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Message from the President
INNOVATION FOR
TRANSFORMING THE ECONOMY

The contents of this report show how, even though
we are in the midst of tremendous difficulties, we
are continuing along the lines drawn by a steady
hand that are allowing us to go on being a top
organisation driving forward the competitiveness
of the business base around us.

It is most gratifying to see how over 100 companies in
our area have decided to tackle projects with IK4IKERLAN in the economic crisis which is now into its
fifth year. They come from a whole range of sectors
like transport, capital goods, energy or services. And
they comprise not only driving force companies but
also small and medium-sized enterprises. Many of
these companies have inscribed into their business
DNA the permanent need to innovate in their products, services and processes; they see it as the only
way of standing out and being globally competitive.
And undoubtedly these are the features marking the
transformation that our economy needs to undergo.
And it is gratifying once again to see that IK4IKERLAN's human team, made up of over 250 professionals, has taken advantage of its participation in the
research programmes of the various administrations
to develop in-house technological research. This research is fully geared towards seeking the technological
advantages that can be turned into value propositions
for companies.
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MESSAGE FROM THE PRESIDENT

Iñaki Aranburu
President of the Governing Council

As a result of research work sustained over time and
the setting up of an important network of allies, IK4IKERLAN can avail itself of a comprehensive offer that
will enable it to collaborate with companies in ways
ranging from the identifying of a new opportunity or
strategic aim to the placing onto the market of a new
value proposition.
All this has been the fruit of public-private co-operation
between administrations, companies and R&D centres
which, fortunately, have continued to function well
throughout 2012. We must all work to ensure that
now, more than ever, it will continue to function in the
same way.
2012 was also the International Year of Cooperatives
and, coinciding with this celebration, we at IK4-IKERLAN highlight the relevance of values which, like
“humanity at work” or “solidarity”, are going to be
crucial when it comes to sustaining any kind of human
and business development.

I should like to conclude by mentioning the positive
balance of the recently finished strategic period. We
have seen sustained growth in the Centre’s global
activity, in the number of researchers and in the volume of transfer; there has been significant success in
collaboration with the country’s driving-force companies, in the setting up of important NTBCs (New
technology-based companies) and in the establishing
of solid local and global networks for collaboration.
Thank you to all of you who have with your own hands
drawn these lines of action that are so necessary.
The pages that follow provide an overview of the
results achieved in the course of 2012 and which we
trust you will find of interest.
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Activities 2012
A FRESH STRATEGY
GEARED TOWARDS THE FUTURE

2012 marked the end of a strategic period in which
we had to swim against the tide of a deep, persistent crisis. And the first confirmation is that, the
difficulties notwithstanding and with the effort of a
great team of people, the crossing as a whole has
been positive.

Activities 2012
Among the highlights of 2012 were the International
Year of Cooperatives, IK4-IKERLAN’s hallmark, as well
as the prominent use of Basque in our Centre, which
has been recognised with the award of the official
BIKAIN certification in the silver category.
Now more than ever we need a strategy geared
towards the present, but also towards the future of our
companies. So IK4-IKERLAN’s new Strategic Plan has
four chapters devoted to the transfer of technological
knowledge to companies, and a fifth devoted to the
leadership, participation and professional development of our people, and a sixth to efficiency in Inhouse Research.
Among the investments made in 2012 feature the
cycler and the climatic chamber for electricity storage
systems.
Revenue achieved in 2012 amounted to 20.6 million
euros. 13.2 million of this amount corresponded to
R+D projects under contract with companies, and 6.0
million to our own Research projects, which have had
the support of the Government of the Basque
Autonomous Community, the European Union, the
Spanish Government, and the Charter Provincial
Council of Gipuzkoa.
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ACTIVITIES 2012

Javier Mendigutxia
Managing Director

R&D Under Contract
The projects Under Contract with companies have on
the whole been in line with the forecasts outlined in
the Management Plan. Mention should be made of
the participation in 12 projects in the Etorgai programme of the Government of the Basque Autonomous
Community as well as in 8 projects belonging to the
Innpacto Programme of the Spanish Ministry of the
Economy and Competitiveness.

International
IK4-IKERLAN presented 31 research project proposals within the European Union’s 7th Framework
Programme. As we wait to find out the result of most
of these proposals, we do know that four of them
have been approved and that we have secured leadership in one of them. The accumulated figure of
European returns is in excess of €7M.

IK4-IKERLAN's Own Research
In the chapter on scientific production some excellent
results have been achieved. With 22 articles in SCIE
publications and 60 papers at conferences, the aims
set out in the Management Plan have been exceeded.

Collaboration with the scientific and
technological world
In the context of the IK4 Alliance, mention must be
made of the specifying during 2012 of a Strategic Plan
geared towards economic recovery and based on the
ongoing technological updating of our companies.
IK4-IKERLAN has continued to develop its lines of
collaboration with the Mondragon Faculty of
Engineering in the areas of electronics and communications, power electronics and electrical machines, as
well as the fostering of PhD theses.
Consistent with the development policy of our network of collaborators, 18 IK4-IKERLAN researchers
participated last year in long-term stays at top national and international Centres and Universities.
In this chapter of global collaborations mention should
be made of the setting up of four new collaboration
agreements with the École Centrale de Paris, the
University of Siegen, the University of Patras and the
IREC of Catalonia.

As regards protecting the knowledge generated by
IK4-IKERLAN, four new patents have been applied
for; they deal with activities in Microsystems and
Design of mechatronic structures.
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IK4-IKERLAN's Own Lines of Research
NEW KNOWLEDGE PUT
AT THE SERVICE OF OUR CLIENTS

IK4-IKERLAN’s Own Research activity continued to
develop in 2012 in accordance with the guidelines
marked out in the Specialisation Plan 2012-2013. It
was therefore oriented towards the aim of increasing
knowledge and the Centre’s differential value, which
will enable us to contribute better towards developing
new products and services for our clients and
improving their operational processes.
So work was done in IK4-IKERLAN’s six active lines of
research; each one was evaluated and reviewed after the
current Specialisation Plan had been in force for 2 years to
ensure that its roadmap is correctly aligned with the
above-mentioned aim.
The result of the research in 2012, explained in more detail
on the following pages, led to:
• The publication of 22 articles in indexed journals.
• The publication of 60 papers at national and international conferences.
• The application for four new patents in the ambits of
Microsystems and the Design of mechatronic structures.
• The reading of three PhD theses and the starting of ten
new ones.
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Thanks to the work to prepare the research project proposals aligned with the technological objectives of the lines
of research, the following were achieved:
• The launching of two new projects of the 7th
Framework Programme (7FP) – one of which is being
led by IK4-IKERLAN – in the areas of Information and
Communication Technologies and International
Training Networks of the Marie Curie scheme.
• The preparing of 31 proposals for the 7FP for
European research, of which four have already been
approved in the areas of Green Car (led by IK4IKERLAN), Smart Cities, Factories of the Future and
ARTEMIS.
• The commencement of three new INNPACTO projects
of the Spanish Administration.
• The approval of a Fundamental Non-targeted
Research Project of the Spanish Administration.
• The starting up of three projects in the ETORTEK call
of the Government of the Basque Autonomous
Community (region).
• The launching of a project within the programme for
the Science, Technology and Innovation Network of
Gipuzkoa run by the Charter Provincial Council of
Gipuzkoa.

IK4-IKERLAN'S OWN LINES OF RESEARCH

Lines of research of
the Specialization Plan 2010-2013

L1: Embedded Systems
L2: Conversion and Control
of Power Electronics
Systems

L3: Design, Monitoring and
Control of Mechatronic
Structures

Ana Martínez Esnaola

L4: Microtechnologies for
in vitro Diagnostics

Research and Knowledge Director

L5: Mass Product and
Service Customization

One important aspect of IK4-IKERLAN’s Own Research
is the setting up of a collaboration network with centres
and universities that reinforces and complements the
Centre’s technologies. In this respect, apart from the
collaboration with the current network featuring the IK4
Alliance, CIC microGUNE and the MU-Mondragon
University Faculty of Engineering, three new collaboration
agreements were signed with the École Centrale of Paris,
the University of Siegen, the University of Patras and the
IREC-Institute for Energy Research of Catalonia in the line
of the Design, Monitoring and Control of Mechatronic
Structures. Participation was also secured in two Joint
Programming schemes of the EERA (European Energy
Research Alliance): the Wind JP and the Energy Storage
Systems JP.
Throughout 2012 work continued in researcher mobility
with stays within the network of collaborating organisations. In the course of last year a total of 18 IK4-IKERLAN
researchers spent periods of time at:
TU-Wien (Austria), and at the Universities of Edinburgh
(Scotland), Pisa (Italy) and Cantabria (Spain) in embedded
systems. In the field of power electronics and electrical
machines, periods of time were spent at the G2Elab
(France), the University of Sheffield (U.K.) and the
University of Santiago de Compostela (Galicia). In the area
of the design, monitoring and control of mechatronic

L6: Electrical Energy
Generation and
Storage Systems

• Dependability and methodology
• Reference architectures and platforms
• Connectivity and middleware
• High power converters
• Control of converters and machines

• Design of composite material structures
• Structural monitoring
• Control of mechatronic systems
•
•
•
•
•

Design of IVD architectures
Microfluidic control
Biodetection modules
Components for organic electronics
Micro-manufacturing processes

• Customization of services
• Product-service supply networks
• Development of a SOFC stack with
metal support
• Electrochemical modelling
• Thermal modelling. Design of advanced
refrigeration solutions
• Battery management systems
• Energy conversion systems for electrical
storage applications

structures in composite materials, IK4-IKERLAN sent
researchers to the Amade Centre of the Universitat de
Girona, the Katholieke Universiteit Leuven (Belgium), the
Université Franche-Comté (France), the École Centrale de
Paris, the Universitat Politècnica de Catalunya, the
University of Siegen (Germany) and the University of
Patras (Greece).
Finally, in the line of Microtechnologies IK4-IKERLAN researchers spent periods of time at the IMEC in Belgium and
the CNM-Institute of Microelectronics in Barcelona, and
with respect to the line of research involving Electrical
Energy Storage, periods of time were spent at the ISEA in
Aachen (Germany), and at the École Polytechnique
Fédérale of Lausanne (Switzerland).
Likewise, IK4-IKERLAN welcomed researchers from TU
Wien and the University of Franche-Comté.

