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Who we are

BSC’s missions

Supercomputing services 
for Spanish and European 

researchers

R&D in Computer, Life, 
Earth and Engineering 

Sciences

Knowledge transfer (education, 
tech transfer and public 

engagement)

BSC is a public consortium made up of:

Barcelona Supercomputing Center – Centro Nacional de 
Supercomputación (BSC) is the leader in supercomputing in 

We are a multidisciplinary research centre of reference. We host high-performance computing 

We are tier-1 members of the European Partnership for Advanced Computing in Europe 
(PRACE) research infrastructure. We manage the Spanish Supercomputing Network (RES), a 

-

Created in 2005 based on the experience of fruitful collaborations between the public authorities 

to around 800, thanks to the continuous commitment of our trustees and our ability to raise com-
petitive funds from companies and institutions.

We have installed four consecutive versions of the MareNostrum supercomputer and we are 
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Where we are, Where we are going

2021 was a year marked by the continuation of the 

normality and phases in which working from home 

professional and personal, on balance the year could 
not have been more positive.

their continued effort has enabled a record-breaking year in 
almost every possible aspect. And thank you to our patrons (who place their trust in us just as they did on 

once again position us as one of the best supercomputing centres in Europe.

to bring two thirds of our team together under one roof and will be the home of our future supercomputing 

which will consolidate our leading role on the European supercomputing map.

European computing technology, and we are one of the most active institutions in the European centres of 
excellence for supercomputing applications. Our continental leadership in various areas of research has 
been consolidated with examples that you can see in this Summary, such as the new advanced computing 
hub for EUROfusion, coordination of the European health data strategy, and our active participation in the 
2021 climate summit.

-
neration, was launched. Over the next few years, our country will receive a very large amount of funds to 

As we said at the beginning, despite the continuous uncertainty as the pandemic progressed, our activity 
has carried on as usual, performing research, serving the Spanish and European HPC community with our 
computing and data infrastructures, and transferring our knowledge to society. Regarding the last aspect, 
the year was particularly productive in terms of outreach, as can be seen at the end of this summary.

Mateo Valero and
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and allowed us once again to present our strategy to a panel of renowned international scientists 

our future and their acknowledgements are an encouragement to go even further. We trust they 
will also be so for the entire BSC team, its patrons and all those institutions and companies that 
have always been by our side.

Raquel Yotti

Secretary General of 
Research

Director General of 
Research

Secretary General of 
Research and Universities

Dani Marco
Director General of 

Economy

Gonzalo Arévalo 
Nieto

Director General of 
Research Planning

Vice-chancellor

Deputy Director General 

Jordi Llorca
Deputy Vice-chancellor 

for Research

MINISTERIO
DE CIENCIA
E INNOVACIÓN

GOBIERNO
DE ESPAÑA
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New BSC corporate headquarters

2 in size 

rooms, two training rooms, an auditorium and various 
meeting points to promote the exchange of knowledge 

-
-
-

nment Department of Research and Universities and the 
Polytechnic University of Catalonia) and with the collabo-
ration of the Repsol Foundation and the European Regio-
nal Development Fund (ERDF).

BSC-REPSOL Building

530 people sharing the 
same space

Girona chapel, which currently houses the MareNostrum 
4 supercomputer.

A new supercomputer room is being built in its basements, 
which will allow the installation of larger and higher-capa-
city supercomputing infrastructures, such as the future 
MareNostrum 5.

iconic and visitable space and will house world-class su-
percomputing and data infrastructures.
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training 
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meeting 
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open-plan 
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With the collaboration of:



 The Quantum Spain project kicks off
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-

superconductor circuit technology and the hardware will be built 
in collaboration with specialized companies in this emerging 

sector.

-

applicable to the problems of companies and public bodies, 
to create a remote access system to experiment with the new 

algorithms, and to implement a training program to enhance 
the skills of potential users and nodes in the Spanish Supercom-

puting Network (RES).

The Quantum Spain 
program involves 25 
universities, research cen-
tres and infrastructures from 
14 autonomous communities, 
that are collaborating to con-
solidate the Spanish quantum 
computing ecosystem.

The project is coordinated by Alba 
Cervera Lierta, who holds a PhD in 
quantum computing.

It includes a training program for potential 
users of quantum technologies and the various no-
des of the Spanish Supercomputing Network (RES).

It is intended to create quantum algorithms appli-
cable to the needs of industry and the public sector.
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phenomena that cannot be observed with the naked 
eye or with the help of optical instruments.

From Galileo’s handcrafted telescopes to the particle 

What is 
supercomputing? 
by simulating the behavior of the object of study in silico. Brin-
ging together all the knowledge about this object in a computer 
simulation and experimenting with it makes it possible to cut 
costs, avoid suffering and perform experiments that could not 
be done in the real world, because they would be too expensive, 
too dangerous or simply impossible.

