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Abstract. This work presents an Ad-hoc Web-Based
SCADA for microgrid supervision and management. The
SCADA was developed for centralized demand-driven
microgrid control. It was designed for usability, incorporating a
user-friendly human machine interface (HMI) based on the
mash-up philosophy, which can be easily adapted by the user.
This work presents a user-focused alternative for microgrid
management.
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1. Introduction

As microgrids are able to reduce problems related to the
use of standard electrical power supply, they have
become an effective and balanced tool to aid in the use of
local sources of renewable and non-renewable energy.
Microgrids offer distinct advantages, such as improved
energy efficiency, minimization of overall energy
consumption, reduced environmental impact,
improvement of reliability and resilience, operational
network benefits, and more cost-efficient replacement of
electrical infrastructures.

In [1], microgrids are categorized in two modes. In the
first, not island or connected mode, the microgrid is
connected to the main network. In the second, island
mode, the microgrid is not connected to the principal
network in the case of planned events, such as
maintenance tasks; or unforeseen circumstances, such as
failures or sudden disconnections from the main network.

In not island mode there are two ways of managing the
energy production of the microgrid. The first is based on
the premise of a minimal exchange of energy with the
main network. The microgrid generates energy according
to demand, consuming as little energy as possible from
the main network. In the second, the microgrid
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participates in the market, buying and selling energy. In
this case the microgrid produces energy to satisfy its own
demands as well as to supply other microgrids.
Alternatively, the microgrid can buy energy from other
sources. This is often the case when energy is available at
a relatively cheap rate, or when the energy generated is
insufficient.

In order to manage the two microgrid categories, two
architectures are proposed. They are described in [2]. In
the hierarchical architecture there is a Central Controller
element that governs the Local Controllers of the energy
sources. In the decentralized architecture, the control is
replicated in the Local Controllers of the energy sources.

In addition to the functioning mode and the type of
control of the microgrid, it is necessary to set several
parameters in order to optimize the management of the
microgrid. It is necessary to know the power demand and
the cost of producing this energy. With these parameters
and using forecasting algorithms or real-time
mathematical models, it is possible to determine how
much energy is produced by each microgrid source and
thus, to achieve the most efficient configuration. In both
cases, several parameters must be inserted in the system
in order to calculate the final distribution.

One of the principal advantages of microgrids is the
reduction of production costs and of energy consumption.
As the saying goes:“If you can’t measure it, you can’t
improve it”. The capacity to monitor the functioning of
the system, and therefore to visualize any variable (such
as production, demand or gas emission); as well as any
abnormal state of the system (such as mal-functioning or
raised consumption), will help to optimize energy
management in microgrids.

The use of a SCADA (Supervisory Control and Data
Adquisition) makes configuration and supervision of
microgrids easier. Any layman can make modifications
such as the introduction of a new energy source in the
system. The user can adapt the system by simply
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introducing information, (such as the efficiency curve or
the cost of fuel), by means of intuitive interfaces and
simple screens which the user can personalize.

Total knowledge of the functioning of every element
allows the user to supervise the system at all times, and
therefore to resolve unforeseen situations quickly. The
user is able to control the system in functions such as
starting or stopping sources of energy.

This research is focused on a connected mode microgrid,
aiming for a minimal exchange of energy with the main
network. The microgrid has hierarchical architecture and
uses a real time system to calculate energy production.
This type of microgrid increases the quantity of energy
produced and reduces costs.

This paper proposes an innovative SCADA as a control
and supervision system for connected mode microgrids
with hierarquical control. This flexible and simple
SCADA system is based on mash-up interfaces. One of
its main advantages is that the components are based on
free software and therefore require no economic outlay.

2. Related Work

There are various studies into microgrid control systems
which differ in their architecture: distributed or
hierarchical.

In distributed control systems each energy source is
responsible for its own control. Each energy source has a
Local Controller responsible for computing the actions
necessary for smooth running of the equipment. In this
type of architecture there is no master controller, that is
to say, all controllers are at the same level. This type of
architecture is explored in various works such as [3],
focusing on solving problems related to electricity supply
problems in populations located far from the power plant.

Long power transmission lines lose energy, power supply
quality decreases and bottlenecks can appear in
distribution and transmission. To solve these problems a
microgrid is used to minimize the distance between the
point of power generation and the loads. Power supply
improvement is the only objective in [3], but production
cost is not taken into account.

