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Disclaimer

This document has been produced in the context of the ENEPORTS Project. The
ENEPORTS project is part of the Interreg Atlantic Area (IAA) Program for research
and development and as such, funded by the European Commission. All the
information in this document is provided because of research undertaken by
Partners of the Consortium. The user thereof must use the information taking into
consideration the unique characteristics of the Partners included in the research.
The user will use the information at its sole risk and liability. For the avoidance of
all doubts, the Interreg Atlantic Area (IAA) Authorities have no liability concerning
this document, which merely represents the authors’ view.

u = |
o % ~— Port_ [ | Ferrol 7 | Institute Tecnoldgico v de A OLLSCOILNA GAILLIMHI E
'|.g o o Autnority g buerto [3Builders S TER i ) Pl Soer @ b

IS TS B0 poRTES. TN AtoridedPorturia
BouRosLEXDES vaNA T e 2



iltg

Document description

Interreg RN cotnoed ™
Atlantic Area the European Union

Project Number EAPA_0016/2022

Project Short Name | ENEPORTS

Project full title Decarbonization and Digitalization of Atlantic ports
Type of project Traditional

Lead/ng . ITG- FUNDACION INSTITUTO TECNOLOGICO DE GALICIA
Organization

Project Start and )

End Date 06/11/2023 - 05/11/2026

Contact . .

(coordinator) Elizabeth Giraut Ruso

F"”d”’.g . Interreg Atlantic Area Programme

Organization

Preparation Slip

Organization

ORCID, Author ID,

mail
From Fe?ﬁ;:;'ez TG 2026/03/30 |  dcalo@itg.es
Edited by Orfnaa”;‘éf]'ea ITG 2026/04/08 | sormaechea@itg.es
Esviewed Or?r?e:?elcj:ilea ITG 2026/04/08 | sormaechea@itg.es
ﬁ)‘;’pm"ed E'gif:lftth TG 2026/06/30 |  egiraut@itg.es
Zglrivery E'gif:lftth TG 2026/06/30 |  egiraut@itg.es

Revision History

V1.0

First version

Reason for

Author Organization
change
Daniel
First version Fernandez ITG
Samuel
Ormaechea

8

GOURG  LEIXOES ViANA

-------------------

Ferrol
- Puerto

Autoridad Portuari

Ferrol- San Cibrao

2

sssssssssssssssss

A P
rt of Galw,
"’, Caolalorgva Ga(iﬂimheay UNIVERSITY OF

P ___

ENEPORTS
—_

-



-

v %% Interreg e ENEPORTS

Project Partnership

. o Legal

Entity Name Position Country NUTSIII Status
FUNDACION INSTITUTO L ead A Ngﬁo‘;‘l’tr

1 TECNOLOGICO DE GALICIA Partner Spain Corufa private
(INNOVACION ABIERTA) o

organization

Not-for-

2 BUILDERS Ecole d'ingénieurs Partner France Calvado profit
(ESITC Caen) s private

organization

Autoridad Portuaria de Tenerife
3| (Jefe de Unidad de Innovacidény Partner Spain
Proyectos Estratégicos)
NATIONAL UNIVERSITY OF
IRELAND, GALWAY (Office of the

Tenerif

e Public body

4 Vice-President for Research & Partner Ireland West Public body
Innovation)
Instituto Tecnoldgico y de Tenerif ;;cl)(filr:_
5| Energias Renovables, SA (Area Partner Spain . 9
e private

de Renovables) organization

Autoridad Portuaria de Ferrol -
San Cibrao (Departamento de A

6 Servicios Técnicos y Partner Spain Corufa Public body
Planificacién)
APDL - Administragédo dos Portos MArea
S . etrop
7 do Douro, LeixGes e Viana do Partner Portugal | olitana Public bod
Castelo, S.A. (Diregao de Estudos 9 do y
e Planeamento)
Porto
Profit-
8| Port of Galway (Port of Galway) Associated Ireland West m?“"'”g
partner private
organization
3

u - ]
° % ~— Port mm Ferrol . A p
. . ort of Galwa AR OLLscorLmGAILLIMME
li g APDL Aﬂ 5,“35,‘3,':'3! | | Puerto "’ Calafort na Gaillimhe 4 @ UNIVERSITY OF GALWAY
Aptines Losen e I o e




(N

T interreg [EER s, ENEPORTS

Executive summary

This user manual has been prepared to facilitate the understanding and correct
use of the Smart Energy Platform resulted from ENEPORTS activities undergone
by ITG and ITER, accessible via web. This platform allows to monitor the energy,
economic and environmental behaviour of Ports environments as a Smart Grid.
Each Port network will include the Port concessionaires, renewable energy, energy
storage facilities and weather stations that will be monitored in real time as part of
ENEPORTS actions.

This software, which we will call “smart energy platform” from here on, is a tool
specialised in the creation, management and monitoring of collective self-
consumption projects and energy communities. Its objective is to serve as a
practical guide for both technicians and users without previous training in
renewable energies.

