decision-making processes [4].

In the literature, several works have been published with proposals of DSS targeted to support
the decision-making of the different players in the electric power systems, such as electric utili-
ties, producers, consumers, and market regulators. In Refs. [5] and [6], DSSs were proposed
for assisting the competitors in their trading strategies for the electricity market. Also, for the
utility companies, there are proposals of DSS for the planning and expansion of the distribution
system network based on geographic information system (GIS) [7, 8], for power grid operation
and planning considering meteorological conditions [9], for analyzing disturbances of electrical
power distribution transformers to diagnosing failures [10], and for assisting utilities to com-
ply with the limits of sulfur dioxide (SO,) emissions [11]. Additionally, some DSSs have been
proposed for the producers and consumers, including support for the calculation of the solar
energy potential of surfaces in urban landscapes [12], for managing energy-efficient buildings
[13], and also for assisting consumers to participate in demand response programs [14]. There
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are still proposals of DSS for assisting regulators in deciding about the installation of DG facili-
ties [15] and about the deregulation of the electricity market [1].

Different from prior works, the main contribution of the DSS proposed here is in supporting
the distribution system operators in the planning and the execution of customer and main-
tenance services, which are introduced in the next section. In the sequel, the design and the
development of the DSS are reported in the third section. The evaluation of the DSS is left for
the fourth section, followed by our concluding remarks at the end of the chapter.

2. Customer and maintenance services in the electric power
distribution system

The electric utilities are responsible for maintenance services required to maintain the dis-
tribution network operating satisfactorily. Accordingly, the utility shall allocate its material
and human resources (e.g. maintenance crews) in order to attend its customers and to fix
the network as soon as possible in case of emergency (e.g. equipment failures and black-
outs). However, due to the resources constraints, there is a need to prioritize emergency
orders over normal maintenance orders, while taking the best decision possible regarding
the available maintenance teams and the required response time for each order in the ser-
vice queue.

The decision problem that must be solved by system operators working at the utility com-
pany is called the emergency dispatching and routing problem (EDRP) and can be stated as
follows. Given pending emergency work orders and normal work orders in a service queue,
and a set of available maintenance teams, to allocate the emergency orders to the crews in
order to minimize the waiting time, which is defined as the sum of the travel time and the
execution times of normal orders under execution or scheduled to be executed before the
pending emergency orders.

It is important to note that the ERDP is dynamic by nature, given that new emergency orders
may arrive in an unpredictable manner, changing the inputs of the problem and, thus, requir-
ing a real time and continuous decision-making process. Therefore, a new dispatching solu-
tion must be found during the execution of the previously defined routes, possibly requiring
changes to the routes assigned to the teams and the insertion of new emergency orders into
their service queue. On the other hand, the decision process must take into account several
conflicting criteria, such as the minimization of the required time to complete the emergency
orders and the reduction of the cost incurred by the changes in the assigned routes. Note
that the routing cost includes the delays of the previously assigned services and the possible
decrease of the work efficiency, which is the ratio of effective service time to the total spent
time (i.e. service times plus travel times). The relationship among the decision variables and
decision outputs is represented in Figure 1, while the overall decision process is illustrated
in Figure 2.
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As shown in Figure 1, the main goals of the decision-maker are the increasing of the work
efficiency and the reducing of the operational cost, the response time, and, consequently, the
penalties incurred. Yet, the response time influences the calculation of the electric power dis-
tribution system (EPDS) reliability indices, such that the reduction of the response time has
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The assessment of the EPDS reliability is done by a set of reliability indices, whose definitions
and forms of calculation can be found in Ref. [16]. In general, the reliability indices are mea-
surements of the system performance and represent the frequency, duration, and magnitude
of the interruptions of the electric energy supply. To this end, their calculations may take into
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account the number of customers, the connected load, the duration of the interruption, the
amount of power interrupted, and the frequency of interruptions.

In summary, the following reliability indices can be used: System Average Interruption
Frequency Index (SAIFI), System Average Interruption Duration Index (SAIDI), Customer
Average Interruption Duration Index (CAIDI), Customer Total Average Interruption Duration
Index (CTAIDI), Customer Average Interruption Frequency Index (CAIFI), Average Service
Availability Index (ASAI), Customers Experiencing Long Interruption Durations (CELID),
Average System Interruption Frequency Index (ASIFI), Average System Interruption Duration
Index (ASIDI), Momentary Average Interruption Frequency Index (MAIFI), Momentary
Average Interruption Event Frequency Index (MAIFIE), Customers Experiencing Multiple
Sustained Interruption, and Momentary Interruption Events (CEMSMIn). However, the most
commonly used indices are SAIFI, SAIDI, CAIDI, and ASAI, which provide information
about the average EPDS performance [16].