In hierarchical based control systems there is a Central
Controller (MGCC) that heads the control system. At the
second level, there are controllers located at microsources
(MC) which exchange information with the MGCC and
are in charge of the operation at each MG point.

As an example of this kind of architecture, a noteworthy
work is proposed in [2]. This research focuses on the
inclusion of microgrids in the power market, making it
possible to buy or sell energy. The General Controller,
which operates as the master of the system, includes
several control functionalities: dispatching of active and
reactive-power to microsources, demand management,
and control of connection of different elements. It is
based on the forecast of load and renewable production,
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and information from the open market. The result is an
economical energy production plan to set the
microsources and the loads to be supplied over the
following hours. However, this architecture does not
allow control of economic or environmental costs or on-
line running, which would allow the microgrid generation
to adapt to variations in demand.

The research developed in [4], is focused on running and
environmental cost. In this case, several mathematical
methods are studied (SQP, MADS and genetic
algorithms), which provide an economical energy
production plan consisting of the settings of the
microsources and loads to be supplied. These
mathematics methods are used in real time to minimize
fuel consumption and to control costs and emissions,
while satisfying power demand. In this case the
microgrid does not sell or buy energy. Although these
methods are used in real time, they are excessively slow
and they require high performance machines.

In [5], an alternative to these mathematical methods is
proposed: an algorithm based on the generation of
electrical cost functions of microsources. Using this
algorithm, microgrids can be power controlled on-line,
minimizing running cost and greenhouse emissions, and
allowing seamless integration in the system. Furthermore,
only low-cost, off-the-shelf logic controllers are
necessary. This algorithm uses external data such as the
number of microsources of the microgrid, fuel cost used
by each energy source, and their efficiency functions.
These efficiency functions are found in the
manufacturer’s technical specifications of the energy
source. This curve is specified as a table of power-
efficiency values which must be inserted in the system
manually. The insertion of data may pose difficulties as
program modification may be required each time a new
energy source is plugged into the microgrid. An HMI,
specifically a SCADA, facilitates the job, allowing easy
introduction of configuration variables at any time. A
SCADA also offers a supervision function. In a
microgrid which aims for cost minimization, the
variables that can affect this saving must be known at all
times. The SCADA informs the user of each variable
clearly and simply. The user can see the state of all of the
system variables, as well as any alarm states, at any time.
He can even modify the microsources.

There are SCADASs on the market that can be adapted to
microgrids; however they offer many functions that
increase cost without offering any added wvalue.
Moreover, they require the use of specific hardware and
software. The SCADA proposed in this work offers the
functions needed for supervision and control in this kind
of microgrids at nearly zero cost, with complete freedom
in terms of the hardware used.

There are various studies in which a SCADA is proposed
for microgrid supervision and control without this being
the main aim of study. Many of these SCADAs are
developed for concrete systems but they lack the
flexibility necessary to allow them to adapt to changes in
the system. As an example, in [6] a web SCADA is
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proposed for a microgrid in the energy market. However,
as the microgrid considered in this work aims to
minimize the energy exchange with the grid, a Web
SCADA is not the best solution. Others, like [7], depend
on specific hardware. The SCADA proposed is hardware
independent; because of the use of a standard
communication protocol, it is able to communicate with
any device that uses this protocol. In this work a web
SCADA is proposed for real-time control of the
Hierarchical microgrid presented in [5]. This is a user-
oriented web SCADA without the complexity of a
general purpose SCADA and with user-friendly
interfaces.

3. Arquitecture

The general architecture of the system is shown in Figure
1. It has a series of layers that give the user access to field
variables. The OPC client accesses the OPC server and
can obtain the variables from the general controller. The
information is sent to the XML-DA server which allows
REST requests, making it possible to visualise the
information using a web interface.

User2

User 1

User 3
u..
-
Web Interface
{E2Web)

REST (HTTP)

REST
Gateway
HML-Dy

. (SOAP over HTTP)

User M

Y

“World Wide Web
(HTTR)

QPG DA = XML DA
Gateway

OPCDA —"

m Central Contraller

Wind Turbine Diasel Engine

|

Grid Load

Microturbine

Fuel Cell

Solar Ce\i

Fig. 1. General system architecture

Communication can travel in the opposite direction, so
that the user can modify the field variables across the
web interface. This architecture allows communication
between the physical elements of the process and the
Internet. Communication with the field elements is based
on the OPC standard [8]. The OPC standard is a non-
propietary technical specification created by an industrial
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automation task force and now maintained by the OPC
Foundation. It consists of a standard interface system
based on OLE/COM [9] by Microsoft. OPC allows inter-
operation between information systems or desktop
applications. Thus, applications which communicate with
equipment controlled by PLC’s can be developed.