Bodies co-funding Own research:
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EMBEDDED
SYSTEMS
This line of research of IK4-IKERLAN tackles the development of technologies that enable greater smart
capabilities, connectivity, interaction with the environment and dependability to be incorporated into
products. The most important results generated in 2012 were the advances achieved in Industrial
Wireless, Dependability and Mixed Criticality in addition to the ones described below:

DEPENDABILITY AND METHODOLOGY

CONNECTIVITY AND MIDDLEWARE

Continuing with the evolution and specialisation in these
technologies, the potential for the development of safe
multisector systems (SIL1…SIL4) and software product
lines has been increased. We already have 12 researchers with TÜV Rheinland accreditation for the development of dependable IEC-61508 systems, and one with
the ISO-26262.

IK4-IKERLAN increased its potential in connectivity to
address challenges like:

In order to cut costs, the deployment of efficient strategies
to verify and validate embedded systems was also
pursued.

REFERENCE ARCHITECTURES
The aim is to incorporate applications with different criticality levels (mixed criticality) onto one single platform: safety
functions, security, real time, non-real time, etc. The ultimate aim is to develop more competitive embedded
systems: cheaper, less volume / weight and greater capacity for integration. Work was done to deploy applications
on multi-core platforms and hypervisors.

Working session on dependability
and methodology
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• Wireless solutions with high availability and robustness
in harsh environments (Industrial Wireless). A work
and technology methodology, which is already being
successfully applied in industrial projects, was
developed.
• The integration into platforms of the necessary mechanisms to meet common non-functional requirements,
like Quality of Service (QoS) or partial reconfiguration,
allowing the developer to concentrate on the functional
aspects.
• The integration into platforms of the necessary infrastructure so that during execution time the platform provides the services needed to execute, monitor and
control distributed applications as well as the system's
resources.
IK4-IKERLAN collaborates with TU Vienna, the
University of Edinburgh, the IK4 centres, the MUMondragon University’s Faculty of Engineering, the
University of Cantabria, and the University of Siegen.

Industrial wireless
development platform

IK4-IKERLAN'S OWN LINES OF RESEARCH

CONVERSION AND CONTROL
OF POWER ELECTRONICS SYSTEMS
The systems to convert and control high-power, efficient and available electrical energy will be basic in the
modernization of sectors as essential as that of energy, including renewables, or transport. In 2012 IK4IKERLAN did research mainly into high-power converters, electrical machines and electromagnetic power
devices and into the integration of electrical systems.

HIGH POWER CONVERTERS
One of the main activities was the study of advanced
semiconductors. A new activity was launched around
Silicon Carbide (SiC) semiconductors. A testing platform
was designed to experimentally assess the advantages of
SiC technology in terms of efficiency and volume reduction, and also to specify the requirements for implementing
them. A characterization of IGBT Press Pack semiconductors was also carried out and its performance was
compared with that of IGCT technology. In addition, a
demonstrator that allows various advanced switching
topologies and techniques to be analysed was developed
and fine-tuned for applications of very high energy
efficiency and density.

ELECTRICAL MACHINES AND ELECTROMAGNETIC
POWER DEVICES
As regards control, the strategy for direct control over a
permanent magnet synchronous motor (PMSM) was
experimentally validated. It is designed to be applied in
railway traction. In addition, two online techniques to estimate the flow from the magnets in machines of this type
were studied: one based on reactive power return and
the other on a Kalman filter. In the design of electric
motors, 2012 saw considerable progress thanks to the
development of an early version of a methodology to
design permanent magnet synchronous electrical motors
which is accompanied by an optimized design code.

INTEGRATION OF ELECTRICAL SYSTEMS
State-of-the-art connection regulations for photovoltaic plants (PV), a review of converter topologies and
an analysis of plant power and control architectures
were also accomplished.
This line collaborates with top universities like the MUMGEP (Mondragon University’s Faculty of Engineering),
the EPFL of Lausanne, the G2ELab of Grenoble, the
UPC-Polytechnic University of Catalonia, the University
of Santiago de Compostela (Galicia) and ISEA of Aachen.

Demonstrator for analysing very high energy efficiency
and density switching topologies and techniques

Tools for designing permanent magnet
synchronous motors
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DESIGN, MONITORING AND CONTROL
OF MECHATRONIC STRUCTURES
Succeeding in making structures or systems reliable and durable despite the passing of the years and working
conditions, however tough they may be, is a tremendous challenge. To achieve this, it is necessary to ensure
reliability and durability on the basis of structural design and control, but it is also necessary to know the
conservation and functioning status of the structures. IK4-IKERLAN’s activity in this field in the course of
2012 is summarized as follows:

MULTI-MATERIAL STRUCTURE DESIGN
Fracture toughness in mode I and mode II of woven
composite materials in terms of nesting was characterised. Progressive damage models applied to an openhole sample were developed and the fault in the sample
was characterised by means of infrared thermography.
An application for a patent was made for the equipment
that accelerates the fatigue characterisation of mechanical properties. In adhesive joints, a panel of rigidized
composite material was characterised through the bonding of a T profile, in a configuration similar to that used
in aeronautics.

STRUCTURAL MONITORING
An algorithm was developed to detect faults in structures.
It is capable of detecting cracks and defects in substructures, like those of wind turbines, through a combination
of techniques (mutual information, principal component
projection and specific algorithms). A method is also
being developed to locate faults in the substructure and
the specific place where they are located by using structure vibration modes extracted during operation.
A methodology was also proposed for the robust calibration of models of dynamic systems subjected to poorly
known loads, which was illustrated using a model of a
wind turbine drive train.
Characterization of an open-hole sample
of carbon fibre-reinforced composite material
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DYNAMIC MODELLING OF COMPLEX SYSTEMS AND
ADVANCED CONTROL TECHNIQUES
The methodology was extended for the design, implementation, validation and evaluation of multi-objective
robust controllers for wind turbines by incorporating the
functions for LPV (Linear Parameter Varying) modelling
and control. This methodology was applied to various
control loops, including individual pitch control, and
good results were obtained when the loads being borne
by the main mechanical components were reduced. A
virtual prototype based on FAST/Simulink is available for
the real-time validation and evaluation of the performances of the control algorithms implemented over a generic hardware platform.
IK4-IKERLAN is collaborating in the design of multimaterial structures with IK4, MU-MGEP Mondragon
University Faculty of Engineering, the Universitat de
Girona and the Katholieke Universiteit Leuven; in
structural monitoring it is collaborating with the
UPC-Polytechnic University of Catalonia, the
University of Siegen, the University of Patras and the
Université de Franche-Comté; and in modelling and
advanced control techniques with the IRECCatalonia Institute for Energy Research, the UPVEHU-University of the Basque Country and the
ESTIA School of Engineering.

Laboratory detection and location
of substructure cracks

IK4-IKERLAN'S OWN LINES OF RESEARCH

MICROTECHNOLOGIES FOR
IN VITRO DIAGNOSTICS
In the field of life sciences, more and more needs are being seen for diagnosing and detecting different parameters rapidly and in situ. In this line of research the focus is oriented towards developing platforms based
on microtechnologies that incorporate multiple disciplines as a key factor for success in real applications.
The main results of the research in 2012 were as follows:

METHODOLOGY FOR MICROFLUIDIC ARCHITECTURES

CODIFIED MICROSPHERES

A methodology for the analysis, design, development and
validation of architectures for microfluidic devices is now
available. This allows biochemical reactions to be transferred to a microfluidic device, and the prototype design to
be systematized and thus ensure modularity and reproducible, repeatable behaviour.

This piece of work makes the measurement of multiple
parameters possible by means of the codification of
microspheres with populations of Quantum Dots through
successive layers and by infiltration and subsequent
functionalization of the surface.

STORAGE OF REAGENTS
Formulations and methods for preserving reagents inside
the chip were developed. Priority was given to the lyophilisation and gelation of reagents like oligonucleotides,
enzymes or magnetic beads. A method was designed to
contain and drive liquids along a microfluidic cartridge.

BIOSENSORS
The research focussed on electrochemical sensorization
to detect free DNA, and on potentiostat / galvanostat
development incorporating electronics for the excitation,
amplification and acquisition of the electrochemical cells
on the chip.

Electrochemical
detection module

POLYMER MICROARRAYS
The fixing of proteins and DNA onto a film was optimized,
and the chamber for on-chip hybridization was sealed,
thus modifying the conditions that favour it.
The activities described have led to the application for
three patents.
IK4-IKERLAN is a member of CIC microGUNE and IK4,
with which it is coordinating its research activity. It is
also collaborating with top organisations like lMEC
(Belgium), IMTEK (Germany), the ICIQ (Spain) and the
CNM (Spain), among others.
IK4-IKERLAN is leading the LABONFOIL and ANGELAB
European projects.

