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Market orientation

Long - term research

ORIENTATION

Market Orientation focusing on technology development ,
new products and new technical solutions for energy
sector companies active in the same fields as IREC’s
established lines of action .

Long - term research into different aspects of the
established lines of action . It will not be initially aimed at
the market, but at generating knowledge amongst groups
in the Institute itself, with a long - term commercial
projection in mind .

The Institute’s orientation takes a dual approach



BOARD OF TRUSTEES

UNIVERSITIES
Politècnica de Catalunya (UPC)
Barcelona (UB)
Rovira i Virgili (URV)

GOVERNMENT OF SPAIN
CIEMAT (Ministerio de Ciencia e Innovación)
IDAE (Instituto para la Diversificación y Ahorro de la Energía -  
Ministerio de Transición Ecológica)

GOVERNMENT OF CATALONIA
Departament d’Acció Climàtica, Alimentació i Agenda Rural
Direcció General d’Energia 
Direcció General de Recerca
Institut Català d’Energia (ICAEN)

COMPANIES
Enagás
Endesa
Naturgy



Locations

Tarragona: Campus Sescelades

Barcelona headquarter: Diagonal-Besos
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RESEARCH GROUPS



Power Systems



Power Systems Group Strategy aims to provide solutions for the challenges of future electric grid in order to

ensure the proper advent and implementation of the Digital Grid. The global objective for the group is to set the

path of future electrical network by the development of innovative solutions for the challenging task of ensuring

resilient, stable, secure, digital and RES-based electrical network as the future of Power Systems

POWER SYSTEMS

• IoT-based comms

• LORA-technologies

• Standards

• CyberSecurity

• Gateway development

• SCADA & HMI

• Advanced BMS (model 

and electronics)

• EV applications

• Hybrid concepts 

• SOC & SOH tools

• Grid Support
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• Islanded operation

• State Estimation & Fault-

Location

• Grid operation & Grid Edge

• Efficient and distributed 

operation

• Resilience

• Grid Concepts: AC, DC

Electrical NetworkCommunications Energy Storage

• Power Electronics Design 

development and control

• Power Quality, Stability and 

Coordination

• RES Integration

• Floating Wind and Solar

• DigitalTwin for RES

Power Electronics & 

Renewable Energy



CAPABILITIES

• Design, development and deployment of devices to

monitor and control energy consumption, generation and

storage

• Model, control and validation of renewables and power

electronics

• Rapid prototyping and validation of electric equipment

(including power electronics)

• Control and communications architectures for smart

grids

• Grid emulator for testing of faults, dynamics, islanded

operation and perform power hardware - in- the- loop .

• Real - Time Simulators

• Set of emulator cabinets to reproduce the electrical

behaviour of generators, storage systems and

consumers

• Cybersecurity laboratory for smart grids (with EURECAT)

• Smart  Energy  Lab  for  laboratory  testing  of Smart  Grids

• Battery  testing  equipment  (i.e. ciclers , programable  

sources ,..)

POWER SYSTEMS



CAPABILITIES

• Use of Energy Management Systems (EMS) to optimize

Smart Grids operation

• Development and experimental validation of demand

aggregator and local energy communities

• Grid integration of second life batteries and V2X

technologies

• Monitoring and data analysis of energy systems

• Energy SmartLab and SEILAB are connected to test

policies and management strategies at district level

• LCA  and LCC  analysis



Research lines of interest

Renewable Energy Integration Research

• Cost Tools development and applications : LCOE and LCA

• Floating wind ; Solar PV, other

• Energy Maximization and control

• Ancillary Services Provision (i.e. Frequency Support,

Fault Ride Through, …)

• Wind Farm control (wake optimization)

• Advanced controls for Wind and coordination (i.e.

Consensus control)

• DigitalTwin development of RES systems

• Floating Wind Technology, control and modelling



Research lines of interest

Resiliency of Distribution grid

• Impact of Extreme Climate events on electrical grid

• GIS - Based tools

• Enhanced Mitigation techniques

• Self - healing and islanded operation

• Tool development

• Risk and Vulnerabilities assessment

• CyberSecurity

• Software Defined Networks



Research lines of interest

Energy Storage Integration

• EVs

• Battery Management System

• Energy Management System & SCADA

• V2G charger and coordination

• SOH & SOC estimation

• Hybrid ESS concepts

• Battery Model

• 2nd Life Batteries



Research lines of interest

Power converter development and design

• Fault - tolerant converters

• Multi- Level converters

• DC/DC

• Inverters

• MultiPort Converters

• Rapid prototyping



HIGHLIGHTS
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Evaluation the probability of failure of the 

electricity grid in the event of extreme flooding

Fault-tolerant power converter adapted to 

handle renewable energy efficiently

Cyber Power Grid Lab

PREDICTIVE TOOL PILOT PLANT

PRODUCT TESTING INFRASTRUCTURE

POWER SYSTEMS

LV grid optimal operation for maximizing 

PV penetration at la Graciosa Island



Battery Management Systems

✓ Development of Battery Management Systems

✓ Energy systems hybridization

✓ Battery cycling studies up to 1000V including ageing 
at different temperatures and WLTC