The OPC-DA client is responsible for the interaction with
the OPC-DA servers, which are usually provided by the
equipment manufacturer. The OPC-DA client is built
according to the OPC specification, OPC-DA [10] (OPC
Data Access). OPC clients are usually used for
transferring real time data from PLCs and other control
devices to HMIs and other clients. In this case, OPC-DA
client is used for transferring real time data from the
Central Controller to the XML-DA server.

The XML-DA server communicates with the client and
allows sharing and interchange of real time data from
field devices of a wide range of platforms. The XML-DA
server is based on the OPC XML-DA specification [11].
OPC XML data access is the adoption of XML
technology [12] by the OPC Foundation to facilitate data
interchange from the plant to Internet and to the business
domain. The interfaces based on OPC XML-DA simplify
the sharing and interchange of OPC data, supporting
HTTP [13], SOAP [14], subscription based services, and
OPC-DA data. In the future, PLC manufacturers will
provide OPC XML-DA servers with their products and
neither the OPC Client nor the XML-DA Server
described here will be necessary.

The REST Gateway is a REST (Representational State
Transfer) [15] component which allows access to the
XMLDA Server data from the web in a RESTful way.
The gateways from the web and from the XML-DA
Server are communicated through the HTTP protocol
using a subset from the HTTP operations. These
operations are PUT, POST, GET and DELETE. This
subset is the base of Internet and ensures connectivity
and inter-operability. The invocation of this gateway
through its URI (Universal Resource Identifier) allows
the web interface to access and modify data. Also, this
small application can invoke the XML-DA Server and
repeat the corresponding command using the operation
subset from the previous case. The REST Gateway acts
as a translator between the whole system and the web
architecture; it is the module that allows data requests
from any system connected to the Internet.

The Web Interface is developed using the Web mash-up
philosophy. These applications are web sites or web
applications which make it easy to create new content in
an intuitive way using Web-services. The free-software
EzWeb[16] platform is used as a mash-up Web Interface.
EzWeb allows the creation of an advanced operational
environment built from simple elements (Gadgets). The
Web Interface can access plant data through the OPC
Gateway described above, through its URI. EzWeb
allows visualization of data, and information exchange
between the user and the field devices.
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This architecture is a versatile system which is easy to
use, install and configure. The use of the OPC standard
makes it hardware-independent, as long as the
manufacturer provides OPC-DA or OPC XML-DA
compliant server. The proposed Web interface has been
developed in a user-friendly way. As it is a mash-up web
interface, it is truly customizable: the user can adapt the
HMI to his preferences.

4. Interface

These screens were developed for the supervision and
control of the microgrid. They were designed using the
mashup Web philosophy to improve usability.

Using these screens the user has access to all the
information of the system and the user can control the
following actions.

*  View energy production and efficiency.

*  View energy consumption.

*  View gas emissions.

*  View the state of the physical elements of the

system.

*  View alarms.

*  Control energy sources (Run /Stop).

*  Set efficiency curves of energy sources.

The configuration of screens shown is an example. As
this is a mash-up environment, the user can adapt his
environment by adding or removing gadgets, grouping
them for tabs, changing the order, etc.

Below are the screens of the SCADA and the navigation
between them.

The first screen is the login screen. On this screen, access
of the user to the system is permitted or denied.

Username: |
Password:

Fig. 2. Login screen

The following screenshot shows the production of current
energy of every source of the microgrid and relevant
information of the source selected by the user. Any alarm
created by the system is shown on the screen. The user
can control the system by starting or stopping the
sources.

https://doi.org/10.24084/repqj08.467

766

R Add Gedgets )3 Connect Gadgets) (B Admin Workspace]~)