Oligo arrays in a hybridization
microchamber
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MASS CUSTOMIZATION
OF PRODUCTS AND SERVICES
In order to improve the competitiveness of companies, this line of research develops and validates highly
customizable tools and methodologies. The application of these developments in collaboration with all the
agents in the value chain allows the company to offer an innovative provision of services that add more
value, a different business strategy, and an ongoing model of value chain optimization. The progress made
in 2012 is outlined below:

PRODUCT-SERVICE BUSINESS MODELS

SERVICES ENGINEERING

Innovation techniques were developed for business
models highlighting the opportunities emerging out of
open innovation to promote business based on interorganizational and ‘open’ collaboration for the user.

Scalability and variability in the design and development
of automatic services were taken further. Optimization
techniques were also applied in the development of the
main components of a service with an algorithm involving
the concept of ‘optimization’.

DESIGN OF CUSTOMIZED SERVICES

This features the validation of the applicability of these
developments in the industrial ambit, with a scenario of
remote service for predictive maintenance and a scenario
of energy efficiency.

In the field of customized services design, the methodology to define services was substantiated, and the techniques for modelling and simulating the processes of the
services was used to validate resource sizing.

For the strategic design of supply networks the current
model was re-defined so that products and services can
be modelled and simulated with the tool, and the behaviour of the design of the supply network proposed can be
validated.

IK4-IKERLAN co-operates with organisations like
Cambridge University (business model innovation);
RWTH Aachen University (open innovation); MIK (open
innovation), MIT (models of customizable services); the
EHU/UPV-University of the Basque Country (incorporation of the concept of software product line into product/service design); the Foundation MATIA-INGEMA
Institute of Gerontology (personalisation of new home
care models); and the CIGIP (strategic design of supply
networks).

Techniques for analysing and designing
new business models

Remote service
for predictive maintenance

PRODUCT-SERVICE SUPPLY NETWORKS
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IK4-IKERLAN'S OWN LINES OF RESEARCH

SYSTEMS FOR GENERATING AND STORING
ELECTRICAL ENERGY
IK4-IKERLAN is accumulating considerable experience in the development of electrical energy storage and
thermal management technologies for the transport and energy sectors. This has enabled it to make advances in the development of in-house technologies and new prototypes by developing and enhancing the
methodologies for the design and development of battery and ultracapacity-based storage systems, as well
as systems for thermal management. The most noteworthy achievements in 2012 were as follows:

METHODOLOGY FOR THE SELECTION AND ANALYSIS
OF CELL AND MODULE DEPENDABILITY
Techniques were developed to speed up the selection of
the technology and its incorporation into the final product.
Through accelerated degradation strategies it was possible to improve the prediction of the life of the technologies.
The analysis of the dependability and safety of the cells
and modules was also improved, and this made it possible to extend the research conducted to over 30 different
new technologies for the transport and energy sectors.

NEW MODELS OF ELECTRICAL AND THERMAL
BEHAVIOUR OF LITHIUM-ION BATTERIES
IK4-IKERLAN standardised its design process for various
technologies, which enable savings to be made in future
development costs, and an improvement to be made in
the performance of future products in the pipeline. Some
of the results, published in well-known scientific journals,
are among the best internationally.

BATTERY MANAGEMENT SYSTEM (BMS)
Control algorithms were developed to determine the charge status and improvements were incorporated in order to

New lithium-ion module developed; it incorporates new
thermal and electrical management techniques.

specify state of health, as well as cell balancing in the
modules; these are basic technologies for developing
competitive applications. So IK4-IKERLAN has developed a new lithium-ion module designed for future applications in the transport sector.

THERMAL MANAGEMENT
For the transport and energy sector a methodology
was consolidated to cover the whole value chain for
developing thermal management systems, including
the validation processes necessary to integrate the
components or products into the end applications. This
allows us to be the only centre in our area that has
these capabilities available; we are thus able to offer
our industrial base comprehensive thermal management solutions, which allows new entry barriers to be
incorporated for international competitors. These developments are increasingly crucial when it comes to
improving the global energy efficiency of these products as well as integrating them into new market lines
that call for efficient thermal management.
This line of research collaborates with top research
organisations like: CIC energiGUNE, Tecnun, MUMGEP-Mondragon University Faculty of Engineering,
University of Oviedo (Spain), École Polytechnique
Fédérale de Lausanne (Switzerland), and the ISEA of
Aachen (Germany).
Development of new control algorithms
for new applications
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Contract R&D
THE VALUE
OF CONFIDENCE

As far as IK4-IKERLAN’s relationship with its customers is concerned, the year 2012 was one of great
stability. This has to be the result of the value contributed by the Centre towards resolving the R&D
demands of companies. In a context in which the
business base is having to face serious difficulties in
order to keep going, the income of IK4-IKERLAN arising from contracts signed with different companies
met the aims established, and amounted to 13.2
million euros with the principal sectors being transport, non-industrial capital goods and energy.

The map of clients
IK4-IKERLAN has offered advanced R&D solutions to a
broad spectrum of enterprises, large companies as well
as SMEs. This confidence in the Centre’s knowhow has
made it possible to reinforce the close, ongoing collaboration with leading companies like Grupo CAF, Grupo
ORONA, FAGOR Group, ALSTOM, AMPO, FAGOR
ARRASATE, ULMA, ORMAZABAL, COPRECI, etc. But
the fact that there is a significant number of small and
medium-sized companies that contract R&D&I services
should also be highlighted because in 2012 they grew to
96 companies.
This positive trend reinforces the strategic and leadership
role played by IK4-IKERLAN in the business environment, with the driving forward of research and development projects that have shown themselves to be crucial
in guaranteeing the competitiveness of large companies
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and SMEs with a particular impact on companies in the
Basque Country.
Finally, attention needs to be drawn to the prominent role
that IK4-IKERLAN is gradually acquiring with greater yearon-year strength in the marketing of technology-based
products, through its increased presence in the spinoff
client base set up under the auspices of the Centre.

The impact on product, process
and service
IK4-IKERLAN’s main hallmark is its commitment to driving forward the competitiveness of companies, understanding this responsibility as work at the service of the
business base to develop innovative products, processes and/or services. This hallmark has been maintained
over time and has turned the R&D Centre into a leader in
the integral development of products and services with
local companies.
2012 is also characterised by the commitment to collaborate with the business base; over the year IK4-IKERLAN co-operated with a large number of enterprises in
incorporating added value into their products and services, seeking thus to be more competitive and to stand
out. Much of the Centre’s contribution of value was in
this area and, in co-operation with IK4-IKERLAN, companies identified and developed opportunities to generate value and differentiation through technology.

CONTRACT R&D

Guillermo Irazoki
Marketing Director

This work is complemented by a fair number of projects
in which innovation is geared towards bringing value to
business processes, thereby seeking to impact upon
other key competitive aspects of companies.

Contract R&D by sector
From a sectoral perspective, the impact map of R&D
Under Contract developed by the Centre in 2012 does
not offer any substantial variations with respect to previous years, and that is reasonable if one bears in mind
the loyalty and stability of the group of clients.
Transport is the sector with which the Centre has maintained the greatest co-operation, since there was a significant increase with respect to 2011, and it went on to
account for 27% of the income from Contract R&D
projects. At the same time, participation in the non-industrial capital goods and energy sectors, each of which
accounted for 20% of income, is worth highlighting.
The impact map by sector is completed by that of industrial capital goods and health with about 10% of income;
domestic appliances with 5%; services with 4%, and
that of electronics and computing with 3%. It is worth
highlighting the fact that the impact on the health and
energy sectors, earmarked as priority ones by the
Centre in its Strategic Plan currently in force, is consolidating from one year to the next as a result of focussing
on marketing moves within them.

Participation in strategic, multi-client
projects
IK4-IKERLAN's strategic line with respect to its close cooperation with companies does not, however, prevent it
from concentrating a high level of results in strategic programmes promoted by the public administrations and
geared towards companies. It is no coincidence that one
of the most valued conditions for participating in these
projects is that they should foster collaboration between
companies and research bodies, which is consistent
with the R&D centre’s core commitment.
Participation in the CENIT and ETORGAI strategic programmes was tremendously positive. In 2012, the
Centre worked on three CENIT projects and thirteen
ETORGAI projects in collaboration with top companies
like Grupo CAF, Grupo ORONA, FAGOR Group, ULMA,
ALSTOM, AMPO, FAGOR AUTOMATION, CEGASA,
ORMAZABAL, etc. In all of these cases IK4-IKERLAN
assumes the role of top technological partner and shapes multi-annual strategic collaborations in the field of
R&D&i.
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PRODUCT DEVELOPMENT Unit
R&D&i FOR
SUSTAINABILITY

The Product Development Unit, together with leading
industrial groups like ALSTOM, AMPO, Grupo CAF,
FAGOR Group, ORONA or the Grupo VELATIA, has
developed high added-value products and services.
While meeting the standards at all times, quality, cost
and deadlines have been improved and the competitiveness of our clients has been guaranteed, in some
cases competing with world leaders.
We need to be aware of our capacity to turn a problem
into an opportunity and to keep a spirit of improvement and progress alive. Nobody is in any doubt that
the future is going to call for large doses of R&D&i to
maintain sustainability.

People
In 2012 the Product Development team was enhanced
and reinforced with the incorporation of five new working
partners: Josu Gabilondo in Sensors, Jan Heukamp and
Nerea Uriarte in Electronics, Marcos Aguirre in
Mechanical Engineering and Aitor Urbieta in Software
Technologies.

