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Abstract—Today software is pervasive in our daily lives. Its 

sustainability and environmental impact have become major factors 

to be considered in the development of software systems. The need for 

training regarding green and sustainable topics in software 

engineering has been reflected in a recent survey carried out at 

Microsoft, Inc. However, after searching for such topics in the Top 

10 universities websites, we found out that green and sustainable 

software engineering were not present in their curricula. 
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I.  INTRODUCTION 

The latest measurement (June 2016) of the global 
concentration of CO2 in the atmosphere—the primary driver of 
contemporary climate change—has reached 404.48 parts per 
million (ppm), the highest in recorded history [1]. Serious 
actions must be taken in order to avoid hitting the “point of no 
return”, which is when no amount of cutbacks on emissions 
will save us from the potentially catastrophic repercussions of 
global warming.  

Having said that, it is not surprising that several initiatives, 
trying to contribute to a more sustainable society, are gaining 
importance worldwide across vastly different fields. Software 
development has become much more widespread, as it is 
pervasive in our daily lives. Today software development is 
taught in schools, from primary to higher education ones, as 
any other subject [2]. However, a survey on green software 
engineering [3], showed that practitioners believe that they 
should also learn and be taught how to improve software 
energy efficiency. For example, one of the respondent, 
referring to the general lack of concern towards rising 
sustainability issues, commented: “I would love to have more 
education [...] for designing and investigating battery lifetime! 
Anything to help raise awareness and break through attitude 
barriers”.  

Starting from the survey’s results and the far-reaching 
importance of the topics such as greenability and sustainability 
[4], we investigated the following research question:  

What is the presence of green and sustainable topics in higher 
education engineering curricula? 

In order to identify a wider range of software engineering-

related topics, the research question covers all engineering 

fields.  

II. EXAMPLES OF GREEN AND SUSTAINABLE TOPICS IN HIGHER 

EDUCATION INSTITUTES  

To answer the research question, we searched the topics of 
“Green Software”, “Sustainable Software” and “Energy 
Efficiency” in the course curricula of engineering schools from 
the first 10 institutes presented in the QS World University 
Rankings 2015/16 [5]. Inspired by [6], we used a keyword 
search method for the identification of the topics across the 
institutes websites. In TABLE I, we present the resulting 
relevant courses. In particular: 

 Three of the top 10 institutions do not have a course that 
addresses the topics of interest in their curricula; 

 Only 14 courses explicitly deal with topics related to energy 
saving and sustainability: 
o Six courses deal with energy-related issues in the 

context of policy making, regulations, and 
management; 

o Six courses deal with energy-related issues from a 
low-level, hardware perspective; 

o Only two courses (i.e., Comparative architectures, 
and Mobile and sensor systems) deal with energy 
related issue from a software development 
perspective; 

 None of the courses explicitly addresses Green Software 
Engineering (neither as Green in IT, nor Green by IT [4]), 
nor Sustainable Software Engineering. 
 
It appears that energy-related concerns are integrated in the 

engineering curricula from different viewpoints—from policy 
making to hardware design. There is a lack of university 
courses in which energy, and sustainability related topics are 
specifically addressed in the context of software engineering 
practices. Moreover, it appears that the expressions Green 
software engineering, and Sustainable software engineering 
have not entered the universities curricula. These results 
conflicts with the practitioners’ demand of education about 
green and sustainable software [3]. Although limited to only 
the institutions ranked in the first ten places, we answer the 
research question as follows: 
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Green and sustainable topics are present in the higher education 
engineering curricula, but not specifically in software 
engineering. 

TABLE I.  TOPICS OF  GREENABILITY AND SUTAINABILITYIN THE TOP 10 

INSTITUTIONS’ S CURRICULA. THE FIRST COLUMN IDENTIFIES THE INSTITUTE, 
THE SECOND REPORTS THE COURSE NAME, AND THE THIRD DESCRIBES THE 

COURSE. THE INSTITUTIONS 2, 4 AND 8 ARE NOT PRESENTED BECAUSE NO 

RELEVANT COURSES WERE FOUND. 

# Course Description of the course 

1 

Electric 

Power 

Systems 

Electric circuit theory with application to power 

handling electric circuits. Modeling and behavior of 
electromechanical devices, including magnetic 

circuits, motors, and generators. [...] 