Throughout this manual, the reader will find a step-by-step guide from the initial
definition of the actors and components of the system to the configuration,
simulation, and economic evaluation of the projects. Key concepts are also
explained, and support is offered to answer frequently asked questions. The
approach is accessible, with clear definitions, representative examples, and logical
structure that comes along the actual workflow within the software.
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About ENEPORTS

ENEPORTS’s main objective is to promote energy efficiency and reducing
greenhouse gas emissions in the maritime sector through the implementation of
renewable energy and low-carbon impact technologies at Atlantic Area Ports. Not
only the implementation of those technologies but also an Energy Management
System will try to optimize the energy consumption of the unique ports energy
ecosystems.

Three ports of the Atlantic Area located in Spain and Portugal will serve as
experimental areas for simulating the energy environments integrating both
renewable and/or low-carbon energy and energy efficiency protocols. The interest
relies on simulating different integrations for each port, considering a diverse range
of energy ecosystems that will help develop a tool able to manage all energy inputs
of the ecosystem towards the decarbonization and boosting energy efficiency at
ports. Eventually, ports could become Energy HUBs generating, through renewable
sources, all necessary energy to match their demand. Technologies included in the
different ports are onshore wind energy, offshore (fixed and floating) wind energy,
photovoltaic energy (floating and onshore), Onshore Power Supply, sea energies
(tidal and wave energies), batteries, electric vehicle charging stations and green
hydrogen through hydrogen electrolyzers.

The aim is to decarbonize a difficult-to-decarbonize sector through innovative
energy technologies, digitalization and intelligent models that will manage all
information and help improve the energy efficiency of each port, setting a
replicable model that could be worldwide implemented by other ports.
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Acronyms and abbreviations

IAA
ITG
ITER
KPI
PV

B
O&M
loT
SOoC

CO,

kKW

KWh

Interreg Atlantic Area

Fundacion Instituto Tecnoldgico de Galicia
Instituto Tecnoldgico y de Energias Renovables
Key Performance Indicator

Photovoltaic Installation

Energy Sharing Coefficient

Operation and Maintenance

Internet of Things

State of Charge

Carbon Dioxide

|dentification / Identifier

Kilowatt

Kilowatt-hour
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1. Abstract

This user manual has been prepared to facilitate the understanding and correct
use of the Advanced Monitoring Platform for Renewable Self-Consumption
Systems, accessible via the web, which allows the energy, economic and
environmental behaviour of the installations to be monitored in real time.

This software, the "smart energy platform”, is a tool specialised in the creation,
management and monitoring of collective self-consumption projects and energy
communities. Its objective is to serve as a practical guide for both technicians and
users without previous training in renewable energies.

Throughout this manual, the reader will find a step-by-step guide from the initial
definition of the actors and components of the system to the configuration,
simulation and economic evaluation of the projects. Key concepts are also
explained, regulatory requirements are detailed, and support is offered to answer
frequently asked questions. The approach is accessible, with clear definitions,
representative examples, and logical structure that accompanies the actual
workflow within the software.
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2. Software Architecture

Below is detailed a technical explanation of software architecture, with an
emphasis on Data Acquisition, Infrastructure, and specifics of web tool related
topics.

2.1. Data acquisition

To implement any IoT solution of any nature, it is necessary that there are physical
or virtual elements, which we will refer to as devices, that are connected to a
communication network that can at least communicate in one direction (emission
or reception of information) with another system or device.

In this sense, this solution has as its fundamental pillar the collection and
processing of information. The information comes from the project's energy grids
through these physical and/or virtual IoT devices, in form of data consulted from
these devices and stored in a database to be used by the algorithms running in the
backend of the “smart energy platform”.

The following terms will help to familiarise the user with the platform:

e loT device: generally, a device, either physical or virtual. It is the element in
charge of collecting data. Sometimes, devices have capacity to store
information, which builds on the redundancy of a system, allowing to
recover the information in case there is any communication malfunction. An
loT device can be consulted when needed, programmed or designed.
Devices can collect data with different scopes, from a specific single
measure or a number of measures, associated to different types of
information. Therefore, within the device there are information modules that
contain different properties, also called variables. An example of device
could be a grid analyser.

e Module: is an abstraction of the method or procedure of obtaining an
observation. It usually refers to the reading of a measurement from a
sensor, but it could also be a mathematically simulated process. As an
example, a module could be an energy meter or the group of energy
variables collected in the previous analyser.

e Property: sometimes also called variable, it shows the values of a specific
measurement, related to a single characteristic, status or action being
performed by a device (sensor/actuator) or the facility, equipment,
appliance... that the loT device is installed in. For example, a property could
be the measured active energy that is collected in the energy module of a
grid analyser.

e Measurement point: a measurement point is formed by the trio device-
element-property and is unique in the monitoring system. As an example, a
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measurement point could be the active energy (property) measured by an
energy sensor (module) in a grid analyser (device).

e Observation: this term refers to a concrete value that the property of a
measurement point acquires at a given instant of time.

loT series or time series arise by collecting in an orderly manner within a
measurement point all the observations carried out at any given time for each
observed aspect.

2.2. Smart Grid Infrastructure

The infrastructure allows the hierarchical categorization of data by creating a
levelized structure. The last level will include the grouping of associated loT
devices. The developed web tool allows for generation of multiple data
infrastructures, categorization and ordering.

Each Smart Grid is structured by four levels of infrastructure. These four levels
must be defined prior to the categorization of the lIoT devices, which will allow to
distribute them according to their mission within each project. These levels, in
hierarchical order, are:

1. Smart Grid: this is the highest level of aggregation proposed within each
project.

2. Energy node: or just node, it is the level used for information aggregation
and/or balances.

3. Technology: designates the different facilities of the Smart Grid in
groupings or types. For example, a group of energy generators based on
photovoltaic technology.