Supercomputers are also necessary to analyze large amounts 
of data, such as those provided by large-scale modern scien-

-
-

-
culation capacity aids the training of algorithms and drawing of 
conclusions from large amounts of data.

High-performance computing has already become a great ac-
-

nes use it to expand their frontiers of knowledge.

At the service of science
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Research in MareNostrum 4

researchers who gained access to the supercomputer through the European Partnership 
for Advanced Computing in Europe (PRACE) infrastructure network or the Spanish Super-
computing Network (RES).

Daniel Nóbrega Siverio
Coronal Bright Points on the Sun: a study from the 
photosphere to the corona

Sascha Husa
Compact binary coalescence modelling toward LIGO/
Virgo design sensitivity and next generation detectors

Xavier Luri Carrascoso
Gaia: Image parameters determination and 
cross match of observations for the fourth Data 
Reduction Cycle (DRC-04)

Mr. Clément Bricaud
SWOP: the Submesoscale-permitting World Ocean 
Project

Mireia Peral Millán
Geodynamic modeling of subduction zones. Case studies: 
Western and Central Mediterranean and Andes Cordillera

Horacio Pérez-Sánchez
Discovery of SARS-CoV-2 inhibitors through large-scale 

Virtual Screening methods

Jazmin Aguado Sierra
Validation of an in-silico clinical trial in a 

cardiac population for the assessment of pro-
arrhythmic risk of repurposed drugs 

Emilio Artacho
Radiation damage on realistic DNA 

Vicent Moliner
Computer Design of Double Acting Inhibitors 

of SARS-CoV-2 Mpro by QM/MM Simulations: 
Towards the Design of COVID-19 Antiviral Drugs
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Providing a service for researchers all around Europe

Prof. Roberto Verzicco
TORNADO - Rotating double diffusive 
and Rayleigh-Bénard convection

Andres Pacheco Pages
Monte Carlo Simulation for the ATLAS Experiment at 
the CERN LHC at the MareNostrum by IFAE/PIC Tier-1

José Hernández
MC Simulation for the CMS Experiment at the CERN LHC

Dr. Jorge Vieira
Acceleration control and superradiance 
in laser-plasma accelerators

Research in MareNostrum 4

Photophysical and photochemical validation 
of alien genetic building blocks and 

N-nucleobases ancestors

Nuria Lopez
Dynamic behavior of Earth-abundant 

heterogeneous (electro)-catalysts

Maria Veronica Ganduglia-Pirovano
Study of Methane Steam Reforming on 
Ceria-based Bimetallic Ni/Cu Catalysts

-
-

ting Network (RES) and the European PRACE network 

through open application processes in which resear-
chers present their proposals, which are then assessed 

capacity is assigned to BSC.
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Rosa M. Badia receives the HPDC Achievement Award 2021

Achievement Award 2021 for her innovations in task-based parallel programming models, applica-

community. Badia has also been appointed as a distinguished member of the Association for Com-

a director of ACM-Europe.

Toni Gabaldón, new member of EMBO

as a member of EMBO (European Molecular Biology Organization). EMBO is a community of more 
than 1,800 renowned researchers, promoting excellence in life sciences in Europe and beyond.

Salvador Capella becomes vice-president of the Spanish Society of Bioinformatics
-

ted as the vice-president of the Spanish Society of Bioinformatics and Computational Biology (SE-

Research Acknowledgements

Mateo Valero receives the Honorary Award from the Galician Association of Computer 
Engineering 

Markus Donat appointed as an ICREA Professor and AXA Climate Science Prizewinner
-

sor and received the AXA Climate Science Award, which aims to recognize and reward researchers 

Asun Lera St. Clair, member of the Expert Group of the Citizens’ Climate Assembly
Asun Lera St. Clair, a senior advisor in the Department of Earth Sciences, has been appointed as a 

Josep Lluís Gelpí, new Prof. of Biochemistry and Molecular Biology at UB
Josep Lluís Gelpí has been appointed as a new Professor of Biochemistry and Molecular Biology 
at the University of Barcelona (UB). Gelpí is the director of the Computational Bioinformatics Node 

Luis Gascó receives the Extraordinary Doctoral Thesis Award from UPM
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While open-source software is not new, open-source hardware is and is gaining tremendous 
momentum based on the foundation that BSC and our partners are building.

-

hardware.

At the same time, the current technology trends are shifting how we develop applications and where we run these appli-
-

-

partially open ecosystem.  For this fusion, the platform must be open.