IK4-IKERLAN's Own Research
The third year of the Specialisation Plan 2010-2013 confirmed the Unit’s expertise and leadership nationally in
Embedded Systems; Conversion and Control of Power
Electronics Systems; Design, Monitoring and Control of
Mechatronic Structures; and Microtechnologies for in vitro
diagnostics. We continue committed to generating and
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capturing technology as well as to collaboration with the
main benchmark centres in each line of research.
We confirmed that the Specialisation Plan is in tune with
the technological needs of the companies that collaborate with the Unit. The benefits that networking with other
top centres can bring for R&D&i of companies were also
verified.

Contract R&D
The Product Development Unit’s activity in Contract
R&D was maintained at €9.5 M. Leadership teams in
projects with driving-force, collaborating companies
were consolidated; they have helped to improve, structure and invigorate the response to our clients by contributing value propositions, solving their problems and effectively managing their present and future needs thanks to
their knowledge of companies and the sector.
The stability of the people and the teams and their adaptation to company needs enabled the technological
challenges and commitments with respect to budgets and
deadlines in the Contract R&D projects to be successfully
tackled.
Finally, the closing of 2012 reinforced the project portfolio of the Product Development Unit in terms of quality
and quantity and by increasing the number of client companies and participation in CENIT (2), INNPACTO (9) and
ETORGAI (9) programmes.

PRODUCT DEVELOPMENT UNIT

05
NEW GENERATION OF SMART
CHIMNEY EXTRACTOR HOODS
Fagor Electrodomésticos, the company leading the INNPACTO FOCUS
project, together with several participating partners including IK4IKERLAN, is running this project
geared toward creating a new generation of smart chimney extractor
hoods that are efficient in terms of
extraction, silent and easy to
maintain.

Marcelino Caballero

Fagor extractor hood and its
fluid-dynamics modelling

The initial phase of the project tackled fluid-dynamics and acoustic
modelling and their subsequent verification in order to move on to the
phase for generating conceptual
alternatives.
These alternatives are evaluated by
means of models which move on to
the next phase, which involves the
detailed design of the alternatives
that are more efficient from the
extraction point of view, and which
are at the same time more silent.

Product Development Unit
Director

Diagram of smart devices
to be deployed
in the project

THE PRICE PROJECT (JOINT SMART GRID PROJECT FOR THE HENARES
CORRIDOR)
Fagor Electrodomésticos together
with IK4-IKERLAN are two of the
partners participating in PRICE, an
ambitious project led by Gas
Natural Fenosa and Iberdrola
Distribución and funded by the
Spanish Ministry for the Economy
and Competitiveness and ERDF
(European Regional Development
Fund) grants. With 22 partners participating and a budget of 34 million
euros, this project aims to deploy
smart grids throughout the Henares
corridor, between the Madrid
Autonomous Community (region)
and the province of Guadalajara.
The smart electrical power distribution grids make use of ICTs
(Information and Communication
Technologies) to support the optimization of the consumption and
distribution of electrical power.

Fagor and IK4-IKERLAN are in fact
working on the so-called smart
appliances capable of actively
participating in managing energy
demand. So one of the main challenges of this project is to achieve
the right interaction between the
system operator, distributors, marketers and electric public utilities, in
the interests of “smart” action to
optimize electrical power consumption and expenditure from the
perspective of the end user.
The work to be carried out in this
project will position Fagor Electrodomésticos and IK4-IKERLAN as
leading players in the design and
development of enabling technologies in the optimized management
of energy resources.
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ORONA is a leading group in the European market with an activity focusing on the
design, manufacture, installation, maintenance and modernization of lifts, escalators,
ramps and walkways. Its commitment to R&D&i, which puts it among the European
companies with the highest investment in this field, is led by its research centre ORONA
EIC, which has universities and R&D centres in its network collaboration model, a prominent one being IK4-IKERLAN.

ARCA III – DESIGN OF A NEW ARCHITECTURE
FOR LIFT CONTROL

CALL DISPATCHER NODE

The keys that have guided the design of a new generation
of lift control are: cost cutting, reduction and management
of energy consumption, increase in features, product flexibility, and improvement in the lift conservation processes.

ORONA, in collaboration with IK4-IKERLAN, is developing
a call dispatcher node that manages aspects linked to the
traffic within a lift installation, like for example, the recording and signalling of calls or the assigning of them
according to specific criteria; all this is specified by the
traffic algorithm.

In 2012 in collaboration with IK4-IKERLAN, ORONA
designed the new lift control suite called ARCA III.
This new lift control will meet the new EN81-20 safety
standard and the new ISO standard for Class A lifts.
It is going to have a new drive system without power contactors which will allow stand-by states and facilitate the
rescue operation. This drive system will be in communication with lift control to incorporate new functionalities like
optimized speed profiles for each trip or direct landing to
floor, thus minimizing travel time.
Two developments stand out within the new architecture:
the new energy management system that optimizes
energy, and the M2M link that allows remote connection
oriented towards conservation.
It will also incorporate a new TFT-based visualisation
system with advanced connectivity and signage.
Through this new control architecture, ORONA will be able
to offer solutions for top-of-the-range facilities where up to
eight lifts can coexist within a single group, can serve up
to 64 floors, and provide a high degree of comfort and
mobility within buildings.

In this respect, two new algorithms have been incorporated into this traffic master which tackle the problems
posed by two types of specific installations: asymmetric
installations with blind floors, and premium installations
with intense traffic, typically office blocks with a large
number of users.
For this second case, a basic prototype of floor destination selection interface was developed and which allows
the passenger to indicate his/her destination before entering the cab. That way, the algorithm can group together
passengers with the same destinations and improve waiting times in up-peaks.
These developments will form part of a new ORONA product called GDD (Green Destination Dispatcher) that will
allow passenger traffic to be improved, bearing in mind
aspects of energy consumption.

Algorithm to preselect floor destination

New ARCA III CPU
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eCONSERVATION IN LIFTS TO OFFER AN
OPTIMUM SERVICE GUARANTEEING FULL LIFT
AVAILABILITY AND SAFETY

LIFTION: LITHIUM-ION STORAGE SYSTEM
FOR LIFTS

On the basis of the development of sensorization devices
and the implementation of software embedded into the
lift's smart components, ORONA is working on a methodology that will enable it to incorporate optimum solutions geared towards the maintenance of its installations.
This methodology will allow information to be made available to anticipate breakdowns, as well as knowledge
about the state of the critical components in order to
guarantee maintenance that will ensure that the installations are fully in use and safe.

ORONA has developed, in collaboration with IK4-IKERLAN, an energy storage system based on Li-ion batteries
in order to produce elevation systems that use less power.

In 2012, in collaboration with IK4-IKERLAN and CEIT-IK4,
a cable sensorization device was developed. This device
enables one to know the initial state of the cable and its
deterioration depending on the operating cycles.
Likewise, through the monitoring of signals from different
actuators, ORONA, in collaboration with IK4-IKERLAN
and IK4-TEKNIKER, has developed various algorithms
designed to identify operating problems and to anticipate
work on the doors and lift shaft.

The prototype developed is mainly oriented towards
gearless machine roomless residential lifts. The incorporation of the Li-ion battery pack into the lift drive system
opens up the option that would enable it to store more
energy than the solution currently available based on
ultracapacitors. The ultimate aim is to reduce power consumption by storing energy, apart from supplying power
for autonomous evacuation operations in the event of a
power cut.
This development will form the basis of a new product of
ORONA ESS (Energy Storage System); known as Liftion,
it will allow lifts to be powered by a monophase grid, renewable energy sources like photovoltaics to be incorporated, and the power consumed to be cut by over 50%.
The battery packs comprise Li-ion cells connected in
series, BMS (Battery Management System) electronics
and a thermal cooling system. The BMS developed
incorporates monitoring, cell balancing and protection
functions.

Cable sensorization device

Li-ion battery module
with BMS electronics
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The collaboration between IK4-IKERLAN and the Grupo CAF grew in the course of
2012 within the company’s ambitious Technological Plan, the main aim of which is to
improve rail transport by making it safer, more efficient and more comfortable. One of
the highlights within this Technological Plan is the SIL2 / SIL4 embedded platform and
the trainborne SIL4 signalling system.

DEPENDABLE SIL2 / SIL4 EMBEDDED PLATFORM FOR TRACTION CONTROL AND SAFE
SIL4 RAILWAY SIGNALLING APPLICATIONS
The platform known as VEGA (Vehicle Electronics for
Generic Applications) was turned into reality over last year
when much of the SIL2/SIL4 certification process with
TÜV Rheinland was successfully accomplished. Devised
to address the requirements of dependability, modularity
and universality, it is being used in railway applications like
the tilting system, traction and railway signalling.

The ROSAE system, using the safe VEGA platform as the
basis, uses three redundant computing channels to be
able to attain a SIL4 integrity level required in railway signalling applications.
The system will undergo various testing and validation phases in the course of 2013 as a prior step to certification
from the point of view of safety as well as interoperability.

The SIL4 trainborne railway signalling system known as
ROSAE (Railway Operation and Safety – Trainborne ETCS)
is at the consolidation stage now that the design and
implementation phases have been successfully completed. This system meets the ERTMS/ETCS standard specified in the EU to be able to fit a single control system that
allows safety, dependability and rail traffic capacity to be
increased and maintenance costs to be reduced.

Testing phase of the ETCS embedded system
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INDUSTRIAL WIRELESS – WIRELESS MONITORING
IN INDUSTRIAL ENVIRONMENTS

APPROVAL PLATFORM
FOR POWER COMPONENTS

Construcciones y Auxiliar de Ferrocarriles (CAF), in collaboration with IK4-IKERLAN, has embarked on an ambitious venture to explore, validate and develop wireless
connectivity technologies that can be applied in its sector
enabling it to deploy new applications and improve its
product features.