4. Asset: it is the lowest level prior to the lIoT devices association. Assets are
the physical facilities that exist in the project. For example, a photovoltaic
facility in a rooftop.

Smart Grid

|

I_I_I
Technologies Level 3
I_I_I
Assets Level 4 Level 4 Level 4

Device Device Device

Figure 1: Smart Grid Structure.
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2.3. Web Tool

The user can access the monitoring web application via the url shared by ITG with
each of the partners.

Once the credentials are created and each Partner has access to their datasets, it
is time for navigating inside the smart energy platform. In the side menu, there are
several sections that include grouped functionalities for a simpler and more
intuitive navigation. These functionalities will be explained in later sections of shirt
guide/report.

Eneports |IAA

Synoptic

Global vision

Intelligent
management

Configuration

g __=
Interreg [ ] w ENEP®RTS

Atlantic Area %/

Figure 2: Side menu of the Eneports Smart Energy Platform.
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3. Software User Guide

The tool is structured to facilitate the complete monitoring of a Smart Grid, as well
as specific use cases. The flow of use for the solution is then specified. In this
chapter, the entire flow of creation, configuration of projects and assets, will be
described.

3.1. Project Creation

Before creating a project in the Eneports Smart Energy Platform, a user must have
uploaded facilities’ datasets and have connected sensors or meters to start
collecting and storing more data.

The complete process of creating a project once the connections to the monitoring
devices are available, begins with the configuration of the project infrastructure.
After the infrastructure configuration, all assets that are part of the project must
be configured as well, so they can be associated, alongside all their properties, to
the models and their parametrization requirements in a last stage of the process.
A brief bullet-point summary of the process is explained below:

1. Connecting loT devices to the platform
2. Infrastructure configuration
3. Asset creation and configuration
a. Device association
b. Variable/Property Association
4. Model assignment and parameterization

14
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3.2. Project Configuration

To create a project, a user must follow the following steps:

1. Enter the "Configuration" section and first click on the "Infrastructure"
subsection. Later on, click on the "Add project" button, which will open a
screen with the initial phase to configure the main infrastructure of the new
project.

Configurator
Project to configure

General information

tcrallno

Use case typology

Collective self-consumption Prosumer Isolated Prosumer

Projects

Figure 3: Screenshots from web access of ENEPORTS Smart Energy Platform. Up - Side bar menu
with "Configuration" Section and "Infrastructure" function. Down - Upper right button “+Add
project” highlighted to start configuring a project.

2. Inthis screen, an overall overview of the project is adjusted through general
information inputs. Such inputs are location, type of use case and existing
technologies. The overall overview configuration of this first level
infrastructure must be undergone as follows:

a) “General information” box: these are specific aspects of the project with
no effect over the following sections or boxes.
a. Project name: name of every Smart Grid.
b. ID Code: automatically filled. It will provide an ID Code or another
depending on the Use Case typology.
c. Projectlocation: the approximate location of the project. Location
can be selected on the available map.

b) “Use case typology” box: the user can choose among the different Smart
Grid types available: Collective self-consumption (Group of users
sharing a self-consumption system), Prosumer (Individual self -
consumption for a single user) or Isolated Prosumer (Individualized self-
consumption and isolation from the grid for a single user).
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c) “Existing technologies” box: in this part, the technologies that are
currently present in the Smart Grid must be enabled, being able the user
to specify other generic technologies different from the predefined
ones. To get to choose the technologies, the user must select
beforehand whether the Smart Grid includes Energy generation,
consumption or storage assets, or a combination of them. The following
technologies will be available:

a. Generation: all the generation technologies that exist in the
project hang from this group.

i. Photovoltaic

ii. Generator/Power Unit

iii. Wind

iv. Fuel Cell (Hydrogen Fuel Cell)

v. New technology: it will be used to include technologies not
predefined as generic such as wave energy converters,
tidal energy systems, prototypes...

b. Intake (consumption): this group includes the consumers and
demand systems that exist in the project. Depending on the
consumer, there might be predefined technologies or profiles as
well as for the Generators. In this case, the predefined profiles
are:

i. Desalination plants

ii. Load banks

ii. Electrolysers (Hydrogen Electrolysers)

iv. Other technologies

c. Storage: this group includes energy storage systems in different
technologies:

i. Electrical energy storage in batteries.

ii. Electrical energy storage by producing and storing

hydrogen.
[
General information
L]

Use ypology

Collective se elf-consumpti tion Prosumer Isoloted Prosumer

© o o

e itg @
Figure 4: Overall overview window for the main infrastructure configuration.
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Please specify the location of your project @

Please specify the location of your project @

Figure 5: Location selection process in the overall overview configuration window.

After completing the configuration, a user must select the Use Case type and
enable and include all the technologies that the user wants to consider within the
Smart Grid that is being configured. Once the entire box has been completed, the
"Save" button will be enabled, allowing to save the information.