SAIFI and SAIDI give information, respectively, about the average frequency and duration
of sustained interruptions experienced by the customers over a predefined period of time,
usually 1 year, and a predefined area. Mathematically, SAIFI is the ratio between the total
number of customers affected by the interruption and the total number of customers served
in that area, while SAIFI is the ratio between the sum of the number of customers affected by
each interruption multiplied by the restoration time of each interruption and the total num-
ber of customers served in that area. SAIFI and SAIDI are, respectively, given in Egs. (1) and
(2), where Ni is the number of customers interrupted for each sustained interruption event, Nt
is the total number of customers served for the area, and ¢ is the restoration time for each
interruption

SAIFT = &3 (1)
sanm = 2N 2)

CAID], by its turn, gives information about the average time needed to restore service.
Mathematically, it is the ratio between the sum of the durations of customer interruptions
and the total number of customers served. Equivalently, it is the ratio between SAIDI and
SAIF], as given in Eq. (3)

SAIDI
©)

CAIDI = o3

Finally, ASAI represents a fraction of time of the defined reporting period, usually 8760 h
(equivalent to 1 year), which the average customer has received power. It is given in Eq. (4),
where Nhy is the number of hours in 1 year and is equal to 8760 h in a non-leap year and 8784 h
in a leap year

Nt x Nhy— } tixNi 1 SAIDI

ASAL = Nt x Nhy - Nhy 4)
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3. Decision support system design and development

The proposed DSS, named Pladin (a contraction of “dynamic planner”), was designed using
a three-tier architecture based on a client/server model, as shown in Figure 3. The client/
server model was chosen to allow the DSS to support its deployment in a cloud infrastruc-
ture. According to Ref. [17], cloud-based systems are attractive for utility companies due to
the business model (i.e. memory/computation elasticity, scalability, economies of scale, pay-
as-you-go model, etc.), beyond offering more efficiency, productivity, and anywhere access.
Moreover, the deployment of a DSS in cloud is also interesting due to the possibly large
variability of the required computing resources (e.g. memory and computing power) and the
complete integration with web-based GIS portals when required [12].

In order to implement the proposed architecture, modern web technologies have been selected
and employed according to the requirements of each layer of the DSS, as shown in Figure 4.
On the server side, the decision models, the database access, and the middleware were imple-
mented in Java language, where the middleware follows a Spring MVC [18] design pattern
and the database access is managed by the Hibernate ORM tool [19]. On the client side, the
user interface was implemented in Javascript language, following the React JS [20] and the
Redux JS [21] frameworks. Additionally, the client/server data exchange is implemented as
a web service Application Programming Interface (API) based on the Representational State
Transfer (REST) architecture [22] using JavaScript Object Notation (JSON) data format [23].

The next step in the development process of the DSS was the design of the user interface,
where special attention has been given to provide to the user visualization tools, such as maps
and graphs, which are valuable for assisting her/him in the decision-making process given
the spatial and temporal complexity of the problem at hand. Thus, the user interface has been
prototyped and developed, according to the modeled use cases, which are shown in Figure 5.

Web application

(user interface)

client

. server
Middleware

(client/server interface)

Figure 3. DSS three-layer architecture based on a client/server model.
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Due to the foreseen complexity of the user interface and the evolving requirements, it was
decided to develop it as single-page application (SPA). Single-page applications are web
applications written in Javascript that almost fully execute on the web browser at the client
side, thus similar to desktop applications (i.e. applications that run natively). Some of the
advantages of SPAs are flexibility, easy maintenance and deployment, rich visual experience,
and a clear separation of concerns.

When developing an SPA, a choice of some architecture can ease the development and the main-
tenance of the application. There are basically four main architectures used in SPAs: model-
view-controller (MVC), model-view-presenter (MVP), model-view-view-model (MVVM), and
Flux. Flux is the most recent one and brings several advantages over the other architectures,

mainly compared to the well-known MVC.

View dispatch

Select teams and
orders on a route

Filter orders
by priority

View map
and graphs
Select dispatch
by graph

View and edit
dispatch table

Figure 5. DSS use cases modeling.
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In the MVC architecture, as shown in Figure 6, the model is responsible for maintaining and
updating the application data, the view displays the data to the user (in some visual form) and
receives his/her inputs, and the controller is in charge of taking the user inputs to update the
model and to notify the view of the updates of the mode. The main principle of the MVC is the
separation between the three components, which allows the implementation of different views
for the same model and improves testability of the components. However, the MVC architec-
ture is not easily scalable due to the need of adding more instances of the components (models,
views, and controllers) as the application grows and the increasing difficulty of reasoning
about the logic of the application due to the bidirectional data flows among the components.

The lack of the scalability of the MVC motivated the introduction of the Flux architecture,
which adheres to the philosophy of unidirectional data flow. In Flux, as shown in Figure 7,
there are four components: the action creators, the dispatcher, the stores, and the views. The
dispatcher, the stores, and the views are components with independent inputs and outputs,
while the action creators are components that create, as the name suggests, special objects
known as actions, which carry the data of the application (payload) and a unique property
that identifies the action type.

