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The study has a professional approach and is oriented
to transfer the knowledge between companies and researchers. Because of that, company professionals are
responsible from the main part of the teaching. They
taught sessions directly related to their work, contributing to a practical and applied vision.

From academic year 2010-2011 University of Zaragoza has offered the “Renewable energy grid integration” specialization diploma, promoted by CIRCE. This
course is framed in the European master offered by
EUREC (European Association of Renewable Energy
Research Centers) given by a consortium of European

The specialization diploma is a continuation of various
specific degrees offered by the University of Zaragoza
since 2010. The study has great international prestige,

Renewable Energy Grid Integration

Introduction

as evidenced the fact that about 80% of the students
comes from abroad, having form professionals over 15
different countries.

Universities.
It is taught in English and classroom teaching mode.
Its main objective is to offer a complete education, not

This allows the access of foreigner students and it has

just in new renewable generation technologies, but also

the objective of promoting Europe cooperation and

in the smart grids complex world, in the electric market,

make the Spanish students feel confident for work

legislation and standardization. The study explores the

within this area. In addition this allows the study was

use of advanced tools for grid analysis, with special at-

also offered as a specialty of the European Master in

tention to stability, grids quality and supply guarantee; in

Renewable Energy promoted by the EUREC Agency

present and future problems and solutions for renewa-

(European Renewable Energy Centers Agency) and a

ble energy integration into the grid.

consortium of European universities.
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Objectives

The main objective of this diploma is that the student deepens on distributed grids technologies and the integration
of renewable energy, for using them in projects and feasibility studies and promoting the development of R & D + i
activities in this area, knowing the legal framework and
the main companies.
In this way the students will acquire the knowledge
and skills for:
1. Development of projects and studies for installations
feasibility or renewable generation integration into
the present grid and the future distributed generation grid.
2. Identify the potential uses of electronic and communication applications bring to distributed generation.
Analyze the development possibilities in global and
local scale.
3. Know in depth the legal framework in the field of
renewable energy and distributed generation and
know how to apply the rules and regulations for the
grid connection.
4. Apply and develop R&D&i projects and/or make investments in this sector, knowing the main companies, working groups and associations to collaborate
with.
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Classroom lessons are divided into theoretical and
practical, sequenced in time in a coordinated manner.
Sessions have a duration of four hours divided among
theory and practice, laboratory practicals, technical visits and hours of study / tutoring.
Classes are taught mostly in the Escuela de Ingenie-

The study is conducted completely in English and it has
6 subjects (30 credits ECTS). It lasts 1 semester, from
February to June.
The subject program is offered in attendance modality.

ría y Arquitectura (EINA) of the University of Zaragoza.
Additional documents, notices and evaluations, etc., are
posted in the Anillo Digital Docente (ADD) on Moodle

Renewable Energy Grid Integration

Methodology

2 platform.
Students will receive as part of the teaching material,
the books published by CIRCE collection “Integration
of Distributed Generation and Renewable Energy Network”, whose authors are professors of the course.
In order to pass the course, it is necessary to have
attended at least 70% of the classroom lessons scheduled and succeed the corresponding evaluation
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Information

Course duration and schedule
Teaching will be usually scheduled Monday to Friday
from 09:30 to 13:30 h.
The schedule of special activities, such as technical
visits or sessions with guest lecturers, may differ from
the regular schedule.

Requirements
Access profile
Graduate students from technical and scientific degree,

The evaluation is integrated within hours of class attendance.

master degree, etc. It is recommended a basic knowledge
of electrical engineering.

Recognition of credits
The study coordinator Authority may agree to recognition

The course is given entirely in English, and it will be essential for students a good English knowledge.
Selection criteria
Assessment of CV and personal interview if necessary.
Selection criteria: (details and procedure will be published between the pre-enrolled students): Adaptation of

of subjects and/or modules from other university degrees,
both official studies and own studies. For this recognition
will take into account the correlation between the skills
and knowledge associated with completed credits and
those to be recognized. It will not been recognized more
than 60% of the total credits required. This recognition
will not reduce in any case the price of tuition.

admission profile: 20%; Academic records: 20%; work
experience related to the specialized degree: 20%;
Complementary training: 10%; Languages: 20%; Other
merits: 10%.

Contact details
Tel.: +34 976 762978
+34 976 762146

Number of students
This course has a maximum of 25 students.