In the framework of the EUROCIVIS project, CAF Power
and Automation has developed, in collaboration with IK4IKERLAN, an approval platform for power components
corresponding to the traction converters it is developing.
Based on a CompactRio control, it performs fatigue
cycling at different temperatures of the main power components of the converters, like the contactors, drivers,
sensors and IGBT modules.

The scenarios of application posed entail very demanding
conditions of work and even variables in time when it
comes to using electronic devices: temperature, mechanical restrictions, accessibility, dirt, lifetime, vibrations,
etc. In any case, wireless communications need to be
highlighted in particular. The scenarios posed are extremely aggressive for the purposes of electromagnetic propagation. The presence of metal obstacles, time variability in the environment, and occasional internal and external interference are just some of the destructive effects
that reduce the effectiveness of wireless communications
and, consequently, of the corresponding applications that
require this connectivity.

To analyse the IGBT power modules, accelerated ageing
by means of high thermomechanical stress is sought.
The platform developed enables this accelerated ageing
of the semiconductor devices in load conditions of up to
3600 Vdc to be made by allowing sinusoidal currents of
up to 1000 arms of amplitude and frequencies of between 1 and 50 Hz.

Approval
platform

The work done in 2012 consisted of taking a detailed look
at the viability of physical parameters sensor applications
to monitor physical parameters (temperature, acceleration, vibration, distortion, etc.) in different scenarios of
CAF railway carriages. The first phase of the project was
successfully completed and after analysing the problems
raised, various strategies were selected to continue
with the activity and to deploy high availability wireless
connectivity infrastructures in the scenarios posed.

Example of time, space and frequency variability
of electromagnetic propagation in some of the
scenarios analysed

Complete interface for IGBT approval
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ALSTOM is a world leader in wind energy generation. In 2012 it built the first 6 MW
offshore prototype on land, and during 2013 it will be doing likewise at sea. It is also
planning to install about twenty machines as it heads towards creating an offshore
wind farm by 2020. Details of some examples of the collaboration between ALSTOM
and IK4-IKERLAN are provided below.

WIND TURBINE SUPERVISION AND CONTROL

ALSTOM is developing one of the world’s largest offshore wind turbines with the key R&D collaboration of IK4IKERLAN. In 2012, IK4-IKERLAN participated in the validation and setting up of various subsystems and functionalities of the new machine in its first prototype.
The new control algorithms have been developed by
means of modelling languages and validated in advance
in the laboratory, thanks to real-time HIL (Hardware in the
loop) simulation tools. This significantly reduces the
hazards and cuts the time for the final commissioning in
the field. This methodology has been successfully applied
in the validation of the main regulation of the wind turbine, including the individual control loop of the pitch and
the control of the automatic rotor locking device.
To be able to tackle the considerable increase in the logic
control of the Alstom Haliade wind turbine, a new hardware platform over which the supervision and control
system will be executed has been developed. This new
platform, known as ‘Galileo V3Plus’, increases the computing capacity of its predecessor fourfold.

Galileo technical Core Team
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In the area of communications, work was done on the
production of a set of tools that enable efficient operation to be made with the EtherCAT field bus, which was
adopted in 2011. A proprietary tool was developed to
log and store variables of interest from the analysis of
captured frames, and the virtual wind turbine prototype
was renewed in order to make it compatible with the
new communications protocol.

First prototype of the new Alstom Haliade 6 MW
offshore wind turbine

PRODUCT DEVELOPMENT UNIT

STRUCTURAL VALIDATION OF WIND TURBINE
GENERATORS

STRUCTURAL DESIGN AND MONITORING
FOR THE STRUCTURAL RELIABILITY OF NEW OFFSHORE
WIND TURBINES

ALSTOM’s Wind division has incorporated a direct drive
generator into its new 6MW turbine for the offshore market. The advantages of this type of wind turbine over the
usual power trains with multiplier are lower maintenance
costs and higher availability, essential aspects in an environment with high maintenance costs and difficult to
access.

ALSTOM’s Wind division, together with IK4-IKERLAN,
has developed an application to design the substructures of offshore wind turbines; it analyses the dynamic
behaviour of the wind turbine and its structural integrity
when supporting a range of loads.

In 2012 IK4-IKERLAN collaborated with this company on
the structural validation of this component in order to
reduce generator mass, while at all times meeting the
strict requirements of structural integrity in accordance
with international certification standards for wind turbine
components.
So mathematical models of various components of the
generator were developed as were specific calculation
methodologies to analyse the diversity of failure modes.

Structural calculation methodologies have been developed and consolidated and verification and validation
methods of the models have been introduced by means
of experimental correlation and the generation of parametric models.
To monitor structural health, algorithms to detect and
locate damage like cracks in welded parts and in the
main bars of the jacket-type substructures have been
applied.

Assembly load case analysed during the structural
validation of the wind turbine
Analysis of the wind turbine’s vibration modes
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AMPO VALVES is a leading company in the manufacture of valves that work under
extreme conditions. It stands out in particular in the design and development of large
valves capable of operating at high pressure and at high temperatures, cryogenic valves, offshore valves and valves for hostile applications. IK4-IKERLAN is collaborating
with AMPO VALVES to address the technological challenges posed by the development of these devices, as shown by the following cases:

METAL TO METAL SEALING FOR VALVES

SOFTWARE DESIGNED TO OPTIMIZE NUTS AND BOLTS

AMPO, in collaboration with IK4-IKERLAN, is developing
a new internal sealing solution of metal to metal seats for
its range of ball valves; it goes from cryogenic applications
(-200 ºC) right up to high temperature ones (+500 ºC).

AMPO, in collaboration with IK4-IKERLAN, is immersed
in a process to improve and optimize its products. Two
aims are being pursued: savings in mass and cost, and
improvement in valve behaviour under pressure.

In the internal metal to metal sealing systems the traditional polymer elements that seal the valve internally are
done away with. This makes it possible to expand the
operating temperature range of the valves.

An essential part of valves is their bolted joints. The optimization of their design signifies firstly savings in the
number, diameter and/or material of the bolts. Secondly,
the exterior diameter of the flange is also taken into consideration because reducing it can also signify a reduction in valve mass. The optimization of the nuts and bolts
must be carried out while ensuring that the valve is sealed externally.

IK4-IKERLAN has developed mathematical models enabling the virtual analysis of the structural integrity and level
of sealing of these solutions to be made. Today, this tool
is being used by AMPO to optimize its metal to metal
solution to meet the operating conditions required by
each client.

Virtual analysis of the internal, metal to metal
sealing system
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IK4-IKERLAN has developed some software to optimize
the nuts and bolts that meets the aim of making savings
in the materials and ensuring sealing integrity. This software will be incorporated into AMPO’s valve design configurator.

Software interface to optimize nuts and bolts
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LARGE-SCALE ELECTRICAL ENERGY STORAGE SYSTEM
CEGASA has developed, in collaboration with IK4-IKERLAN, a lithium-ion storage system capable of supplying
30 kWh and 150 kW.
In the quest for maximum modularity, a string comprising
a variable number of lithium-ion modules has been developed; this allows the voltage and capacity required in
each application to be adjusted. The system also has a
control module and protections managed by the string,
and acts as an interface between the user and the grid
connection converter. To achieve higher energies and
outputs, the strings can be connected with each other,
thus forming storage systems of up to 1 MWh.
In order to incorporate this system into different applications, ORMAZABAL, in collaboration with IK4-IKERLAN,
has developed a power electronics converter of 150 kW.
This converter adapts the voltage from the outlet of the
lithium-ion storage system and allows the required voltage/energy for different applications to be exchanged in a
controlled way. The modular design makes adaptation to
the voltage requirements of the batteries possible.

The whole solution has been fine-tuned and validated at
IK4-IKERLAN’s power electronics laboratory. Two different applications have been evaluated: (1) a medium for
power distribution by means of functions of the Peak
Shaving type (absorption of power peaks in the grid) or
the levelling of energy consumption curves; and (2) a
medium for generation facilities by means of isolated
start functions of the BlackStart type. Tests have revealed the excellent performance of the system in terms of
efficiency and robustness.
This development falls within the framework of the
Etorgai ALIA2 project in which ORONA, IKOR and
IBERDROLA INGENIERÍA have also participated.

Lithium-ion storage module
and grid connection converter
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NEW COMPONENTS FOR MORE EFFICIENT
WASHING MACHINES

LARGE-SIZED BEARINGS FOR THE
RENEWABLE ENERGY SECTOR

COPRECI, in collaboration with IK4-IKERLAN, is developing new sensor-equipped components for more efficient washing machines. Specifically, work is being
done to develop components that will allow the consumption of detergent and water to be optimized.

LAULAGUN BEARINGS, in collaboration with IK4-IKERLAN, is working to implement advanced calculation procedures geared towards validating its bearings in the eyes
of its clients and certification bodies. The slewing bearings that LAULAGUN BEARINGS designs and manufactures are essential components in construction machinery
and wind turbines. Their useful life should be at least 20
years, so they are designed to withstand extreme loads
and fatigue without degrading. This requirement means
that calculation procedures and validation criteria need to
address the actual behaviour of the bearings.

Two sensor-equipped components are being developed:
• Detergent dosing device: it has a conductivity sensor
that determines the mains water hardness, thus allowing detergent consumption to be adjusted and optimized.
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• Recirculation system: it has a turbidity sensor that
determines the degree of transparency of the wash
water, and allows water consumption to be optimized
during the rinsing cycles and/or the washes to be
adapted to the degree of dirt present.

In this line, in the course of 2012, the mathematical calculation models were completed with the incorporation of
more advanced solutions; these solutions have improved
in terms of reliability through the correlation of the theoretical results with the experimental results obtained in trials
on the test benches that the LAULAGUN TEST CENTER
has at its disposal.