Collective self-consumption Prosumer Isslated Prosumer
S S e - comag s o gl o

|
J
i
i
|

Use case typology

Caliective self- Prosumer Isolated Prosumer

gt " w— s —

o ® @®
Existing technologies
PIRT— ntake Stocoge yargen Systems samana
- B -9 L] -9
Generatio
[e—— Ercnogon groce wna otnor echnotagios
9 L] L] L]
Systems demand
Lood bank [re—
° - L]
- G

Figure 6: Up - Use Case typology and Technologies main configuration uncompleted. Down - Use
Case typology and Technologies main configuration completed.
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Once the project technologies have been defined (they can be updated later), the
assets linked to each node must be defined, as well as linked to the corresponding
loT series (all through new windows that will be introduced in further sections).
Once the overall information boxes have been filled and updated, the platform is
able to calculate the datasets by clicking on its specific button.

Details - PA-2

Active details E t .

10 code Associened sovices
Test NE-1 Mo devices

Figure 7: "Calculate datasets" button highlighted after completing the overall information
configuration process.
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3.3. Asset Configuration

When the main infrastructure configuration (overall information completed) is
done, all assets considered in the project must be specified so the corresponding
loT devices can be associated in the platform to each energy asset. This step is
directly linked to the dashboard generation phase.

Once the user is redirected to the project detail view, the infrastructure detail is
displayed. From this infrastructure detail, within the "Energy Nodes" tab seen on
the left side of Figure 7, the user accesses the node and can then add as many
assets as necessary, always from among the technologies specified in the previous
configuration step.

Once the node is accessed, the different tabs on the asset classes that have been
enabled are seen with the detail of the assets added to the node. On each tab you
can add and configure the assets of the different corresponding technologies,
choosing the desired one by one in each case to access your specific forms.

= =

Details - PA-1
Active details =

e itg 2

Figure 8: Node details screen. The assets associated with it are configured in the arrow button of
"View node details".

3.3.1. Add and configurate generation assets

For generation assets, the user must include the variable of energy generated by
the energy production asset. If the energy production asset is a predefined asset,
it is possible to calculate additional variables for each energy generation source
(irradiance, wind, fuel...). If it is a non-predefined asset, the only variable to be
determined will be electricity generation.
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Isolated Prosumer
Add technology
Select technology
Photovoltaic solar
me=- Y itg Qe

Figure 9: Generation technology selection for a node screen.

3.3.1.1. Example: Photovoltaic case

These are the parameters to be covered for the photovoltaic case:

eneportsencports BIE 52 83

Isolated Prosumer

Add technology. Photovoltaic solar
Eneports IAA

Main information

Device name * D code * Installed power (KW) * Norminal Power (KW)
NE-1 (P F Enter installed powe
08 synoptic
Investment Made (€) * Annual O&M Costs (€/year) * Expected Annual Revenue/Savings (€/year) *
@® Global vision Py Py Py

4 Intelligent
management

£ Configuration

Associated devices
El Infrostructure

Device to configure

@ Modules

Associated variables
Active energy PV Generator (kWh)* Irradiance PV (Wjm2)

Version 10.0 o :_‘L'g @\TER
Figure 10: Photovoltaic generation to be filled.

Main information: In this box, the user must fill in the main information of the
installation.

e Asset Name.

e |D Code.

e Installed Power (kW): Peak power installed for the photovoltaic facility.

e Nominal power (kW).

e Investment made (€): Initial investment made.

e Annual O&M expenses (€/year): Yearly operation and maintenance costs.
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e Expected annual income/savings (€/year): Yearly profit expected thanks to
the facility. This parameter will be used, as long as there is no historical
data, for the calculation of the estimated payback.

Associated devices: In this box, the user must select and configure the loT
devices where the Monitoring Platform will take the data from.

e Device to configure: a list is opened allowing the user to select the device
to add. Once the (+) button is selected, the device will be added. There is
also a delete icon that allows the removal of the added devices.

e Device: This box lists the added devices.

Associated variables: In this box, the dataset series with loT data of the facilities
are configured. The following details are necessary:

e PV Active energy generation (kWh).

e PV Irradiance (W/m2).

e Associated variables. The user must assign an loT series to the variable
being configured by selecting the drop-down list located at the right of the
box for each variable.

Market (only available in specific typologies of project): In this box, the user can
add information on the markets where the facility will operate. First, by activating
the switches for the available options (income from self-consumption and/or
surpluses), and by entering the percentage of the total income of each selected
modality afterwards.

e Self-consumption income: Switch to define whether there is self-
consumption income from the photovoltaic facility or not.

e Percentage of energy consumed revenues (%): Revenues from energy
consumed over the total revenues, which correspond to the facility, as a
percentage.

e Income from the sale of surpluses: Switch to define whether there are
incomes from the sale of surpluses in the photovoltaic facility or not.

e Percentage of income from the sale of surpluses (%): Income from the sale
of surpluses over the total income, in percentage.
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3.3.2. Add and configurate consumption assets

Consumers are configured as assets and their variable of consumed energy within
the smartgrid must always be added so that the remaining necessary variables to
monitor the consumer's energy data can be determined. The configured variable
must provide data on the total energy that is consumed for the smartgrid. If there
are also partial consumption measurements of specific equipment or assets that
the user wants to monitor, these assets must be added as system demands.