Place
Classes are taught mostly in the Escuela de Ingeniería
y Arquitectura (EINA) of the University of Zaragoza.
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e-mail: circefor@unizar.es
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REE
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Albufera Energy Storage, S.L.
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Zaragoza University
Electrical Engineering
Artal Sevil, Jesús Sergio

Enterprise conferences
ACCIONA

Comech Moreno, Mª Paz

The energy division of the ACCIONA Group is a world lea-

Dufo López, Rodolfo

der in the field of renewable energy sources. It takes on

Melero Estela, Julio Javier

the mission of demonstrating the technical and economic

Sanz Osorio, José Francisco

viability of a new energy model based on criteria of sustainability. ACCIONA Energy has 20 years’ experience in the
sector. It is present in seven technologies, has operations
in 14 countries, and deploys its activity throughout the value chain. ACCIONA Wind power is a global leader in the

Enterprise Management and Organization
Marco Fondevila, Miguel

development, construction, operation and maintenance of
wind power facilities, with over 15 years’ experience.
DIgSILENT

Mechanical Engineering
Llera Llastresa, Eva
Uche Marcuello, Javier

It is a consulting and software company providing highly
specialized services in the field of electrical power systems for transmission, distribution, generation and industrial plants. DIgSILENT develops the leading integrated
power system analysis software covering the full range
of standard and highly sophisticated applications including a performance monitoring system.
ALBUFERA
Albufera Energy Storage S.L. is a Spanish SME
located in Madrid with the focus put in three main
lines of work:
Advising, Consulting and Engineering: on energy and
electrochemical systems adapted to the specific needs
of customers.
Training: organizing specialized courses as well as a
periodic congress on Metal-air batteries
R&D: mainly devoted to the development of Albased batteries. We are currently participating in
European and National projects.
Foundation for the Development
of New Hydrogen Technologies in Aragon
This Foundation was promoted by the Government of
Aragon with the aim of carrying out the organization,
management and execution of a wide range of actions
with the purpose of generating, storing and transporting
hydrogen for its use in fuel cells, in transport applications
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or for the generation of distributed energy.

ZIV

One of the top electric utilities in the world, IBERDROLA

ZIV is a Crompton Greaves (CG) Group Company. ZIV

has undergone a wide-ranging transformation over the

leads the Automation division of CG and is the centre

last ten years which has enabled it to advance through

of excellence for the development of CGs Smart Grids

the ranks to become the number one Spanish energy

worldwide (Protection, Control, Communications and

group, one of the Spanish main companies on the Ibex

Metering Solutions).

35 by market capitalisation, the world leader in wind
energy, and one of the world’s top power companies.

Red Eléctrica de España

AIR LIQUIDE

REE is the TSO (Transmission System Operator) of the

Air Liquide aims to power the world with clean,

Spanish power system. Being the owner of 99% of

renewable

to

Spain’s high voltage power transmission grid, it is the

the

only company that specialises in the transmission of

transport, materials handling and power sectors. Air

electricity in Spain. REE, as the system operator, gua-

Liquide is a key player in the growing hydrogen

rantees the continuity and security of the power supply

energy sector, with experience in its production,

and the proper coordination of the production and

refuelling infrastructure and end-user applications.

transmission system.

develop

sources
sustainable

of

energy.

energy

We

innovate

solutions

for

Renewable Energy Grid Integration

IBERDROLA

Our renewable energy activities include solutions to
capture and enhance biogas from sources such as

IREC

landfills, produce clean, renewable natural gas from
sewage sludge, this gas can be used for the

The Catalonia Institute for Energy Research was

electricity, heating or transport sectors.

created to contribute to the objective of creating a
more sustainable future for energy usage and

SIEMENS

consumption,

keeping

in

mind

the

economic

competitivity and providing society with the maximum
level of energy security. This contribution will be done

Its Energy Sector is one of the world’s leading suppliers

through scientific and technological development. The

of a wide range of products, solutions and services in

research requires a long-term vision which allows the

the field of energy technology. They enable customers

identification of future challenges in energy. The

to generate, transmit and distribute electrical power at

Institute also works with practical research which

the highest levels of efficiency. We also help them pro-

allows businesses to implement innovative solutions

duce, convert and transport the primary fuels oil and

immediately.

gas. We’re the only manufacturer worldwide with know-

The project is framed in the Catalan, Spanish and

how, products, solutions and key components spanning

global economic systems, and for that reason the

the entire energy conversion chain.

institutional and business patrons have singularly and
significantly joined forces for one common objective:

Unión Fenosa Distribución

the creation of value by means of scientific knowledge

In 1999 the independent company Unión Fenosa Distri-

and technological development in the energy sector, a

bución, S.A. was created. It is responsible for the regula-

sector with global consequences with brings the IREC

ted electricity distribution activity of Grupo Naturgy. Its

to an international arena, and becoming a point of

basic role is to transport electricity from the generation

reference in several of these areas.

plants and transport network to end users.
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Program

Subject

Credits

Subject 1:

Introduction to Electric Power Systems and Power Electronics

3.0

Subject 2:

Distributed Energy Resources

6.1

Subject 3:

Renewable Energy Integration

5.6

Subject 4:

DER Impact on EPS

5.2

Subject 5:

Smart Grids Solutions

6.1

Subject 6:

Energetic Markets

4.0
Total credits

Internship Program
There is a possibility of an internship period for the students of the Diploma in Spanish companies and abroad.
The selection process, remuneration, duration and
conditions are settled by the company.
The internship period is not a mandatory requirement
to obtain the title.
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30

Introduction to Electric Power Systems
and Power Electronics

Objectives
This subject has the aim to unify knowledge and set the
theoretical basis in terms of electricity and power electronics for understanding the concepts that will be explained later on the course. The distribution, stability and
quality grid concepts are reviewed.
Credits: 3 ECTS credits (2,5 theoretical, 0,5
practical)
Cost: 450.-€

Program
1. Introduction to electric grid
2. Security of supply and grid quality

Renewable Energy Grid Integration

Subject
1

3. Stability
4. Electric circuits analysis
5. Renewable energy impacto on the grid
6. Laboratory classes (trifasic systems)
7. Laboratory classes (reactive energy compensation)
8. Models or patterns of consumption. Response / Demand Management
9. Basic concepts of power electronics
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Subject
2

Distributed Energy Resources

Objectives

l

neration

Explain the basics of the electric generation with renewable resources, with special emphasis on the effects

l

nologies are presented because they are fundamental

l

Visit to PV system facility

l

Applications of hydrogen and visit to the Hydrogen Foundation

for the success of distributed generation.
Credits: 6.1 ECTS credits (4.2 theoretical, 1.9
practical)
Cost: 915.-€

Program

l

l

Electric Vehicle

l

Wind prediction techniques

2. Storage
l

Batteries

penetration of RES

l

Flywheel

Challenges and technological trends in the re-

l

Storage systems based on ultracapacitors

Challenges of the SEP operation due to the high

Advantages and disadvantages of distributed generation
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Visit to a hydroelectric plant

State of the art storage

newable energy grid integration
l

l

l

1. Basics aspects of Distributed Generation
l

Marine and offshore technology generation and
market

that the variability has on the grid and the challenges that
the industry faces. In addition, some of the storage tech-

Optimization of the integration of distributed ge-

Renewable Energy Integration

Objectives

Program

To study the fundamentals of power electronics as key

1. Control of AC/DC drives

tool for processing power with high efficiency and to

l

Necessity of power electronics: solar and wind

know the power converters and devices for the integra-

generation, storage, dip and reactive power com-

tion of renewable energy.

pensation, DC transport…
l

Credits: 5.6 ECTS credits (4.3 theoretical, 1.3
practical)
Cost: 840.-€

Renewable Energy Grid Integration

Subject
3

Modeling and simulation of power electronics
systems

l

Conversion DC/DC (Solar): topology, operation
and current control

l

Vectorial modeling of trifasic systems

l

Control of permanent magnets wind turbines

l

Conversion DC/AC trifasic

l

Control of active and reactive power of trifasic
systems connected to grid

l

Dip and interruptions compensation: DVR

l

Characterization techniques: harmonics, THD,
power factor…

l

Overview of other power systems

2. Active network devices and control
l

Control system for small wind turbines

l

Power inverter design

l

Microgrids

l

Theory and operation principles of FACTS

l

FACTS implementation and technology (Series /
Shunt compensation)

l

Aplications and simulation of power electronics
systems using PSCAD/EMTDC

l

Modeling of thyristor-based static Var compensator

l

Modelling of GTO-Based STATCOM -Modelling
of VSC-Based HVD link

l

Modelling and performance of SSCC in wind
energy application
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Subject
4

DER Impact on EPS

Objectives

Program

To introduce the different simulation techniques for the

1. Electric system modeling

appropriate design and operation of the electric grid in

l

the permanent, dynamic or transient regime. The wave

Introduction to the modeling and simulation of
electric systems

quality parameters required to an electric grid and ways

l

Per unit system

to measure those standards, will be presented.