Conductivity sensor to check
water hardness

Double row pitch ball bearings sensorized
on a test bench
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POC MicroSolutions, a spinoff promoted by IK4-IKERLAN in 2011, is developing
in collaboration with the Centre a Point of Care Testing system for in vitro
diagnostics based on disposable plastics capable of being customized for
various fields of application.

DEVELOPMENT OF A POCT-IVD PLATFORM FOR MOLECULAR DIAGNOSTICS
POC MicroSolutions is immersed in an intensive process
to develop R&D&i to tackle its product development strategy geared towards the applications of Point of Care
Testing systems based on disposables for various niche
demands. This development process of POC
MicroSolutions has found in IK4-IKERLAN a strategic
partner thanks to the Centre’s broad trajectory in the
technologies underpinning the product strategy outlined
by POC MicroSolutions.
In 2012, POC MicroSolutions, in collaboration with IK4IKERLAN, developed a prototype of the Point of Care
Testing platform for in vitro molecular diagnostics based
on “lab-on-a-chip” type disposables, which lends itself to
being customized for a whole range of application types.

sample preparation steps, with the capability of processing up to eight different samples; and an optical reader
that reads the results of the test, processes them and
presents them to the user. The platform is geared
towards a broad range of applications in different sectors like healthcare, veterinary, food safety, water analysis, etc.
The POCT-IVD platform prototype has enabled the following to be proven: the viability of the concept, the sensitivity of the system in comparison with the results
obtained in approved diagnostics processes routinely
used in laboratory analyses, and the improvements
achieved in terms of diagnosis time, ease of use and
reduction in costs.

The POCT-IVD has two main components: a disposable
that incorporates the molecular diagnostics assay and

POCT-IVD Platform
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DESIGN and PRODUCTION PROCESSES
Unit
NEW IDEAS TO HELP IMPROVE

The Design and Production Processes Unit has reinforced its commitment to drive forward the competitiveness of companies; this is carried out through
close collaboration and by developing innovative
products, services and processes that offer high
added value and with a clear competitive differential
(through technology, and by reducing response
times to achieve a sufficient portfolio of orders and
obtain greater profitability). This allows companies
to face the future with a considerable increase in
their productivity.

positions based on services (new services for the “Selfmanagement of stress” and the “Planning of physical
exercise” of FAGOR Electrodomésticos); the design
and development of maintenance systems (monitoring,
supervision and analysis of data for ABC compressors);
the organisational change to synchronise the orderpayment cycle (stamping systems for FAGOR ARRASATE and hydraulic presses for ONAPRES “Assembly”);
the optimization of the supply chain (in the area of
COPRECI components) and the development of computing systems to support business processes (in the
area of integral assessment models of MATIA).

Commitments to expertise

Projects

Highly customizable tools and methodologies continue
to be developed and applied; they enable new offers of
services to the market to be specified and developed
in a customizable way, distinctive business strategies
to be designed, and the value chain to be constantly
optimized.

The Unit’s participation culminated in the following projects: “REMPLANET - Resilient Multi-Plant Networks” of
the 7FP; “OPENBASQUE – Towards a model of open
Innovation based on Co-creation” of ETORTEK and
“HOUSGAI – Scalable, personalised adaptation of
homes and houses to promote active ageing in a new
model of care services” of ETORGAI. In addition, participation in the following projects commenced: ‘MULTIPARTES’ and ‘ReAAL’, of the 7FP; ‘ELDERDASK – Creating
value for the development of an industry and services to
address the challenge of ageing’, of ETORTEK;
‘ACT3GEN – Integral service to assist in active and independent ageing in the home’, of INNPACTO; ‘D-Live –
Design of solutions for autonomous and active ageing in
the home, of ETORBIZI, and ‘UCHTZI – New care services
in the home’, of ETORGAI.

Transfer
The activity to collaborate with companies has been
maintained as follows: the specification of new business concepts (in the lift for ORONA); the specification
of technological innovation strategies (in the field of
position feedback systems in FAGOR AUTOMATION);
the modelling, development and management of variability for embedded product families (in traction control
systems of CAF and the remote control systems of
IKUSI); the design and development of new value pro-
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Juan Carlos Beitialarrangoitia
Design and Production Processes Unit
Director

DEVELOPMENT OF NEW BUSINESS
CONCEPTS IN THE LIFT AMBIT

INNOVATION STRATEGY IN POSITION
FEEDBACK SYSTEMS

ORONA P&M, in collaboration with
IK4-IKERLAN, has specified, evaluated and implemented a range of business ventures in the lift ambit. Aligned
with ORONA’s strategy and fed by
various processes to reflect on and
identify business opportunities, they
allow the company to broaden its offer
and strengthen its relations with its
clients.

Fagor Automation, in collaboration
with IK4-IKERLAN, has specified a
long-term R&D plan and its initial
deployment in technology and product development projects. The
challenge facing the project has
been to align the technological
capabilities with market opportunities, and thus design some effective
strategies and technology development planning.

This collaboration has been underpinned, among other things, by the application of the MECENUN method
developed between 2010 and 2011
by IK4-IKERLAN and geared towards
specifying new business models.
The working team, apart from IK4IKERLAN members, comprises a
comprehensive group of versatile
people from ORONA EIC as well as
from other internal functions of the
company, which will be supporting
part of the new business ventures.
Apart from the collaboration with IK4IKERLAN, the work of a number of
external experts has also been involved; the group’s vision of key technologies and the value chain of the business ventures that have emerged has
made it possible to go further into the
characteristics of each one of them.

ORONA promotes the business areas
geared towards the Service

Through a process of reflection
based on roadmapping techniques,
16 people with a range of profiles
(business, market, product and
technology) have come up with a
shared vision of the market and
business drivers, the features of
future products and services, and
the potential R&D solutions.
The final result is an R&D plan
focussing on five frameworks for
action in products and another five
in services. Each framework has
been specified in R&D demonstrators and the portfolio of projects to
be developed.

Key components in the Technology Plan
based on roadmapping techniques
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SOLUTIONS BY MEANS OF PERSONALISED SERVICES

ETXEAN ONDO: IT SYSTEM FOR A NEW EVALUATION
PROTOCOL AND CARE MODEL

FAGOR GROUP, in collaboration with IK4-IKERLAN and
other strategic partners, is offering services geared
towards meeting the needs and wishes of people in their
own homes by developing personalised solutions in the
areas of health, sports, safety and security, comfort and
energy management.

The MATIA Institute of Gerontology, in collaboration with
IK4-IKERLAN, has developed and specified a computing
system for its model of integral evaluation in the pilot project Etxean Ondo, which is being promoted and funded
by the Department of Employment and Social Policies of
the Government of the Basque Autonomous Community
(region). This tool allows the data collected to be input
and displayed, which facilitates co-ordination among the
professionals participating in the project.

The following advances featured in 2012:
• Pilot testing for the services involving “Acquiring healthy
habits” and “Self-managing chronic disease” for over
200 final users.
• Development of new services for “Self-managing
stress” and “Planning physical exercise”.
• Development of security and safety applications for
“Managing technical alerts” and “Dealing with intruders”.
Four new projects that seek to adapt and personalise
these services for elderly people have also been launched:
D-Live (ETORBIZI programme), ACT3GEN (INNPACTO
programme), U(TZ/CH)i (ETORGAI programme) and
ReAAL (7FP).

The system gathers details about the physical, cognitive,
health, relational and emotional states of the elderly person as well as his/her perception of the services rendered. It also gathers data on his/her life trajectory, aspects
about the carer and accessibility in his/her home.
The tool provides a summary of the information, which
helps the manager when specifying a personalised “Care
and Life Plan”. It also transforms and adds the necessary
data for the subsequent global statistical analysis of the
population being studied.

System evaluation
protocol

Smartphone security application

30

DESIGN AND PRODUCTION PROCESSES UNIT

ORGANIZATIONAL CHANGE TO SYNCHRONISE
THE ORDER-PAYMENT CYCLE

ANALYSIS OF THE SYSTEM TO SUPPLY
THE COPRECI MEXICO PLANT WITH COMPONENTS

The stamping system business of FAGOR ARRASATE is
working with IK4-IKERLAN on an organisational change
to synchronise the whole order-payment cycle. This
change, which also affects subcontractors and suppliers,
guarantees delivery times, improves the assembly and
fine-tuning processes and also cuts the final costs of the
press.

In collaboration with IK4-IKERLAN, COPRECI has analysed the configuration of the supplier network for supplying
materials and components to the plant in Mexico which
provides its clients in Mexico and the United States with
the finished products. Together with the plant planners,
all the articles (over 500) belonging to the nine existing
product lines were reviewed. In addition, the company’s
suppliers were analysed and aspects like localization,
purchase volumes or supply procedures and the dispatch
of materials were addressed.

2011 saw the successful tackling of one of the parts of
the order cycle: the synchronisation of the assembly and
fine-tuning processes of the presses that are assembled
on its premises.
In 2012 the synchronisation of the remaining order cycle
phases was tackled with the same aim of guaranteeing
delivery dates and cutting costs: gathering of details
from the customer, design, supplies and starting-up at
the destination (on the customer’s premises).
In parallel, and with the aim of improving the operational
efficiency of certain sub-processes in the order cycle,
projects linked to the standardization of the PLC software, the re-engineering of the dismantling process, painting, packaging and dispatch are being run.