Many components in the software stack are already part of the 
open-source ecosystem and amendable to research and develop-
ment targeting co-design and the resulting specialization. However, 
up until now, hardware has been a closed ecosystem that inhibits true 

The Laboratory for Open 
Computer Architecture 

-
tive to facilitate the development of an open HPC ecosystem based 
on open-source software and new open-source hardware. LOCA is 
a mechanism to drive global academic and industrial collaboration, 
training and education that will enable this revolution. 

-

HPC system deployment. We have all the ingredients to create this 
future with much of the work already underway, gaining momen-
tum and garnering global recognition.

(HPC) vision, creating an open HPC ecosystem based on 
open-source software and hardware. 

On the way to an Open HPC ecosystem
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BSC open-source hardware path
-

munity, creating an open HPC ecosystem. 

add extensions to both CPU and accelerators, while maintaining a base-level compatibility 
with existing software. 

learning  challenges. 

We have started down this open-source hardware path with the development of several CPU cores and accelerators. 
We are taking a pragmatic approach, developing simple cores and improving the CPU capabilities over time, both in 
terms of capabilities and smaller silicon technology nodes.

-

2020 2022 20252021 20242023

Lagarto

DVINO

Sagartana

Cinco
Ranch

EPI
SGA2

EUPILOT

EPI
SGA2

EUPILOT

Ka eP1
eP2

CO
M
PL

EX
IT
Y

CPUs

Accelerators



INFRAESTRUCTURAS

Al servicio de la ciencia

Below is a selection of the most notable publications in 2021.

Featured publications

Morrigan: A Composite Instruction TLB Prefetcher

-
G. Vavouliotis, L. Alvarez, B. Grot, D. Jiménez and M. Casas. 

-

smooth and effective interface between scientists and stakeholders in climate services. 
. Global 

Engagement, involvement and empowerment: three realms of the coproduction 
framework for climate services
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-
tions with memory access patterns, such as sparse matrix computations. Acceleration is 
achieved with a smart notepad closely coupled to the vector functional units in the core. 

Valero and A. Cristal -

VIA: A Smart Scratchpad for Vector Units with Application to Sparse Matrix Com-
putations

Time-resolved emission reductions for atmospheric chemistry modelling in Eu-
rope during the COVID-19 lockdowns

in Europe, considering activity reduction factors that vary by source, country, day and 
meteorological data. M. Guevara, O. Jorba, A. Soret, H. Petetin, D. Bowdalo, K. Serradell, 

Atmos-



One qubit as a universal approximant

-
perconducting technology. A. Pérez-Salinas, D. López-Núñez, A. García-Sáez, P. Forn-Díaz, 

. Physical Review A. June 2021. 

TIGER: The gene expression regulatory variation landscape of human pancreatic islets

which enables an integrating exploration of how genetic variation affects islet function and 
enables therapeutic advances and precision medicine for type 2 diabetes. L. Alonso, A. 

. 
Cell Reports. October, 2021.
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contact tracing mediated by mobile applications can mitigate the epidemic, in different sce-
narios of population density, mobility and user fractions. A. Ferrari, E. Santus, D. Cirillo, M. 

. 
NPJ Digital Medicine. January, 2021.

contact tracing app containment

-

Moin. Flow 2021.

Large eddy simulation of aircraft at affordable cost: a milestone in CFD Konrad

The impact of non-additive genetic associations on age-related complex diseases

that includes multiple reference panels and X-chromosome analysis, increases the iden-
-

plex diseases. 

. Nature Communications. April, 2021.



Applied Research & Innovation
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BSC is actively participating in studies for the climate 
summit and the debate about the measures to be taken

Climate change may result 
in increased precipitation 
in Europe

Precipitation in Europe during 
the winter season could increa-

years if the current level of green-
house gas emissions is maintained.

-
search was based on new very high-resolution cli-
mate models with a greater degree of realism than 

major implications for assessing climate change 
risks in many socioeconomic activities, including 
water management, settlements, shipping, trade and 
wind energy production.

restrictions in Barcelona are 
insufficient to meet Euro-
pean air quality legislation
A BSC study carried out with 
various simulation models de-
veloped at the centre shows that 
the traffic restriction measures cu-
rrently in place in Barcelona are insufficient to com-

-

According to the study, it is necessary to reduce pri-

of the Low Emissions Zone is insufficient and mea-
sures to restrict the space allocated to vehicles, such 
as superblocks and tactical urban planning, have a 

BSC has played a very active role in the preparations for the world summit on climate change and in publicizing the me-

in our country concerning the state of the climate emergency and the actions needed to mitigate it.

effects of climate change and those to be expected from global warming. 
Researcher Asun Lera St. Clair has been appointed as a member of the Citi-

the Climate and Environmental Emergency in Spain, enshrined in the Climate 



Creation of the largest da-
tabase of pancreatic islets, 
the key to type 2 diabetes

Boston and Université Libre de 
Bruxelles have developed and 

transcriptomic and epigenetic data about pancreatic 
islets, a group of cells suspected of contributing to type 
2 diabetes. 

to be harmonized and new statistical methods had to 
be developed to analyze differences in gene expression 
between individuals.