o
Isolated Prosumer
Add technology
Select technology
Consumer
%
Figure 11: Consumer selection screen.
3.3.2.1. Example: Consumer form
- ert s B 3
Isolated Prosumer
Add technology. Consumer
Main information
Device name * 1D code * Beta Allocation coef. (%) * Rated power (kW) Associated Loss coef. (%)
100 E o
Associated devices
. . Device to configure
@ Configuration = - 7D o
[l infrastructure
Modules Davice
Associated variables
Eactiva network (kWh) Eactiva consumption (kWh)
- -~ G
Version 100 <] itg R

Figure 12: Consumer configuration screen.
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Main information: This box defines the consumer's key information.

e Asset Name

e Codeid

e Coef. Beta Distribution (%): The beta distribution coefficient (B) in collective
self-consumption is the proportion of the energy generated that is assigned to
each participant, representing the "part" of the installation that corresponds to
them, and their total sum must be 100% of the production.

e Contracted power: Power contracted by the consumer.

e Coef. Associated losses (%): Losses associated with consumption (over total
consumption), as a percentage.

Associated devices: In this box, the user must select and configure the loT
devices where the Monitoring Platform will take the data from.

e Device to configure: Opens a list from which you can select the device you want
to add. Once the (+) button is selected, it will be added. Likewise, there is a
delete icon that allows the removal of the added devices.

Associated variables: In this box, the dataset series with 1oT data of the facilities
are configured. The following details are necessary.

e Eactive network (kWh).
e Eactive surplus (kWh) (only in projects with sale of surplus).
e Eactive consumption.

Market: This box defines the cost and revenue parameters, as well as the types of
markets in which the consumer is integrated.

e Switching on Costs for energy consumed: Activate or not depending on
whether the costs configured for energy consumption are also considered for
this consumer or not.

e Surplus Sale Revenue Switch: Only available in projects that have surplus sales
revenue.

e Market parameters (will be available or not depending on what has been
previously selected):

Energy cost (€/kWh)

Fixed term (€/month)

Added costs (%)

Pricing Effective Date

Percentage of surplus revenue

o O O O
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3.3.3. Add and configurate storage assets

In storage assets, before variables, the type of battery that is configured (non-
stand-alone or stand-alone) is specified to link the battery or not to a specific
generation or simply to the project and thus be able to determine the generation
and consumption data correctly. The variables of charging power, discharge
energy and SOC (Battery Charge Level) should always be added.

L}
B

Isolated Prosumer
Add technology

Select technology

Battery

==
i Version1.00 SN itg QPumer

Figure 13: Storage technology selection screen.
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3.3.3.1. Example: Battery configuration

The battery configuration requires the following details:

= - E8
Isolated Prosumer
New battery. Battery
Eneports IAA
Main information
Device name * ID code * Capacity (kWh) * Rated pawer (kW)
Connection to generation
Stand-alone
& Configuration 9
[ frostructure
Y Modues Associated devices
Device to configure
o
Device
Associated variables
Input energy (KWH) * Output energy (KWh) * soc (%) *
sio wrms . e i1 TER
fersion 10.0 S B lig Ej ER

Figure 14: Battery storage system Configuration screen

Main information: This box defines the basic parameters of the battery.

e Asset Name

e [D Code

e Capacity (kWh): Battery capacity in kWh.

e Rated Power (kW): Battery power rating in kW.

Connection to Generation: Switch to linking the battery system (not stand-alone)
or not (stand-alone) to generation.

Associated devices: In this box, the user must select and configure the loT
devices where the Monitoring Platform will take the data from.

e Device to configure: a list is opened allowing the user to select the device
to add. Once the (+) button is selected, the device will be added. There is
also a delete icon that allows the removal of the added devices.

Associated variables: In this box (Figure 15), the IoT series are assigned to the
variables that the monitoring platform will use.

Associated variables

Input energy (kWh) * Output energy (kWh) * SOC (%) *

Figure 15: Variables association configuration box
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The following variables are required:

e Input energy (kWh)
e Output energy (kWh)
e SOC (%)

3.3.4. Add and configurate system demand assets

In demand asset systems, the variable of energy consumed by the asset
individually should always be added to facilitate the breakdown of the consumer's
energy data. If it is also a predefined asset, there may be the option of determining
one or more additional variables on the performance of the asset. If it is a non-
predefined asset, the only variable to be determined will be electricity
consumption.

= | o

Isolated Prosumer
Add technology

Select technology

Load bank

—e G itg P

Figure 16: Demand assets selection screen. A consumer must be defined so the demand variable
can be allocated to such consumer.
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3.3.4.1. Example: Resistor Bank configuration

The resistor bank configuration requires some parameters to be filled in. It should
be considered that the user can only add the demands once there is at least one
consumer defined with its datasets calculated.

Collective self-consumption
Add technology. Load bank

Main information

Assetname * ID code * Maximum nominal consumption (KWh) *

95 synoptic
Giobol wision

, Inteligent Associated consumer
M manogement

® Configurotion

[ wtrostructure

Modues.
Associated devices

Device

ntigure

Associated variables

Active energy consumed (kWh)*

= itg gRmes

Figure 17: Resistor bank configuration screen.

Main information: This box defines the basic parameters of the resistance bench.

e Asset Name
e |D Code
¢ Maximum Rated Consumption (kWh)

Associated Consumer: In this box, the user can define which consumer the
system’s demand asset is associated to.