1 

Economics 
and 

Regulation of 

the Electric 

Power Sector 

Provides an in-depth and interdisciplinary look at 

electric power systems, focusing on regulation as 
the link among engineering, economic, legal, and 

environmental viewpoints. [...]. 

1 
Energy 
Technology 

and Policy 

Develops analytical skills to lead a successful 

technology implementation with an integrated 

approach that combines technical, economical and 
social perspectives. Considers corporate and 

government viewpoints as well as international 
aspects, such as nuclear weapons proliferation and 

global climate issues. Discusses technologies such 

as oil and gas, nuclear, solar, and energy efficiency. 

3 
Numerical 
Methods 

[...] decide how and when computation energy 
should be traded for accuracy. 

3 
Comparative 

Architectures 

Amdahl’s law, energy/performance trade-offs, ISA 

design [...]. 

3 
Mobile and 
Sensor 

Systems 

This course [...]. It aims to help students develop 

and understand the constraints of modern systems 

additional complexity introduced by mobility and 
by energy. 

3 
System-on-

Chip Design 

[...] the major components of the SystemC C++ 

class library for hardware modelling are covered 
with code fragments and demonstrations. 

Queuing/contention delay modelling. Power, 

energy and layout high-level modelling 

5 Networking 

Control and optimization [...]. Current research 

focuses on fundamental issues in network 

architecture; network coding, including 
management and security issues; network storage; 

and green IT. 

5 

Communicati

ons and 
Signal 

Processing 

Theoretical and computer [...]. Current research 

emphases are in [...], and energy efficiency of 
computing and information systems; […]. 

5 

Smart Grids 

and Energy 

Supplies 

All aspects of energy and power systems, including 
modeling, analysis, design, and prototyping. 

Assessment of supplies of oil, gas, and coal, and the 

implications for alternative energy sources and 
climate. Control and optimization of networked 

distributed energy resources, optimal power flow, 

volt/var control, frequency regulation, renewable 
integration, [...]. 

6 
Energy 
Engineering 

Introduction to Energy Engineering […]. In 

particular, the challenge to reduce our dependency 
on fossil fuels is driven by both concerns about 

climate change and the need to increase security of 

supply. Research on energy addresses both 
conventional (fossil fuel) and renewable sources of 

energy. [...]. 

7 

Electronic 

and Electrical 

Engineering 

Electronic and electrical engineers invent and create 
the technology that typifies today’s high-tech 

society, from devices and systems that monitor our 

health and wellbeing to global communications 
networks and renewable electric energy. [...] . 

# Course Description of the course 

9 
Energy 
Economics 

and Policy  

The students will develop the understanding of 

economic principles and tools necessary to analyze 
energy issues and to formulate energy policy 

instruments. Emphasis will be put on empirical 

analysis of energy demand and supply, market 
failures, energy policy instruments, investments in 

power plants and in energy efficiency technologies 

and the reform of the electric power sector. […]. 

10 Energy Policy 

Energy powers our modern world, fueling 

innovation and improving living standards across 

the globe. But delivering access to reliable and 
affordable energy, while limiting its social and 

environmental impacts, is one of society’s greatest 

and most complex challenges. The Energy Policy 
[...] is contributing solutions using a unique 

approach that translates cutting-edge research into 

real-world impacts through strategic outreach, and 
training for the next generation of global energy 

leaders. 

III. CONCLUSION 

In recent years, great attention has been paid to 
sustainability issues. In this work, we presented a first attempt 
at showing the presence of green and sustainable software 
engineering in higher education curricula. After searching for 
“Green Software”, “Sustainable Software” and “Energy 
Efficiency” topics in the Top 10 universities websites, we found 
out that green and sustainable software engineering topics were 
still not present in their curricula. We believe that this first 
preliminary study could serve as a starting point for future 
work concerned with the integration and mainstreaming of 
green and sustainable software engineering.  

As future work, we plan to develop a systematic procedure 
to analyze the full list of institutes presented in [5]. The final 
goal is to push the area of software engineering towards an 
active role regarding sustainability through the inclusion, and 
centering of these topics in higher education curricula. 
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