l

Permanent regime simulation studies: load flows,
shortcircuits, secuence networks

Credits: 5.2 ECTS credits (4.0 theoretical, 1.2
practical)
Cost: 780.-€

l

Transient regime modeling: lines, transformer,
SEP stability, generation

l

Modelado de sistemas eléctricos en régimen
transitorio.

l

RE integration analysis

2. Quality of supply
l

Wind and solar farms verification procedures

l

Grid Codes and dynamic models for different
wind turbines
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l

Variable frequency drive

l

Slow voltage variations

l

Voltage fluctuations Flicker

l

Voids voltage and short cuts

l

Voltage pulses

l

Harmonic distortion

l

Voltage Imbalances

l

Network quality and renewable energy

l

Power quality analyzers

Smart Grids Solutions

Objectives

Program

To provide students with knowledge in programming and

1. Programming of intelligent networks

protection of smart grids. In addition, to expose the ac-

l

tual technology used in the field.

Smart Grids from the point of view of the network
operator (Demand Management, Electric Vehicle,

Renewable Energy Grid Integration

Subject
5

Storage...)
Credits: 6.1 ECTS credits (4.7 theoretical, 1.4
practical)
Cost: 915.-€

l

Operation and network planning with quality criteria distribution

l

Optimization Techniques

l

Practice microgrids

2. Protections
l

Introduction

l

Overcurrent protection

l

Distance protection

l

Differential protection

l

Protection coordination

l

Problematic of distributed generation

3. Smart Grids
l

IEC 61850 communications

l

Visit to Red Eléctrica de España control center

l

Visit to UFD facilities: Smart grids projects

l

PLC communications: Malaga Smart city experience

l

Visit to ERZ control center: smart meters
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Subject
6

Energetic Markets

Objectives

Program

To know the different legal and economic regulations

1. The electricity sector: structures and models

of distributed generation in different liberalized energy

2. Cost-benefit analysis of investment in RES

markets, and identify barriers and opportunities in each.

3. Calculation of tariffs considering quality costs
4. Socio-economic impact of Smart Grids

Credits: 4 ECTS credits (3 theoretical, 1
practical)
Cost: 600.-€

16

5. Impact of high penetration of RES in the electricity
market
6. Specific regulations for renewable energy

icirce.unizar.es/estudios-propios/listado-de-titulos-propios

Renewable Energy Grid Integration

Procedure

The number of places in the Renewable Energy Grid Integration Specialization Diploma is limited, so it is necessary a preregistration. The tuition fee for the course in the
academic year 2019-2020 is 3,500.-€.
All students must pay secretary expenses and an accident insurance (about 60.-€). It has established a preinscription fee of 180.-€, which will be deducted from
the total price of tuition if the student is admitted in the
diploma, or returned if it were not. If once admitted, the
student decides not to enroll in the study, the student
will lose that amount.
Pre-registration period:
From September 2019 to January 2020.
Preregistered selection and admission:
1st communication: November 1.
2nd communication: December 1.
Registration period:
December 2019 to January 2020

fcirce.es/masters
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Documentation required
Documents required for the pre-registration on-line:
l Receipt of payment of the application fee in which
must state the name of the student and the study
itself.
l Curriculum Vitae.
l Academic record.
l Title or receipt of the tittle application.
l ID card, passport or green card.
l 1 Photograph valid passport.

Pre-registration must be made through the website diploma.
Once the documentation is received and reviewed by
the coordinator, the pre-registration will be effective.
To enroll in individual subjects, contact the Secretariat
of the Diploma.
The account number in which the deposit of pre-registration must be done is:

Additionally, in the case of applicants with foreign de-

Renewable Energy Grid Integration

gree not approved:
l Access Authorization Request

Specialization Diploma
IBERCAJA: 2085 5202 7703 3224 0647

l Photocopy of passport or identity card.
l Photocopy of certified or legalized university studies.

Transfer from outside Spain:

l Photocopy of transcript of courses and grades.

SWIFT: CAZRES2Z / IBAN: ES91

l Program subjects.
Contact:
The student must submit the originals of these docu-
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María Paz Comech

ments when it will be requested by the Secretariat of the

Tel.:+34 876 555 126

Diploma.

e-mail: mcomech@unizar.es

Edificio CIRCE - Campus Río Ebro
Universidad de Zaragoza - Mariano Esquillor Gómez, 15
50018 Zaragoza
Tel.: 976 761 863 Fax: 976 732 078
web: icirce.unizar.es e-mail: icirce@unizar.es

