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Abstract. ICT significantly contributes to the global carbon dioxide production. 
In the last years the research addressed the problem of increasing ICT sustaina-
bility from different perspectives. In this paper this problem is addressed from a 
software process perspective. Sustainability of software process is approached 
in a systematic way by defining a core set of processes that represent the activi-
ties to be performed in order to introduce and integrate the greenness culture in 
an organization developing software. The processes have been defined so that 
they can be measured in terms of process capability according to the ISO/IEC 
15504 standard. The relationships between process capability and sustainability 
are discussed as well. 

1 Introduction 

Problems related to the environment preservation and to the sustainable development 
are among the most important human beings have to face today. Because software 
intensive systems and applications are more and more pervasive in all the activities of 
everyone’s day life, environmental impact of any related aspect has indeed become an 
issue. The global ICT industry is claimed to account for approximately two percent of 
global carbon dioxide (CO2), a figure equivalent to the aviation industry [5]. The as-
pects related to the sustainable design, development, use, maintenance and disposal of 
software and software-intensive systems (that in this light can be denoted as Green 
Systems) have been in the last years addressed from the following different perspec-
tives: 

• Development of Green Systems: systems to be designed adopting technical so-
lutions able to minimize the power consumption during their usage, and using 
materials having a reduced environment impact during production and dispos-
al. In fact, for some ICT products (such as servers or set-top boxes) it is essen-
tial to reduce the power consumption during use, because the use phase  
comprises the largest share in their total life cycle impact; for others it is more 
important to optimize their design for recyclability or to avoid negative effects 
during end-of-life treatment. [6, 7, 8, 10]. These issues are addressed by the 
ISO 14000 family of standards related to environmental management. It aims 
at supporting organizations to minimize how their operations negatively affect 
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the environment (i.e. cause adverse changes to air, water, or land); to comply 
with applicable laws, regulations, and other environmentally oriented require-
ments, and to continually improve in the above aspects [16, 17]. 

• Design of Green Software Products: software products shall be designed in or-
der to adopt efficient algorithms able to reduce both the direct carbon footprint 
of software (e.g. power consumption due to the CPU cycles) and the indirect 
effects on sustainability (i.e. the effects depending on the system where the 
software is executed and on the domain where the system is used). Although 
software doesn’t consume energy, it deeply affects the consumption of hard-
ware equipment, for this reason software is indirectly responsible for energy 
consumption. [9, 11] 

• Green Software Development: the focus in this case is on the whole software 
life cycle, including the development phase, that shall follow principles and 
adopt techniques aiming at optimizing sustainability. This is strictly related 
with the concept of green software engineering. [1, 12, 13] 

What is still to be addressed in a complete manner in the literature is the sustainability 
of the software process.  Software process determines and drives the organizational 
modus operandi in all the activities directly and indirectly related to the software de-
velopment. The availability of models and methods for assessing and improving soft-
ware process in terms of sustainability contributes to the sustainability of software 
products as well as to spread the organizational greenness culture.  

In this paper we provide definitions and principles related to the green and sustain-
able software process. In addition we refer to the well-known standards ISO/IEC 
12207 and ISO/IEC 15504 to clearly identify the core activities related to green and 
sustainable software process as well as a way to evaluate the capability of an organi-
zation in such activities.  

This paper is structured as follows: in Section 2 principles and definitions about 
sustainable software process are provided, in Section 3 factors determining the sustai-
nability of software process are addressed as well as possible sustainability objectives. 
In section 4 a core set of process definitions (according to the requirements of the 
ISO/IEC 15504 standard) able to cover the software process sustainability is  
provided. In Section 5 the relationships between process capability (measurable  
by means of the ISO/IEC 15504 standard) and sustainability are discussed.  
Finally, in Section 6 possible future advancements are identified and conclusions are 
provided.  

2 Green and Sustainable Software Process Principles and 
Definitions 

In this section key definitions, taken from the literature, are provided in order to give 
a clear picture of what green and sustainable software process means and its relation-
ships with key other concepts.  
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Green & Sustainable Software:   
software, whose direct and indirect negative impacts on economy, society, human be-
ings, and environment that results from development, deployment, and usage of the 
software are minimal and/or which has a positive effect on sustainable development. [1] 

Green & Sustainable Software Engineering:   
the art of developing green and sustainable software with a green and sustainable 
software engineering process [1].  

Therefore it is the art of defining and developing software products in a way, so that 
the negative and positive impacts on sustainable development (i.e. a pattern of growth 
in which resource use aims to meet human needs while preserving the environment so 
that these needs can be met not only in the present, but also for generations to come) 
that result and/or are expected to result from the software product over its whole life-
cycle are continuously assessed, documented, and used for a further optimization of 
the software product.  