Associated devices: In this box, the user must select and configure the loT
devices where the Monitoring Platform will take the data from.

e Device to configure: a list is opened allowing the user to select the device
to add. Once the (+) button is selected, the device will be added. There is
also a delete icon that allows the removal of the added devices.

Associated variables: In this box, the 0T series are assigned to the variables that
the monitoring platform will use. In this case, the necessary associated variable is
the active energy consumed.
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3.4. Infrastructure configuration

Once the configurations have been made, the users may want to modify the project
due to changes in the smart grid or even a specific asset due to improvement or
updates in the facilities. To do so, there two options from the infrastructure detail
view: On the one hand, there are options to edit the initial configuration windows
of the main infrastructure ("Edit information”, "Add technologies") and, on the other
hand, the user can update the assets already created.

The infrastructure editing options appear by clicking on the three dots next to the
“calculate datasets” button located in the detail view. The assets can also be edited
by clicking on the three dots located at the right side of the assets. Different tables
for all technologies involved (Generation, Consumption...) will appear.

An additional option is to edit the node name through the pencil icon that appears
in the node slot.

Details - PA-1
Active details

example e ey

= itg ©

Figure 18: Infrastructure edition by selecting the three dots option on the upper-right side
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3.5. Synoptic and asset dashboards

As part of the time series monitoring interface, there are several screens for the
user to navigate through both, specific assets information and aggregated
information (either by technology, by the entire project or energy nodes).

It is all based on the so-called "Synoptic". The idea is to represent an energy-flow-
diagram in real time, to see how the energy of the Smart grid is behaving in terms
of its origin and destination anytime. In parallel, the synoptic design allows the user
to see monitoring information, predictions or digital twin information, among other
things for the different technologies and assets of the project.

In the Synoptic, different interactive widgets are displayed to access the
information of a specific technology and the assets belonging to it. The information
will show lists with access to detailed information when clicking on the lines.

Synoptic

Figure 19: Example of a synoptic screen.

Within each asset, technical metadata of the asset, monitoring data, prediction
data or data on digital twins can be visualized, either through text, images, graphs,
KPIs or a combination of them. All assets will have their set of tabs accessible with
the corresponding information.

In all main assets there will be the "Information”, "Data" (energy and/or economic)
and “Analysis” tabs. For the remaining assets, only those that can be implemented
with the characteristics of the assets provided in the configurations will appear.

Throughout these tabs, the information recorded in the configuration screens
regarding monitoring can be consulted in a more visual and separate way
according to its technical nature (metadata), energy or economic characteristics.
To complement this information, there is a specific tab to consult much more
specific asset variables that could be of interest to the user. In addition to this, an
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asset performance prediction can also be consulted, as well as a comparison of
real behaviour over theoretical and optimized behaviour through the digital twins
built for it.

Current and historical data of the project can be consulted and visualized, grouped
in various ways according to the aggregation level of the data.

From the Synoptic, the user can dive from a global perspective of the project to
the specific information of each asset that the project is composed of.

The platform divides the views between those offered for generators, consumers,
and storage.

3 Todos los marcadores

oo
oo

s BB 33 88

Photovoltaic Generation

1+

@ TOTAL Energy generated today: 0 kWh
Bofdeau
s BB nerFv-n Energy generated today: 0 kWh i
95 Symoptic
Global vision
B et G 2arage teda. o
|y Intelligent @ NE-4 (FV-2) Energy generated today: 0 kWh Mogader b =)
management  Barclors
& Configuration :
e
P
b s
- & Openstee:
- s i1l TER
s — 5 itg @m

Figure 20: Generation assets selection screen.
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3.5.1. Generation
For generation assets, the platform provides the following views:

e Information: In this view (Figure 21), basic information about the asset
selected is displayed, such as the node which it belongs to, its code-ID, and
its nominal power. A photo of the asset in question can also be uploaded.

Generation Dashboard
Installation FV-1

General Information
NE-1 FV-1

kW

Figure 21: Information view for Generation assets. From Synoptic menu.

e Energy data: A graph is provided (Figure 22) with the energy generation of
the asset and the total energy produced in the filtered time period. Time
aggregation can be selected and KPIs will show aggregated values for:

o Production.
o Equivalent hours.
o CO2 avoided.

. sasponserepons S 1D 83

Generation Dashboard
Installation FV-1

Enegorts 1AA

( eresenen ) ceveRaLDIGTALTVAN )

312017024 - 313012026 3]

Photovoltale energy generation

® NET(FV) -+ COMMUMNITY_SETTINGS TOTAL KN

4519 wwin 081ne 12791 39.62%

Verson1.00 e Y itg e
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Analysis: In this view, the user can create their own graphs with the
available information within the different IoT devices.

= o
Generation Dashboard
Installation FV-1
Device (3) Properties. [
ECONOMIC.VARIABLES

‘GEN_INCOME_SELFCONS

GEN_INCOME_SURPLUS

(o]
L BT 1"L‘g SRMER
Figure 23: Analysis screen for a generation asset. From Synoptic menu

32

8

A port of Galway @R ouscormcnume
"’ Calafort na Gaillimhe e

UNIVERSITY OF GALWAY

- _
Z. authorty  m Puerio [ JBuilders €21 irer

ECOLE D'INGENIEUR

Autoridad Portuaria
Ferrol - San Cibrao.



