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Background 

•  Erasmus Mundus (Erasmus+) 
•  The European Union's programme that aims to enhance quality in 

higher education through scholarships and academic 
cooperation between Europe and the rest of the world. 

 
•  PERCCOM 2013-2019 

•  The Erasmus Mundus Master program in Pervasive Computing 
and Communications for Sustainable Development aims at 
combining advanced Information and Communication 
Technologies (ICT) with environmental awareness to enable 
world-class education and unique competences for ICT 
professionals who can build cleaner, greener, more resource and 
energy efficient cyber-physical systems. 



PERCCOM Objectives 
−  To understand the emerging sustainability challenges within society and 

businesses and to transfer them into educational solutions with ICT as a key 
element, 

−  To combine the strengths, competences and experience of experts in 
different ICT perspectives (e.g. elements of systems as well as whole 
systems, hardware as well as software, communication and computation, a 
single phase of an element as well as the whole lifecycle) and thereby 
develop a common platform of competence within the guidelines of the 
Bologna process, 

−  To propose the new International Master degree with no currently available 
match at international level filling the gap between ICT skills and 
environmental considerations,  

−  To provide the prospective students with knowledge, skills and finally 
competencies in sustainability and ICT to enable a true impact on 
ecological, economic and social aspects of sustainability, and 

−  Finally to fulfill the needs presented by those various reports on ICT’s role 
as a solution or a part of it. 



Sustainability perspectives in PERCCOM 
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SKILL: ICT

Computer network engineering

Software engineering

Resource efficient systems

- Optimising power 
consumption of switches

- Improving communication 
efficiency for big data
- Energy efficient sata 

storage
- ...

GREEN ICT

- Home automation for 
energy savings

- Optimising district heating 
system

- Smart city implementation
- ...

ICT FOR GREENING
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PERCCOM Semesters 

•  Semester 1 : Eco-design and Green networking 
(University of Lorraine, France) 

•  Semester 2 : Green software and services, Green 
computing (Lappeenranta University of Technology, 
Finland and St Petersburg University of ITMO, Russia) 

•  Semester 3 : Smart systems (Luleå University of 
Technology, Sweden) 

•  Semester 4 : Master Thesis (Academia: Leeds, Bremen, 
Harz, CSIRO, … Companies: Orange, Cisco, Ericsson,… 
Associations : Ellen Mac Arthur Foundation, Fondaterra) 

Triple degree programme, diploma supplement approach  



Sustainability contents 

−  Semester 1 - Sustainable Computer Network Engineering 
−  Communication protocols (6 ECTS) – ICT and Sustainability 
−  Quality of Sustainable Service (6 ECTS) – ICT and Sustainability 
−  Automatic Control for Sustainable Development (3 ECTS) – ICT 

and Sustainability  
−  Systems Engineering (3 ECTS) – ICT, Sustainability and Green 

ICT 
−  Sustainable development & circular economy (3 ECTS) - 

Sustainability 
−  Specification definition of Master thesis project (3 ECTS) – ICT 

and Sustainability 
−  French Culture and Language (3 ECTS) – Sustainability (social 

aspects) 



Sustainability contents 

−  Semester 2 – Smart software and services 
−  Green IT and Sustainable Computing (5 ECTS) – Sustainability 

and ICT for Greening  
−  Architecture in Systems and Software Development (7 ECTS) - 

ICT 
−  Software Systems as a Service: Technology and Engineering (5 

ECTS) – ICT and ICT for Greening 
−  Code camp on Platform Based Development (4 ECTS) – ICT 

and ICT for Greening 
−  Transformation of a modern industrial society: The Finnish Model 

(2 ECTS) – Sustainability (social aspects) 
−  Towards Semester 3 (1 ECTS) – Sustainability and ICT  
−  ITMO - Seminar 1 & 2 (6 ECTS) – Green ICT 



Sustainability contents 

−  Semester 3 - Resource efficient pervasive computing systems 
and communication 
−  Network programming and distributed applications (7.5 ECTS) – 

ICT and ICT for Greening 
−  Wireless sensor networks/ Wireless Mobile Networks (7.5 ECTS) 

– ICT and Green ICT 
−  Multimedia systems (7.5 ECTS) – ICT and ICT for Greening 
−  Special Studies in Pervasive and Mobile Computing (Project) (3 

ECTS) – ICT and Sustainability 
−  Swedish for Beginners AI:1a - (3 ECTS) – Sustainability (cultural 

aspects) 
−  Seminar: (1.5 ECTS) – ICT and Sustainability  



Some results 



Selection of students and gender balance 

•  Good number of applicants 
•  The percentage of female applicants much higher than in our 

traditional ICT programmes 

Cohort	 Applicants	
Female/Male	(Total)	

Selected	
Female/Male	(%)	

Started	
Female/Male	(%)	

2013-2015	 78/378	(456)	 6/12	(33%)	 6/11	(35%)	
2014-2016	 27/155	(182)	 3/12	(20%)	 4/11	(26%)	
2015-2017	 56/235	(291)	 8/7	(53%)	 7/11	(38%)	
2016-2018	 47/164	(211)	 4/6	(40%)	 7/14	(33%)	
2017-2019	 55/175	(230)	 3/7	(30%)	 6/13	(31%)	

	



Analysis of the thesis topics 

−  Based on the three first cohorts 
−  2013-2015: 18 students 
−  2014-2016: 15 students 
−  2015-2017: 17 students 

−  Cohorts 1, 2 & 3 finished thesis works, cohorts 4 & 5 still 
working on those (not analyzed here) 

−  Thesis topics given in the beginning of the studies 









Thesis works on various domains 



Readiness of the results of thesis 

Figure 6: Technology readiness levels of thesis works of di↵erent cohorts by the order of

impact.