The dispatcher is a central hub that manages all the data flow in the application by main-
taining a registry of callbacks into the stores. These callbacks are used as a mechanism for
distributing the actions to the stores, thus inverting the control of the application. Actions are
generated in the application usually in response to the user interaction with the views or may
come from the server. Then, each generated action goes to the stores via the dispatcher and
is processed in the stores. The stores contain the application state (data) and logic, and are
somewhat similar to the models in MVC. However, the stores can manage the state of many
objects and not a single one as models in MVC.

Controller

Notify

Update

Model View

Figure 6. MVC architecture.

N

Action Creator <

Dispatcher Store View

Action Creator

Figure 7. Flux architecture.
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After receiving an action, a store interprets it according to the action’s type using a switch
statement. Then, the store updates its state and broadcasts an event declaring that its state has
changed. In turn, special kinds of view, which are known as controller views, listen for events
broadcast by the stores that they depend on. These controller views sit on top of a hierarchy
of views and are able to obtain the data from the store and pass it down to their descendant
views. Usually, the entire state of store is passed down the chain of views, so that views can
take the part of the state they need and update themselves accordingly. Finally, views can
create new actions based on the user interaction, closing the flow loop.

Basically, the Flux architecture avoids the complexities of the MVC architecture, mainly due
to the restriction of unidirectional data flow in the application, which make easy for reasoning
about the application workings. However, it is possible to simplify the Flux architecture even
further in order for using a single store in the application. This concept is behind of Redux,
which is an implementation of the Flux architecture, with added constraints in order to make
it a predictable state container for the application, as shown in Figure 8.

Redux follows three fundamental principles: single source of truth, read-only state, and
changes made with pure functions [21]. The first principle means that state of the whole appli-
cation is stored in a single store as an object tree, which allows for easier debugging of the
application. The second principle implies that it is only possible to change the state emitting
actions, which are processed one by one in a strict ordering, avoiding race conditions and
simplifying logging and debugging. And the third principle means that a new state of the
application is created by a reducer, which is a function that takes as inputs the previous state
and the action, and returns the next state without mutating the previous state. Therefore,
because the state transitioning in Redux is done by functions (i.e. reducers) instead of event
emitters as in the original Flux architecture, the Redux architecture does not have the concept
of a dispatcher and allows easier composing of reducers. In fact, due to the several qualities
of Redux compared to other alternatives architectures, such as simplicity, scalability, and pre-
dictability, it has been chosen as the basis architecture of the proposed DSS.

action | | user interaction
l Action Creator |<

, (previous state, action) =&gt; next state

action

Action Creator Reducers

Figure 8. Redux architecture.

4. Evaluation of the developed decision support system

In this section, implemented use cases are presented and discussed. The first one is the
“View dispatch” case, where the user can have an overview of a dispatch solution for a given
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instance of the dispatching problem. The instance is based on the user selection of the posi-
tion of an operating base and the target date. Then, the user can select from a list one of the
available dispatching solutions for the chosen day in order to have a graphical overview of
its characteristics, such as the number of crews and orders, the classification and the priority
assignment of the orders and the distribution of the execution and travel times by orders and
by crews. A sample screen of this use case is shown in Figure 9.
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Figure 9. Sample screen of “View dispatch” use case of the Pladin DSS.
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After the user has selected a dispatching solution, he/she also can view the routes taken for
each crew, according to the “View routing” use case. This use case allows the user to analyze
the quality of the proposed dispatching solution with assistance of graphical tools, which are
provided according to the use case “View map and graphs.” A sample screen including both
use cases is shown in Figure 10.

From the screen shown in Figure 10, the user also can access four other functionalities, which
are implementations for the use cases “Filter orders by priority,” “Select teams and orders on
aroute,” “Select dispatch by graph,” and “View and edit dispatch table.” These use cases are
highlighted in Figure 11.

Using the Pladin DSS, the user can better take his/her decisions for the planning and the
execution of customer and maintenance services in the electric power distribution system.
Therefore, he/she can appropriately allocate the available resources (e.g. teams) for improving
the efficiency of the teams by reducing travel and response times. Thus, leading ultimately to
reduce operational costs and improving the distribution system reliability.

5. Conclusions

In this chapter, we have introduced a web-based decision support system aimed to aid dis-
tribution system operators for planning and executing customer and maintenance services in
the electric power distribution system. The DSS provides visualization tools for supporting
the user decision to better allocating the available resources in order to solve the emergency
dispatching and routing problem in real time.

In addition, the user interface of the DSS also allows for tweaking the input parameters, in
order to change the solution for improving the work efficiency and reducing operational
costs. Moreover, the user has access to facilities for analyzing what-if scenarios and studying
the influence of the decision variables in the solution provided by the DSS.

Finally, due to the simplicity and the scalability of the chosen application architecture, it is
expected that future extensions and enhancements will be added for improving it. Currently,
the DSS is being used by the system operators working at a utility company located at the
South Brazil, and thus the enhancements will be added after receiving the feedback of the
current users. Possible enhancements and new use cases include the addition of more visu-
alization tools and analytics services, artificial intelligence techniques, and the integration of
more information sources.
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