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Rafael’s research 

• First publication in 2013 about sustainable design decisions
• Moving after to sustainability metrics in software architecture (i.e.

architecture decay) 2015-todaySystems endurance
• Sustainability in education, skills demanded: 2021-today
• Understand sustainability as a high-level cross-cutting quality attribute 

affecting the development of systems
• Without metrics and KPIs we cannot estimate how sustainable our 

systems are
• 11 papers + 1 special issue published since 2013

I started around 2012 working on sustainability topics…
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Sustainability dimensions

• Environmental sustainability: Good set of metrics to 
estimate Green ICT/IT or sustainable ICT in various 
domains (e.g. climate, transportation, energy, etc)

• Technical/Software sustainability: A significant number
of metrics to measure sustainable aspects of software 
systems (develop sustainable systems or use software to 
evaluate sustainability aspects). Lack of a global
sustainability indicator

• Social/Individual: Less explored and hard to evaluate the 
impact of sustainability initiatives in society and 
individuals

• Economic: Cost factors evaluating sustainability actions
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Software sustainability metrics 4
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• More than 40 code metrics to evaluate different quality aspects of code 
bases

• Lack of a clear sustainability indicator (e.g. the case of maintainability) 
and how to combine existing metrics (e.g. complexity, coupling, 
instability, etc)

• Many software metrics related to estimate technical debt can be used
• Time/Effort to pay the debt
• Detection of quality loss
• TD ratings assess on quality defects
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• Architecture 
metrics can 
help to 
evaluate 
sustainabilit
y from a 
different 
angle
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• There are plenty of metrics to estimate  the green aspects of systems 
• Several domains can benefit of estimating environmental sustainability 

and green ICT (e.g. waste and resource mgmt., transportation, energy, 
manufacturing, and many more)

• We need to standardize these metrics and its correct use provided by 
annual sustainability reports

• It is key to define good KPIs used by the metrics as indicators to be 
measure (e.g. context data, resource usage)

• Some rankings use environment indicators to rank most sustainable 
organizations
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• Annual sustainability 
reports from companies

• We studied 14 international 
companies using their 
sustainability reports and 
web sites as baseline 

• Uncover metrics used, 
ESGs, SDGs, and 
sustainability dimensions 
covered
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• Reporting 
sustainability 
impact and coarse 
numbers

• Carbon-emission, 
e-waste, 
resources usage

• Impact of social 
dimension

• Develop future-
ready skills
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• Some metrics are quite easy to compute
• No high-level metrics to indicate how sustainable companies and public organizations 

are that can be compared in a fair way
• KPIs is the base of these metrics but also the ESG/SDG goals each organization want to 

achieve
• Each country demands different sustainability achievements
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• Google carbon footprint calculator
• Track emissions of cloud projects
• Location-based emissions
• Measure and reduce IT carbon 

emissions
• Gross carbon emission by project 

https://cloud.google.com/carbon-footprint?hl=en
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• IBM’s Turbonomic
sustainability IT
• Sustainability in 

data centers
• Optimize carbon 

footprint
• Understand the 

current usage of 
IT operations

• GPU optimization



Research Agenda

(i) How to combine code and architecture quality indicators to provide a 
good sustainability estimation

(ii) Too many metrics to estimate environmental sustainability
(i) Are these metrics applied correctly?
(ii) Do companies tell the true in their sustainability reports
(iii) Are metrics standardized?

(iii) How environmental/technical sustainability metrics can be used to 
evaluate other sustainability dimensions

(iv) Tools available? Which ones?
(v) Use of energy-efficient programming languages (e.g. Rust)
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Thank you 
for listening

Contact me at: rafael.capilla@urjc.es