-

< x x Interreg e e ENEP®RTS

Atlantic Area

3.5.2. Consumption
For a consumption asset, we have the following views:

e Information: In this view, basic information about the asset is displayed,
such as the node to which it belongs, its code-ID, and its contracted power.
A photo of the asset in question can also be uploaded.

Consumer Dashboard

Consumer CN-1

™ £ ™ /
ormation ) ( Energydatn ) [ Economicdata ) [ Anctysis )

3/29/2024 - 33012025

INTAKE.INTAKE
5

1o

o - T T T T T T T T T T T T
208 0300 0400 000 o800 1000 1200 1400 1600 1800 .00 2200 Wha 0200 400 0800 a0 1000 1200 1400 1500 1800 20

— DITAKEINTAKE == BALACE NETVORK_CONSUMPTION  — THTAKE SELF_CONSUMED_ENERGY
BALANCE TOTAL CONSUMPTION,ENERGY INTAKE NETWORK EXERGY NTAKE SELF CONGUMED, EXERGY NTAKE SURPLUS. ENERGY BALANCECOZ AVOIGED
91.25 i Own 91.25 kwn Ol 258213
=
100 — = 0
Version 1.0.0 =1 BN T 1"_g @ ITER ==

Figure 24: Information view for Consumption assets. From Synoptic menu.

e Energy data: A graph is shown with the different types of consumption
(total, grid, self-consumed and surplus energy) in the filtered time period
and with the selected time grouping, and the KPIs aggregated in the same
time filtering of:

o Energy consumed.

Grid power.

Self-consumed energy.

Surplus energy.

CO2 avoided.

o O O O

Consumer Dashboard
Consumer CN-1

intermation ) ( Energycote ) ( Econamic sate ) {

General information

85 synoptic

NE-1 CN-1

okw
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e Economic data: A graph is shown with the different types of consumer
costs (total and self-consumed energy) in the filtered time period and with
the selected time grouping, and the KPIs aggregated in the same time
filtering of:

Total cost of energy.

o Cost of self-consumed energy.
o Cost of grid energy.
o Value of energy surpluses.
o Total savings achieved.
= =
Consumer Dashboard
Consumer CN-1
INTAKE.CONSUMPTION_COSTS
R — - — R — S —
= B ltg g mer

Figure 26: Economic screen for a consumption asset. From Synoptic menu.

e Analysis: In this view, the user can compose their own graphs with the
available information and loT devices.

E
Generation Dashboard
Installation FV-1
[o—
Device (3) Properties
ECONOMIC. VARIABLES
oo s
® Ao o
o uspLus
® (o]

ENERGETIC_VARIABLES

0110 Selected series

— <‘ :L'l'g £ ITEF

Figure 27: Analysis screen for a consumption asset. From Synoptic menu.
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3.5.3. Storage

For a storage asset, we have the following views:

e Information: This view shows basic information about the asset, such as
the node to which it belongs, its code-ID, capacity in kWh, and its power
rating. A photo of the asset in question can also be uploaded.

= eponsesors 8B 12 88

Storage Dashboard
Battery BAT-1

General information
NE-1 BAT-1

100 kWh 10kW

Figure 28: Information view for Storage assets. From Synoptic menu.

e Analysis: In this view, the user can compose their own graphs with the
available information and loT devices.

= wewors S8 31 B
Generation Dashboard
Installation FV-1

Device (3) Properties.
ECONOMIC_VARIABLES
GENINGOME_SELFCONS
@ Ao eTi o
GENINCOMESURPLUS
® L]

ENERGETIC_VARIABLES

/10 Selected series

- Py itg fj TER

Figure 29: Analysis view for the storage assets. From Synoptic menu.
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e Energy data: A graph is shown with the different variables of the battery
(charging, discharging and SOC) in the filtered time period and with the
selected time grouping, and the KPIs aggregated in the same time filtering

of:

o Charge.
o Discharge.
o Initial SOC.
o Final SOC.
o Stored energy.

= -

Storage Dashboard

Eneports A Battery BAT-1
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Figuré“§0: Energy data screen for a storage asset. From Synoptic menu.
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3.5.4. Prediction and Virtual Twins

For assets for which the calculation of predictions and digital twins is enabled, in
addition to the previous views, the prediction dashboards and Virtual Twins can be
consulted.

e Prediction: Prediction of the series (generation, consumption, etc.) in a
given future time interval (about 36h of hourly predicted data).

e Virtual Twin: Contrast of the asset performance and digital twin
performance (either calculated by theoretical models or artificial
intelligence algorithms).

This capability allows the user to check future expected values and the accuracy
of the models implemented, speeding up the decision-making process when
predictions and final numbers are aligned in terms of performance.

3.5.5. Energy Agenda

The solution developed in the ENEPORTS project allows, through a
characterization of the monitored assets, the calculation of the energy agenda of
the port configured for the following hour.

This functionality allows user to optimize the grid’s energy consumption and
generation. The energy agenda is a function that, in this context, generates the
virtual energy flows that will ensure the efficient energy consumption of the smart
grid. The energy agenda is fed by all predictions from generation and consumption,
the storage management strategy, the weather variables and the live data. All
these datasets will help to get to know the most efficient way to manage the
energy carriers and energy flows among the agents conforming the smart grid.