Power electronics & Communications

✓ Power Converter and controls design for 
PowerTrain, Charging, and Charger (out of 
vehicle).

✓ Gateway and comms development for EV 
(including IoT)  

Grid integration

✓ Grid integration studies and validation in micro-grid 
with selected scenarios and PHIL

✓ Smart Charging points design and test

Characterization and modelling for Battery 

Management System development

Facilities
✓ Smart Energy Lab
✓ SEILAB (large climate chamber)
✓ Cybersecurity (Cyberlab)

Power electronics, control 
and grid integration

Laboratory for EV and 

Battery testing



Vehicle Grid Integration (VGI)

✓ Charging point management (grid integration)

✓ V2G, Smart charging & EMS integration (e.g., Sunbatt)

✓ Energy management systems including electromobility services

✓ EV charging forecasting (usage and requirements)

✓ Data management: usage of EV data for BM evaluation, SOH & EoL,
new services.

Second life batteries

✓ Design of the optimal use of 2nd life batteries including hardware,
software and systems’ grid integration.

✓ Technologies and applications for the reuse of EV batteries in
buildings and energy plants.

✓ Gateway development for new applications after vehicle

✓ Ageing models

✓ Hybrid and multiple-batteries systems and optimal management
(Sunbatt II proposal, Tribat)

✓ Business models

✓ Circular economy

LCA

Flexibility (V2X), 2nd life 
and circular economy

Local Concentrators

Ethernet Switch operation

192.168.0.x

Ethernet Switch configuration

182.168.0.x

Ethernet Switch IREC

172.26.x.x

Modbus TCP-IP

Modbus TCP-IP

Ethernet Switch ADSL

192.168.42.x

SCADA

SCADAEMS Aggregator / Grid emulatorCyber Attacker

Grid emulator 

200kVA, 350A per phase

Weather
forecast

Energy price

Emulated systems

Real systems

MYD3

Armari – 2 uxarxa

Emulation cabinet 

 4kVA

Armari – 7 uxarxa

MYD4

Emulation cabinet 

 4kVA

Armari – 6 uxarxa

MYD1

Emulation cabinet 

4kVA

Armari – 4 uxarxa

MYD2

Emulation cabinet 

4kVA

Armari – 5 uxarxa

MYD?

Emulation cabinet 

4kVA

MYD?

Armari – 8 uxarxa

Ultracapacitor cabinet 

 57Wh; 10kW; 200Apk

2LBG

- +

2n Life Battery

2nd life Lithium battery 

32Ah; 23kWh; 40kW

MYD?

Armari – 3 uxarxa

Lithium battery 

82Ah; 20kWh; 150kW

- +

Central concentrator

Central concentrator

Data concentrators and gateways

CAN, Modbus RTU à Modbus TCP

Microgrid scenarios configuration

Load profile generation for the emulation cabinets

Start / Stop EMS, Agregator and Local Concentrator.

Forecast module

Grid emulator

Microgrid scenarios configuration

Programmable Configuration 
and management

Concentrator, Bridges 
and services

Laboratory for EV and 

Battery testing



Battery cycler
✓ 2 units of 500V up to 36kW; together up to 

1000V and 72kW (voltage range 0 to 1000V)
Cell/Module cycler
✓ 10 channels of 0-80A each (possible parallel 

up to 400A) Voltage from 1-6V. 
Grid Emulator
✓ 200kVA – 800Vac
✓ 60kWdc – 700Vdc
Programmable power sources/loads
✓ 2 units of 1,5kW
Grid Emulator
✓ 200kVA – 800Vac
✓ 60kWdc – 700Vdc
RealTime Simulators
✓ OPAL-RT
✓ TyphoonHIL-RT
Microgrid
✓ 7 units of 5kVA
✓ Other Energy Storage systems and 

converters.

Characteristics

Laboratory for EV and 

Battery testing
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