& Add Teb) 4[Production [+

Fuel Cell (1) =% |  Microturbine (2) =/ 3| Diesel Engine (3) SlElR)
m 45KW % KW 70 kW
Running Running Running
2 05 ZIN i Zl\ on 4
Power Source Information (4) (% ) | Alarms (5) i
Power Source: Fuel Cell (1) 1| Date ||} ot ||| EDescrtn tior
Manufacturer: CTIC T (1172272009 | 20:00 | Abuormal work of Fuel Cell (1)
‘Hours of Work: 300 h 2 [ 11222000 | 23:00 | Microturbine has worked more than 400 hours
Last Revision: 11 may of 2000 3 | 15222000 | 15:00 | Main Power Grid Failure
Provider: CTIC
Provider Phone: 987 41 2829
AN 0 4N\ o5 4
A EzWeb

Fig. 3. Production screen

The screen configuration allows to the user to specify the
function of efficiency of the source, information of
interest about the source, and fuel cost. The screen
displays the cost/Kw curve required in reply to the user’s
request.
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Fig. 4. Configuration screen

The user can visualize the production of energy by every
source in real time. A comparative graph between
energetic production and energetic demand is also shown.
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Fig. 5. Production graphs screen

The following screen shows the graph of gas emission
from each source and the total emissions from the
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system. The gases shown are CO2, SO2, NOx and
Particles.
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Fig. 6. Gas emissions screen

In this screen the user can select the OPC Server and
specify the refresh time. The connection status
(Connected or Disconnected) and relevant information
are shown.
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Fig. 7. OPC Configuration screen

In this screen a non-administrator user can see the energy
consumption in real-time or the consumption between
two dates.

(R Add Gadgets) (3 Connect Gadgets) (€ Admin Workspacely) [ Add T=b) m
User Demand (1) B8
Demand: ® Demand s
Start Date:
L— ~—
End Date:
T TR TR T R T R TR R TR
Y [2Fu]
BN EzWeb
Fig. 8. User demand screen
https://doi.org/10.24084/repqj08.467 767

5. Installation

The installation of this SCADA is easy for the user; he
need only:
1. Install the PLC software (OPC Server).
Install the communications gateway between
web and field devices.

3. Install EzZWeb.
4. Add the desired gadgets to configure the work
environment

5. Configure the OPC server using screen 7.
6. Configure the microsources using screen 4.

If new sources of energy are added, the user need only
modify the microsource information provided by the
manufacturer on screen 4 (step 6). The user can add
gadgets related to the microsources.

7. Performance

Various experiments have been conducted in order to
observer the performance of the application.

The tests were carried out on a 64 bits Windows 7
machine with a 1 Core 2 Quad processor Intel CPU and a
RAM 8 GB. Softing OPC Demo Server was used.
Apache JMeter was used to test performance. Apache
JMeter is open source software, a 100% pure Java
desktop application designed to load test functional
behavior and measure performance. It was originally
designed for testing Web Applications but has since
expanded to other test functions.

The following tests have been conducted. The results
obtained in each are also shown below:

* Read request: 1 client, 2000 requests.
Average: 4ms
90 percentile=4
Standard Deviation= 27.31ms
Performance: 214.8request/s

* Read request: 2 clients, 2000 requests.
Average: 4ms
90 percentile=4
Standard Deviation= 0.75ms
Performance: 255.2request/s

* Read request: 5 clients, 2000 requests.
Average: 4ms
90 percentile=6
Standard Deviation= 10.07ms
Performance: 431.3request/s

e Read request: 10 clients, 2000 requests.
Average: 9ms
90 percentile=14
Standard Deviation= 3.77ms
Performance: 552.4request/s

*  Read request: 20 clients, 2000 requests.
Average: 23ms
90 percentile=39
Standard Deviation= 28.65ms
Performance:623.1reques/s
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e Read request: 50 clients, 2000 requests.
Average: 71ms
90 percentile=11
Standard Deviation= 46.98ms
Performance=608request/s
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Fig. 10. Tests results (Performance)
8. Conclusion

In this work we propose a SCADA for centralized
demand-driven microgrids. This kind of microgrid aims
for a minimal exchange of energy with the power grid in
order to satisfy demand with optimum cost.

The proposed SCADA is a simple architecture based on
the OPC standard for communication with processes.
This is what makes the SCADA hardware-independent. It
is a control and supervision system that uses a mash-up
web interface, which facilitates customization. Because it
has a web architecture, it also facilitates access to the
system with a simple web browser. It is also possible to
use the system from various platforms or devices. The
screens have been designed so that any user can
supervise the system without extensive knowledge of the
SCADA.

The proposed SCADA is a simple, usable alternative
which solves the supervision and control needs of a
microgrid.
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