Volkswagen press for producing
tyre rims

Various simulations were carried out for each article
using the SincroASIGN tool. It compared the historical
consumption levels with the stock profile resulting from
the actual movements taking place in the warehouse.
That was followed by the establishing of supply parameters by identifying the management procedure to supply
each article: order point, cyclical replenishment or calculation of TPOP needs (Time Phased Order Point).
The project led to the setting up of agreements with
local and external suppliers; they include the new conditions for supplying the articles analysed: delivery
times, minimum purchase batches or packaging formats, and the aim to reduce the average calculated
stock by 50% emerged as a potential improvement in
the analysis. Finally, work was done to reduce the number of dispatches in order to cut costs in management,
transport, taxes and tariffs.

Process to analyse the system to supply the
COPRECI Mexico plant with components
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MODERNIZATION OF EMBEDDED REMOTE CONTROL
SOFTWARE FOR CRANES

SYNCHRONISED STAMPING ASSEMBLY

IKUSI has carried out a project in collaboration with IK4IKERLAN to analyse the current situation of software
development in the company’s remote control business.
The company’s intention is to modernize it by incorporating new advanced development paradigms for embedded systems. A diagnosis and a proposal for joint work
have been made.

Onapres has developed, in collaboration with IK4IKERLAN, a dependable production system for the
synchronised assembly of hydraulic stamping presses.

The project seeks to accelerate and systematize the
development of remote control systems and encourage
collaborative team work. The foundations have also been
established for introducing testing mechanisms.
A key aspect of the work is the medium for achieving
safety standards (SIL equivalents), an area which has
seen the start of strategic collaboration.

Synchronised assembly is a management model that can
be applied to the capital goods industry, an industry characterised by the development of projects that are highly
complex technically, involve high cost, are highly customised and where it is difficult to standardize the design and
production process.
The new system, based on homogenization and ease of
management of the installing, assembly, fine-tuning and
disassembly processes, has the following aims:
• To cut and guarantee delivery time.
• To improve fine-tuning, thereby ensuring quality.
• To cut costs.
• To increase productivity.
This production system has begun to be applied to the
order for various presses that Onapres is manufacturing
for Audi.

Modernization roadmap

Hydraulic presses for Audi
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DESIGN AND PRODUCTION PROCESSES UNIT

VisualRail PROJECT 2012

ABC: MONITORING SYSTEM FOR MAINTENANCE

CAF Power & Automation is developing, in collaboration
with IK4-IKERLAN, the VisualRail project, which is
applying advanced software engineering paradigms to
the traction control unit (TCU). The existing software in
the product family is being analysed and a new way of
developing it based on abstract models and software
product lines is being proposed; a visual modelling tool
is also being developed.

ABC Compressors is developing, in collaboration with
IK4-IKERLAN, a remote system to monitor, supervise
and analyse data for maintenance purposes that will
enable it to consolidate its position as a supplier of global services. This system makes possible and facilitates
ongoing maintenance worldwide.

The main purpose of the project is to accelerate and
systematize the development of traction systems. Firstly,
this breaks the qualification barrier for incorporating new
engineers. Right now, software development forms a
bottleneck in the company, and new engineers need a
considerable amount of time to achieve productivity.
The effort needed to develop a new system is significantly reduced with the new tool because it provides a
global view of the system; it allows the design to be
understood without having to enter the code, and limits
the client’s domain; this way, whenever a new system is
requested, what can and cannot be offered is clearly
spelled out.

Apart from the capture, transport and storage of data on
its central database for remote monitoring purposes, the
company’s technical knowledge needs to be implemented in software in order to detect the most frequent anomalies in selected models of compressors. ABC has formalised its knowledge for automating the early, online
detection of anomalies, and has specified a set of operational indicators that allow the performance of its compressors to be assessed.

Traction box and visual representation
of its software

PLC signals for
detecting anomalies

Reality

Abstraction
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ENERGY Unit
ENERGY, SUSTAINABILITY
& INNOVATION

2012 has confirmed the upward trend in the activity of
IK4-IKERLAN’s Energy Unit. This has been made possible by collaboration with some of the country’s main
industrial groups and with SMEs that base their competitiveness on a commitment to innovation, as well
as top multinational companies committed to developing their most innovative projects at our Centre.
This trend confirms the fact that the combination of
knowledge, in which the Unit has broad experience
(Combustion and Energy Efficiency), with the fresh
commitments in the Specialisation Plan (Electrical
Storage and Thermal Management) is enabling the
Unit to avail itself of a technology offer that is distinctive in scenarios that are increasingly dynamic and
competitive.

People
Throughout 2012, consistent with the growth in the Unit’s
activity, the team has been improved and reinforced with
the incorporation of researchers, some of whom are working on their PhD theses, and a new working partner: Jon
Gastelurrutia, in the Combustion and Thermal Process
Area of Knowledge.

IK4-IKERLAN's Own Research
The Unit’s significant commitment to the line of research
into Electrical Storage and Thermal Management has
been maintained. Collaboration with top R+D centres has
been consolidated with periods of time spent by two researchers working on their PhD theses at ISEA, the
University of Aachen’s research centre.
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In the dissemination of results feature the various papers
and articles published in international journals with a high
impact in the sectors in which we have expertise; this
endorses the good level of research of our line.

Contract R&D
The Unit’s activity rate in contract R&D has doubled
with respect to previous strategic plans and the start of
the present one. Stable, sustainable collaboration is
being woven with our industrial base in the field of
Electrical Storage and Thermal Management, with driving
force companies like the Grupo CAF, Fagor Group and
ORONA. At the same time, new, high-impact projects in
the field of biomass combustion and energy efficiency
have begun to develop alongside leading companies.
The knowledge of people and dynamics, improvements
in infrastructure and laboratories as well as the capacity
to adapt to the needs of companies have enabled the
technological challenges and commitments in R&D
Under Contract to be tackled.
Finally, the close of 2012 saw the reinforcing of the Unit’s
portfolio of projects in terms of quality and quantity, thus
tripling the number of client companies with respect to
the start of the Strategic Plan and with growing participation in highly competitive programmes like INNPACTO
(3) and ETORGAI (1).

ENERGY UNIT

07

Francisco Javier Blanco
Energy Unit
Director

LIFTION: CELL DEGRADATION
TESTS

LIFTION: THERMAL MANAGEMENT
OF ELECTRICAL STORAGE
SYSTEMS

This project is about guaranteeing
the functionality, dependability and
safety of the lithium-ion battery
system. That is why it is necessary to
know the electrical and thermal
behaviour of the cells throughout the
product’s lifetime.

Lithium-ion cells are highly temperature-sensitive in their electrical behaviour and with respect to their degradation. The correct thermal management of this system increases the life
and efficiency of the equipment.

A whole range of factors affect
battery lifetime and dependability.
The study in detail of the dependability and operation strategies for
the project’s storage technologies
has been achieved. This has been
done by developing and validating
the degradation models that are
added to the control strategies to
guarantee the dependability and
safety of the system.
Degradation tests on lithium-ion cells

The system uses the air from the lift
shaft for its thermal management by
natural convection, while the fans
are only activated when necessary.
CFD software was used to model
the hydraulic and thermal behaviour
of the individual modules and of the
whole system.
Use was also made of tools for
modelling the systems to study a
suitable thermal control strategy
(TBMS) and thus to optimize the
design proposed.

CFD models of thermal behaviour
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LIQUID MULTIBIOFUEL MODULATING BOILER FOR
THE DOMESTIC AND COMMERCIAL SECTORS

INTELLIFLUE PROJECT: KIT FOR CONVERTING
WOOD BURNING STOVES INTO HEATING BOILERS

TIFELL, in collaboration with IK4-IKERLAN, has developed
a condensation boiler for liquid fuels that can burn fuels
other than mineral heating oil, like used vegetable oil. It
can also modulate power up to 50 % with a significant
reduction in start-stop operations. Furthermore, it can be
connected with a solar thermal system. These features
turn it into a boiler that is highly efficient, that pollutes very
little and is renewable.

A European consortium formed by six companies, which
IK4-IKERLAN has collaborated with, has developed an
innovative kit enabling the heat from the fumes of
domestic wood burning stoves to be recovered. The kit
developed includes a fumes-water heat exchanger inserted into the stove’s chimney and connected to the heating circuit of the home, a motor-driven damper to control the draught, and an electronic control unit for the
whole system.

After a simple filtering procedure the user can add the oil
to the heating oil tank whenever he/she wishes. The control of the boiler automatically adjusts the operation of
the burner to adapt it to the characteristics of the fuel.
IK4-IKERLAN came up with the design and development
of the burner, condensing fumes-water heat exchanger,
viscosity meter and the boiler control system.

SISBIO boiler with the oil viscosity meter
and user interface

36

Owing to its great versatility, the system being developed
could be applied to the retrofitting of stoves already in
operation, and to the development of new domestic stoves.
IK4-IKERLAN designed and developed the system to
recover the heat from the fumes, and the stove’s thermal
power control system; it also assisted the companies in
the testing and industrial-scale production of this kit.

Complete INTELLIFLUE kit installed
in a wood-burning stove

ENERGY UNIT

EFFICIENCY AND QUALITY ARE IMPROVED
IN A PET CONTAINER PRODUCING MACHINE

IMPROVEMENT IN THE ENERGY EFFICIENCY
OF WASHER-DRYER MACHINES

UROLA, in collaboration with IK4-IKERLAN, is taking
steps to improve the energy efficiency and quality of the
final product in the line of machines that stretch and blow
PET containers.

Fagor Group, together with IK4-IKERLAN, has developed a project in order to obtain the “A” energy rating for
the company’s domestic washer-dryer machines that
use the cold mains water condensation system. The aim
was to achieve a 7 % cut in electricity consumption
during the drying cycle.