 Software lifecycle is a concept introduced in the ‘80s [19]. The software lifecycle 
is a framework in which the activities related to development, exercise, maintenance 
and disposal of software product are identified, and their order of performance estab-
lished. In other words, a lifecycle describes or prescribes how an organization shall 
perform the software development, maintenance and disposal. 

In [1] the green software lifecycle is addressed with the main objective to assess 
the ecological, social, human and economic compatibility of a product during its 
whole life cycle. 

A related concept, but different from the software lifecycle, is that of software 
process. Software process is a collection of general definitions of the interrelated ac-
tivities that can be suitably performed during the development, maintenance and dis-
posal of a software product. The whole software process is usually considered as 
composed of different processes each of them covering a specific activity. This ap-
proach is established in the ISO/IEC 12207 [3] standard that gives the requirements 
for an extended set of processes suitable for software development.  For this reason 
hereafter we refer to software processes instead of a unique software process. 

The relationships between software lifecycle and software processes can be 
represented as Figure 1 shows. Software processes are general activities having their 
own characteristics and requirements. Software processes are mapped on a specific 
software lifecycle that establishes which processes are used, their sequence of per-
formance and their possible iterations. In general software processes are independent 
of the specific software lifecycle they are applied in. 

Each software process represents a set of interrelated activities (including  also the 
use of resources), that transform inputs into outputs to be used for developing a spe-
cific product. Their actual usage in real projects determines the software lifecycle. 

Software sustainability can be approached from a process-centric perspective and a 
definition of Green and Sustainable software process can be given as follows. 

Green and Sustainable Software Process:  
Software process that meets its (realistic) sustainability objectives, expressed in terms 
of direct and indirect impacts on economy, society, human beings, and environment 
that result from its definition and deployment.  
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Fig. 1. Software Lifecycle vs. Software Process 

3 The Sustainability Factors of the Software Processes 

The process sustainability factor (i.e. the part of the carbon footprint due to or save by 
the specific process used in developing and managing all the aspects and phases re-
lated to the software lifecycle) cannot be ignored. 

In fact, the way the interrelated activities composing the whole software process 
are performed and managed may significantly impact on the whole sustainability of 
the software. 

The principal sustainability factors directly impacted by the process are identified 
in the following list: 

• Power Consumption: this factor is directly related to the efficiency of the software 
process. Inefficient processes require unnecessary workload with a consequent 
waste of power and then avoidable CO2 emissions. 

• Paper Consumption: the amount of paper consumed in a software development 
project depends on the media used for sharing information and knowledge within 
the organization. Knowledge management and communication infrastructure as 
well as their usage depend on the procedures defined in the processes. Infinite ex-
amples can be provided showing waste of paper in distributing and using docu-
ments.  

• Fuel Consumption: travels and face-to-face meetings can be reduced (with a con-
sequent reduction of fuel consumed) both introducing suitable technologies and de-
fining suitable processes to guide their usage. 

The three factors indicated above are not mutually independent. For instance, it would 
be expected that savings in terms of paper consumption are mitigated by an increase 
in terms of power consumption. Generally speaking, progress in the efficiency of 
producing software means that the same results can be obtained using less input.  
By increasing efficiency, input factors (e.g. energy input) can in principle be saved in 
absolute terms. However, in practice these savings may be balanced out or even  
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overcompensated by an increase in demand for the output, because the output is get-
ting cheaper in terms of money or time or by a different destination of saved income 
that can be spent on other goods or services. These phenomena are known as rebound 
effects [14, 15]. 

The rebound effect shall be taken into account when sustainability objectives are 
defined for a software development project. The overall sustainability objective for 
software processes is to support sustainable development, minimize resource re-
quirements and produce minimal waste. More detailed sustainability objectives can be 
derived as:  

Carbon Footprint: the amount of carbon dioxide a software development, manage-
ment, or maintenance activity shall emit. The discussion of techniques and methods 
for calculating reference values to be associated to the carbon footprint objective is 
out of the scope of this paper.  

Energy: the amount of energy consumed during the software development. This 
objective is easier to be established because it is based on real power consumption no 
matter how energy is produced. 

Waste: the amount of physical, energy or process resources consumed in activities 
that add no visible value to software and users.  

Travel: travelling time required during the software development. This objective 
can be refined according to the type of vehicle used. 

4 Addressing Sustainability in Software Processes 

In this section, a model in which the concepts of sustainability and software process 
are integrated is provided. Once such a model has been given, the evaluation of the 
degree of process sustainability of an organization will be possible. 