A new artificial intelligen-
ce method to characterize 
rare diseases
BSC researchers have created 
a new methodology, based on 
multilayer networks, to charac-
terize rare diseases.

they are rare, studying them is complex as only sma-
ll samples are available, which prevents statistically 

-
nology makes it possible to interpret the molecular 
basis of diseases, starting with very few cases, and 
opens up new doors to research.

Enzymes to drive the manufacture of less polluting fabrics, cosmetics and 
cleaning products
BSC is developing new computational tools to promote the development of enzy-

the most suitable proteins for the production of fabrics, cosmetics and cleaning 
products. Recent studies assert that using enzymes to manufacture these pro-
ducts would reduce CO2 emissions by 42 million tons per year.

health data strategy
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-
ries throughout Europe.

at all levels: from public health to personalized medicine.

-
cal, legal and social aspects as well as technological solutions to 
aid the analysis of distributed health data at the European level. 

open to the participation of health bodies, academia, public admi-
nistrations, companies and patient organizations, the general pu-
blic and professionals.



EUROfusion entrusts BSC with the creation of an Advanced 
Computing Hub to accelerate fusion energy

EUROfusion, the consortium formed by 28 countries to make fusion energy a reality, has en-

Hubs that will support experimental scientists working on the development of this 
new source of energy to generate electricity.

Fusion energy, which is clean and risk-free, is based on the processes that 

main focuses to drastically reduce the CO2 emissions associated with 
electricity generation.

More than 150 research centres and companies are working on EU-
ROfusion research, which combines experiments with simulations to 
reproduce the reactions between hydrogen isotopes that take place 

-

which has highlighted the need for the support of advanced compu-
ting centres.

Daily forecasts to help the authorities manage the volcano emer-
gency in La Palma

Supercomputing for the transport, oil, gas and wind energy industries
BSC researchers have collaborated on the development of advanced tools 
to study the use of renewable fuels in future sustainable transport sys-

-
-

on the development of advanced simulation software solutions for the oil 
and gas, wind energy and transport combustion industries.

BSC has collaborated with the managers of the emergency caused by the 
eruption of the La Palma volcano, using the capacity of the MareNostrum 4 

emissions.

authorities in making decisions aimed at limiting the damage caused by 
the eruption.

Applied Research & Innovation
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-
cation developers, companies, research groups and society in general can use it in count-
less ways.

-

place among the languages with the largest open-access massive mo-
dels available, after English and Mandarin.

capabilities, such as classifying documents or creating spellcheckers 

-

even write complete texts (which may appear to have been written by hu-
mans) based on a headline or a small number of words.

-
telligence.

BSC develops a database for machine translation of sign language 
through AI
Amanda Duarte, a PhD student and researcher at BSC, has developed How-
2Sign, an extensive database for machine translation of sign language with 

-
guage (ASL) interpreters and three recorded in a studio with 510 cameras 

for researchers in the fields of both natural language processing and com-
puter vision to make further progress in the area of sign language.

BSC researchers apply supercomputing techniques to reduce bloc-
kchain energy consumption
BSC is collaborating with the Ethereum Foundation to launch a new bloc-

second by up to a thousand times, while reducing current energy consump-

created, which collects information about the most diverse aspects related 
to the creation of blockchains and analyzes information to ensure the avai-
lability, reliability and efficiency of the data stored in the blockchain.



Meet us in person
Barcelona Deep Collage Festival: open day with 

activities to celebrate the new building

Online visits for high schools all around Spain

-
tablished feature, as they are a great alternative for young 
people, especially those from outside Barcelona, to learn 
about the MareNostrum supercomputer and the research 
being conducted at BSC. High schools from all around 
Spain are becoming interested in this activity and, month 
by month, demand is growing.

-
menting with tools developed at BSC and investigating how 
they can be useful in meeting the computing challenges of 

October 25 to November 4 and consisted of three events: the 

-
-

puter in all three events.

BSC wanted to share its joy at having a new corporate building by organizing an open day with activities for people of 
-

trum 5 and the chapel where MareNostrum 4 is located.

children and adults, musical and theatrical performances, talks about science and technology, 
and an exhibition of collages by artists and art students with the special collaboration of ED: 

Barcelona Collage Society and with the support of Barcelona City Council, the Spanish Ministry of 
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