Figure 7: Technology readiness levels of thesis works of di↵erent cohorts by the application

domain.
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Reflections to existing 
knowledge and lessons 
learned 



Cai Y. – Options for sustainability integration 

Option 1: new green 
computing course

Green computing
course

Traditional computing courses

Sustainability 
modules

Sustainability 
projects

Sustainability 
projects

Sustainability 
modules

Option 2: modular approach

Traditional computing 
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Option 3: integrative and transformative approach
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Figure 1: Options and strategies for sustainability integration in computing.

The third option is an integrative and transformative ap-
proach. We hope to be able to completely re-design some
computing courses with sustainability as one of the top pri-
orities. For example, there exists a significant body of re-
search/education work on computer architecture, operating
system, database system, and resource management which
largely focus on pure performance or cost. By promoting
energy to a first-class resource, people will gain new insights
and findings on how to achieve energy saving in the current
IT systems.

4.3 Development of a green computing course
An undergraduate course SAT4541 - Green Computing &

Network Services was developed by the author, Dr. Yu Cai
at Michigan Technological University.

The SAT4541 course covered the following green comput-
ing topics:
1) General concepts and principles of sustainability and green
computing.
2) Background and motivation for green computing.
3) Server virtualization technology, including what is vir-
tualization, how virtualization works, typical products like
VMware and Xen, how to use virtualization to save energy.
4) Green data center, including why saving energy is im-
portant to data centers, common energy saving practices in
data centers.
5) Power-aware computing, including energy-efficient hard-
ware innovation, energy-efficient software innovation, mem-
ory and disk management, benchmarking and assessment.
6) Energy information system and smart power manage-
ment.
7) Electronic waste disposal and recycle,
8) Regulatory compliance

The new SAT4541 course was designed to piggyback on
an existing 3-credit network service course. The 1st half of
the semester is on advanced network topics (such as direc-

tory services), and the 2nd half of the semester is on green
computing. This design allows us to infuse green computing
in the overly-crowded computing curriculum.

The new SAT4541 course was taught in Fall 2008 (35 stu-
dents), Summer 2009 (7 students), and will be taught again
in Fall 2009 (estimated 37 students). Most students are
seniors majored in Computer Network and System Admin-
istration (CNSA) at Michigan Technological University. A
small portion of the students are from CS, ECE and bioin-
formatics.

4.4 Development of green computing course
modules

We developed the following green computing modules that
can be used independently in other computing courses.

1) Green computing introductory module: including gen-
eral concepts and principles of sustainability and green com-
puting, background and motivation for green computing,
electronic waste disposal and recycle, and regulatory compli-
ance. This module can be used in a CS introductory course
or a CS ethical course.

2) Server virtualization module: including what is vir-
tualization, how virtualization works, typical products, and
how to use virtualization to save energy. This module can be
used in an operating system course or other related courses.

The server virtualization module was used in SAT4600 -
Advanced Internet Technology in Spring 2009 (45 students).
More course modules will be developed and tested in the
future.

4.5 Development of green computing senior de-
sign projects.

The following green computing senior design projects have
been developed:
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Lesson learned from PERCCOM 
−  This is not a pure software engineering or computer 

science programme 
−  International programme that could not have 

happened in a single university due to perspectives to 
ICT education 

−  The perception of sustainability varies in the 
programme and was not anticipated in the beginning 

−  The programme evolves continuously while we learn 
−  The multiperspective approach gives pretty good basis 

for future 
−  9 / 17 continue as doctoral students, 4 work for 

companies in SW or networking, 2 work in academia 
−  50+% females (1st cohort) 



Lessons learned – content evolution in 
PERCCOM 
−  The main structure has remained the same 
−  Themes of the semesters have emphasized local 

strengths 
−  Biggest challenge has been in taking all sustainability 

perceptions into account  
− Not necessarily good view to these 
−  Student projects (where’s the sustainability?) 

−  Integration of sustainability perceptions to existing 
projects 



Lessons learned – sustainability 
education 

−  Literature shows change of emphasis from pure Green 
IT to IT for greening.  
−  Same trend in thesis topics 
−  Increased understanding of sustainability ? 

−  Strength of the programme is in different approaches to 
sustainability 
−  Broader understanding of the sustainability and ICT 



Innovation, Design and 
Engineering of Usable ICT 
Solutions for Sustainability 

Erasmus Mundus proposal to produce 
Sustainability literate SE graduates 



Sustainable	mindset	
-  Understands	the	need	for	change,	

individually	and	collec9vely	
-  Has	sufficient	knowledge	and	skills	in	

own	profession	to	act	in	favor	of	
sustainable	development	

-  Recognize	decisions	and	ac9ons	
towards	sustainable	development	
and	and	is	able	to	u9lize	these	in	
own	ac9ons	

SoAware	engineering	skills	
-  Professional	and	technical	knowledge	
-  Teamwork	
-  End-user	awareness	
-  Solu9ons	in	context	

User-centric	Design	principles	
-  Understanding	of	the	users	
-  Par9cipa9on	
-  PaGerns	

Sustainability	literate	graduates	

Sustainable mindset

Software engineering methods and tools

User-centric Design principles

Challenges Solutions Disseminati
on

Usable sustainability
- for/with people and society 