To have an energy agenda is a great opportunity for improving energy efficiency
in smart grids, and environments with multiple agents.
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3.6. Global Vision

In addition to the aforementioned views by assets, there is a section called

Co-unded by
the European Union

“Global

Vision” which main function is to directly provide information on the entire smart

grid as a whole entity, as a single agent.

In the global view, we will have two options: Energy balance and economic balance.

These two options produce two different dashboards.

Additionally, there is a project selector, a date range selector, and a temporal
aggregator, which allows us to select a project among all the ones created, the
date range of the information displayed in the dashboard, and the temporal
aggregation in which we want to display the main bar graph (hourly, daily, monthly,

or yearly).

( Energybotonce ) ( Econamic bolance |

Puerto de Granadilia (AC-1) - 2/28/2026 - 3/30/2024

Figure 31: Global vision data filtering and management options.

3.6.1. Energy Balance

A pre-configured dashboard with a bar graph (Figure 32) and indicators
33) with the energy balances of the smart grid is displayed on this screen:

jrtoda Gronadill (AC-1) - 21262026 - HE0I2024

- nn [u

roma. Lo BALwNCE COZ AuO0ED
1,670.94 k. 1,618.71kvm F0.31kmn 0kh 4015k

Figure 32: Bar graphics for Energy Balance. Global Vision menu.
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Figure 33: Indicators for Energy Balance. Global Vision menu.

The dashboard is composed of the following sections:

e Consumption distribution: In this bars graph, the data of the following
variables will appear with the time aggregation previously selected:
o Total energy generated (represented with a line over the bars).
o Energy consumed from the grid.
o Energy consumed.
o Surplus energy.

BALANCE DISTRIBUTION_CONSUMPTION

“ na |

re 20ar M ™ ™ 10 Mar 12Mar M 6 Mar 15 e Z0Mar 2 248 28 Mar T 20 M

@ BALANCE NETWORK_ENERGY_CONSUMED  # BALANCE SELF_CONSUNPTION_ENERGY

Figure 34: Consumption distribution bars graph.

e Smartgrid performance: In this section of the dashboard, the main KPIs of
the energy balance are shown:
o Renewable energy generated, in kKWh.

o Level of self-sufficiency, in percentage.

o Self-consumption quota, in percentage.

o Percentage of primary energy.

o CO2 avoided: projection of the kgs of CO2 stopped emitting thanks
to renewable generation.

Figure 35: Smart Grid performance KPIs.
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e Energy generation and distribution: In this section, a series of graphs
(already presented in Figure 33) are displayed referring to the distribution
of generation:

o Upper-left graph: Pie chart with the assigned generation energy and
distribution coefficients by nodes and consumers.

o Upper-right graph: Pie chart with self-consumption energy by nodes
and consumers.
Lower-left graph: Pie chart with consumer surplus by nodes.
Lower-right graph: bars graph with the energy use as a percentage
of the energy allocated to each consumer is shown.

3.6.2. Economic Balance

On this screen, a pre-configured dashboard with a bars graph and economic
balance indicators of the smart grid are displayed.

Balance

Puerts ce Granadil (AC-1 - 212802026 - /3002026, Daity
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Figure 36: Bar graph and main KPIs showing the economic balance of the smart grid. Global Vision
menu.
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¢ Distribution of revenues and costs: In this bars graph (Figure 38), the data
of the following variables will appear with the time aggregation previously
selected:

o “Total cost if only grid”: Cost of energy if we only used grid (i.e.
without our own generation). As an exception, this KPI is displayed
in the form of a line of progress.

o Total cost with current mix.

o Total savings achieved.

o Cost per energy for self-consumption.

o Cost per grid energy.

BALANCE.INCOME_COST_DISTRIBUTION
0

T T T T T T
28Feb 2 Mar 4Mar B Mar B Mar 10 Mar 12 Mar 14 Mar 16 Mar 16 Mar 20 Mar 22 Mar 24 Mae 26 Mar 28 Mar 30 Mar

& BALANCETOTAL_COST_CURRENT_MIX @ BALANCE TOTAL_SAVINGS @ BALANCE COST_SELF_CONSUMPTION_ENERGY @ BALANCE COST_GRID_ENERGY —— BALANCE TOTAL_COST_OMNLY_GRID

Figure 38: Income and cost distribution graph for the smart grid. Global Vision menu.

e Main KPIs: In this section (shown at the bottom of Figure 36), a series of
basic KPIs are displayed:

o Total cost if network only.

Total cost with current mix.

Total savings achieved.

Cost per energy for self-consumption.

Cost per grid energy.

o Value of surpluses.

e Energy generation and distribution: In this section (already presented in
Figure 37), a series of graphs are displayed referring to the economic
distribution of cost and generation, aggregated by nodes:

o Total cost if only network: Overall cost if only network energy was
used and in a pie chart by nodes.

Current cost of energy: Overall and in a pie chart by nodes.

Cost per energy for self-consumption: Overall and in a pie chart by

nodes.

Cost per network energy: Overall and in a pie chart by nodes.

Value of surpluses: Overall and in a pie chart by nodes.

Total savings achieved: Overall and in a pie chart by nodes.
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4. Final remarks

Even though the platform is thoroughly explained in this document, the Platform is
constantly being updated and aims to improve until the very end of the project.
This could be a reason for disagreement of what’s explained in this document and
the last version of the platform by the time Eneports ends.
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