One of the key factors in the price of the containers is the
energy consumption of the machine, which is likewise
mainly linked to the processes to heat the material and
blow it under pressure. The energy efficiency measures
in these and other processes of the machine help to cut
the electricity bill of the container producer, so they are
an important sales consideration.
The project has focussed on the improvement of the
heating and fanning process by mainly studying the
effect of alternative components, variations in the design
and type of control of the heating lamps.

The condenser was modified to retain the water for longer and to offer a greater condensation surface. The
drying strategy was also modified by restricting the time
devoted to the condensation process; this was achieved
by incorporating a preliminary phase devoted exclusively
to the preheating and homogenization of the temperature of the garments.
The new hardware and process have enabled the
domestic appliance to obtain energy rating A by reducing
electricity consumption by 10 % and achieving savings
in excess of 30 % in water consumption.

Diagram of the air temperature
in the drying circuit

6-line furnace and 2 stages
for the heating of preforms
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Looking towards the future:
TOWARDS A SMART SPECIALISATION STRATEGY
FOR R&D&I IN THE BASQUE AUTONOMOUS COMMUNITY?

The short-term perspectives are gloomy, and there
are few indicators prompting us to think that we will
soon be emerging from this economic crisis. The
context affects all the players in society and finds
itself in a vicious circle in which unemployment
affects consumption and consumption affects the
sales of companies; these two factors lead to a
reduction in income for the administrations and greater social needs to be addressed, and there do not
appear to be any clear recipes for success.
However, there is almost complete unanimity about
one thing: R&D&i is undoubtedly the driving force that
may be able to get us out of this predicament in the
medium term. But in a context of recession in which all
the players are affected, how can we address the
country’s commitments as we try to manage the shortfalls and achieve results at the same time?
We can get an interesting clue from the approach that
the EU is applying to the use of European Structural
Funds 2014-2020. Regional smart specialisation in
R&D&i is about taking into consideration the assets
and main areas of competitive, technological and business advantage that a region has at its disposal. In a
context of completely globalised markets, it involves
making an investment in innovation only in these existing and/or emerging regional business sectors where
it is possible to truly compete and support regional
growth in the medium to long term.
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The business strengths of the Basque
Autonomous Community
The first key in this strategy when applied to the
Basque Country would lead us to identify the business assets offering a significant projection when it
comes to generating competitive value through technology, and where it would therefore make sense to
specialise.
We have a considerable presence in technologyintensive sectors with a solid future projection, like
energy, transport (automotive, railway, aeronautical,
offshore and elevation), electronics and computing.
Many display noteworthy export rates and involve
companies that have the capacity to compete and at
the same time drive their suppliers forward.
These sectors account for a considerable portion of
the Basque Autonomous Community’s GDP, and a
strategy to generate value geared towards addressing
their future needs in a globalised context seems to
be the right one for responding to this concept of
regional smart specialisation.
Supporting the concentration of a significant part of
the R&D in the companies in these sectors so that
they are competitive today and in the future is a good
start for promoting jobs and the economy.

LOOKING TO THE FUTURE

Making the most of scientific
and technological capabilities
Over the last 30 years, the Basque Country has built
up a powerful, broad network of science and technology that constitutes a capital of undeniable value. This
network has players with expertise in a whole range of
fields, of which many are having an impact today on
the leading companies in the above-mentioned sectors. Others are exerting a growing impact on an as yet
small group of companies. Still other fields have the
potential to exert an impact but are waiting to be transferred to the business fabric.

Investments in specialisation
However, the world is moving very fast and not only
must we think about where our business strengths lie
today, but also how we manage the new opportunities that technological evolution offers. So we need to
invest, within the country’s possibilities of course,
even though such investments involve a risk and the
returns would only come in the medium to long term.
Many fronts are opening up and many breakthroughs
are being announced. However history tells us that
many of them come to nothing, or other countries
take advantage of them because they are better
prepared. Biotechnology, micronanotechnology,
energy storage, hydrogen, new materials, etc. are
technologies which are worked intensively worldwide.
They offer great possibilities for generating qualitative
leaps in products and processes. But to be competitive, it is necessary to mobilise talent and sufficient
critical mass. A small country like the Basque Country
has to choose where it is going to concentrate its
efforts. We now have businesses emerging and
generating value in biotechnology, thanks to the
efforts made in the past, and we must put our faith in
its potential. Other technologies like energy storage
have begun to take off. And we have companies in
the transport and energy sectors that have already
started to develop new value propositions.

The investments made over the last few decades and
the expertise obtained thanks to these moves, must
also be a significant cornerstone in the Basque
Autonomous Community's specialisation strategy. It
must drive forward leading business sectors and
underpin the value creation in these as well as in the
emerging sectors.
However, what we have to do in these times of scarcity is to make maximum use of the synergies among
the different actors in science and technology, the
companies and the administrations so that we can
compete globally from our local ecosystem.

Trained people
And last, but not least, one more asset at our disposal are the present and future generations of workers
who have received first-rate training and are joining
the Basque labour market. We must foster the vocations of our young people towards technological profiles; people who are open to the world and who will
respond to the needs of companies today and in the
future.
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LATEST DEVELOPMENTS 2012

STRUCTURAL RELIABILITY
& MECHATRONICS
Laboratory
December 2012
In 2012 IK4-IKERLAN set about updating
some of the laboratories it has on its premises.
One of them was the “Structural Reliability &
Mechatronics Laboratory”, which houses IK4IKERLAN’s technical means to contribute
value in the field of mechatronic structure
design, monitoring and control.

New signage
December 2012
In 2012 IK4-IKERLAN renewed its corporate
image at its various premises. So, in co-ordination with IK4, it put its new corporate image on
the outside of its premises in ArrasateOlandixo, Arrasate-Garaia and Miñano.
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GENERAL ORGANIZATION

PERSONNEL, FUNDING AND SUMMARY OF ACTIVITIES

PERSONNEL
Staff

208

Staff in training

58

58

INCOME

20,6 Milion

Contract R&D

euros
13,2

IK4-IKERLAN's Own Research

6,0

Other income

1,4

INCOME BY SECTOR FOR
CONTRACT R&D PROJECTS

13,2 Milion

1,4

euros

Transport

27 %

Non-industrial capital goods

20 %

Energy

20 %

Industrial capital goods

10 %

Health

10 %

Electrical appliances

5%

Services

4%

Electronics - Computing

3%

Others

1%
1%

INVESTMENT
Own funds
Millions of euros

208

0,7 Milion

euros
0,7

3%

4%

6,0

13,2

5% 10% 10% 20% 20% 27%

TECNOLOGICAL DIFFUSION
Articles and papers

82

Supervision of final-year projects

43

PhD students

46

41
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GENERAL ORGANIZATION

KNOWLEDGE AREAS

PRODUCT
DEVELOPMENT

DESIGN
AND PRODUCTION
PROCESSES

Mechanical engineering

Strategic innovation

Mechanical design

Design and production
technologies

Control engineering
and power electronics

ENERGY

Alternative generation
systems
Combustion technologies
and thermal processes

Information
technologies

Electronics
Communications
Sensors
Microsystems
Software technologies

Headquarters (Arrasate-Mondragón)

Micronanotechnology laboratory
(Garaia Innovation Centre, Arrasate-Mondragón)
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Energy laboratory
(Technology Park of Alava)
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GENERAL ORGANIZATION

CORPORATE AND MANAGEMENT BODIES

GOVERNING COUNCIL
President

Iñaki Aranburu

Vice-president

Aron Pujana

Secretary

Roberto Pacios

Members

Vicente Acha
Javier Aranceta
José Mari Azurmendi
José Miguel Arregui
Cecilio Lejarreta
Xabier Eguibar
Bakartxo Egilegor
Xabier Gorritxategi
Javier García
Martin Barañano
Iban Retolaza
Pedro Ruiz de Aguirre

MANAGEMENT COUNCIL
Managing Director

Javier Mendigutxia

Marketing Director

Guillermo Irazoki

Product Development Unit Director

Marcelino Caballero

Design and Production Processes Unit Director

Juan Carlos Beitialarrangoitia

Energy Unit Director

Francisco Javier Blanco

Organization and Resources Director

Juan Manuel Pagalday

Research and Knowledge Director

Ana Isabel Martínez Esnaola

Product Development and Energy Units Project Director

José Luis Larrañaga

Finance Director

Agurtzane Garai

ACCOUNT AUDITORS
Oscar Saiz
Mari Carmen Ayastuy
Iñigo Aranburu
José Javier Sáenz de Buruaga
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GENERAL ORGANIZATION

COMPANY MEMBERS

ASSOCIATES
Abantail, S. Coop.
ABC, S. A.
Alecop, S. Coop.
Ampo, S. Coop.
Ceramat, S. Coop.
Conatec, S. A. L.
Copreci, S. Coop.
Dikar, S. Coop.
Fagor Arrasate, S. Coop.
Fagor Automation, S. Coop.
Fagor Ederlan, S. Coop.
Fagor Electrodomésticos, S. Coop.
Fagor Electrónica, S. Coop.
Fagor Industrial, S. Coop.
Ingeteam Technology, S. L.
Irizar, S. Coop.
Laulagun Bearings, S. A.
Mondragón Sistemas de Información, S. Coop.
Orkli, S. Coop.
Orona, S. Coop.
Osatu, S. Coop.
Transcalor, S. L.
Ulma Packaging, S. Coop.
Ulma Manutención, S. Coop.
Wingroup, S. Coop.
ZIV Aplicaciones y Tecnología, S. A.
Zubiola, S. Coop.

COLLABORATING MEMBERS
Caja Laboral. Euskadiko Kutxa
MONDRAGON, S. Coop.
Mondragon Goi Eskola Politeknikoa
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The final product photos that
appear between pages 17 and
40 have been lent by the companies
listed in these pages