For this purpose we refer to the ISO/IEC 12207 standard.  
To address sustainability issues in software process we define a set of sustainabili-

ty-specific processes representing the activities to be performed in order to introduce 
and integrate the greenness culture in the software process. The definition of this new 
set of processes follows the rules of the ISO/IEC 12207 and ISO/IEC 15504 stan-
dards. 

According to those rules a process definition shall contain the following parts: 

• Process Title: a definition that conveys the scope of the process as whole 
• Process purpose: the statement of the goal of performing the process  
• Process outcomes: observable expected results of the successful perfor-

mance of the process 

In the following the core set composed of three processes necessary to embrace the 
process sustainability as a whole is provided. According to the definition of green and 
sustainable software process provided in Section 2, these processes represent a way to 
introduce and establish an organizational modus operandi able to support the devel-
opment of green software.  

These three processes are introduced and described using a tabular format respect-
ing the process definition rules provided above. 
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4.1 Sustainability Management Process  

Sustainability management process aims at ensuring the achievement of established 
sustainability objectives in software development.  

It can be decomposed into four phases that are described in the following:  
Preliminary phase: the sustainability principles and criteria that will drive the sus-

tainability-related decisions are established. In the following we indicate as sustaina-
bility activities those activities performed in a product development (technical, mana-
gerial and support activities) aimed at satisfying the sustainability objectives. 

Planning phase: the sustainability activities to be deployed in the development of 
the product are identified. The planning of the sustainability activities is produced and 
the necessary resources to accomplish with it are identified and allocated. 

Monitoring phase: the performance of the sustainability activities is monitored for 
its compliance with the planning. Possible deviations are treated until solution.  

Supplier sustainability control: the sustainability requirements for supplied prod-
ucts are defined and a monitoring policy is agreed. 

A tabular representation of the process definition is provided in Table 1. 

Table 1. Sustainability Management Process 

Process ID SUS.1 

Process 
Name 

Sustainability Management 

Process  
Purpose 

The purpose of the Sustainability Management Process is to ensure that 
products, services and life cycle processes meet sustainability objectives. 

Process  
Outcomes 

As a result of the successful implementation of the Sustainability Man-
agement process: 

1) Principles and criteria for sustainability are established. 
2) The scope of the sustainability-related activities for the project is 

defined. 
3) Activities for sustainability are planned and implemented. 
4) Tasks and resources necessary to complete the activities for sus-

tainability are sized and estimated.  
5) An organization structure for sustainability (responsibilities, roles, 

reporting channels, interfaces with other projects or OUs …) is es-
tablished. 

6) Activities for sustainability are monitored, sustainability non con-
formities are reported, analysed, and resolved.  

7) Agreement on sustainability policy and requirements for supplied 
products or services is achieved.  

8) Supplier’s activities for sustainability are monitored. 
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4.2 Sustainability Engineering Process  

Technical solutions for sustainability shall be injected into the development process in 
order to comply with defined sustainability objectives. The sustainability engineering 
process addresses the application of techniques and methods able to guarantee that the 
sustainability activities are suitably integrated into the engineering activities to 
achieve defined sustainability objectives. 

Techniques and methods are applied on the basis of an analysis aimed at verifying 
their suitability to achieve sustainability objectives. 

Possible change requests are analyzed, their impact evaluated and the planning 
modified accordingly. 

A tabular representation of the process definition is provided in Table 2. 

Table 2. Sustainability Engineering Process 

Process ID SUS.2 

Process 
Name 

Sustainability Engineering 

Process  
Purpose 

The purpose of the Sustainability Engineering process is to ensure that 
sustainability is adequately addressed throughout all stages of the engi-
neering processes.  

Process  
Outcomes 

As a result of the successful implementation of the Sustainability Engi-
neering process: 
1) Factors affecting sustainability (e.g. resource consumption sources) 

are identified 
2) Sustainability analysis is performed in order to determine the sus-

tainability impact of factors affecting sustainability  
3) Sustainability objectives are defined for the product development 
4) Green principles are applied to development processes to identify 

techniques and methods suitable to achieve the sustainability ob-
jectives. 

5) Techniques and methods for sustainability are applied 
6) Impact on sustainability of change requests is analysed 

 

4.3 Sustainability Qualification Process  

Software and system development may need the acquisition and use of external re-
sources (as for example: core engineering tools, engineering support tools, manage-
ment support tools). The overall sustainability is affected by the sustainability of these 
external resources, then this process addresses the assessment of sustainability of 
external resources and their management. 

To achieve the purpose of this process, a sustainability qualification strategy and a 
plan that implement such a strategy are to be prepared and implemented. Moreover 
the outcomes of the qualification are to be documented. 

A tabular representation of the process definition is provided in Table 3. 
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Table 3. Sustainability Qualification Process 

Process ID SUS.3 

Process 
Name 

Sustainability Qualification  

Process 
Purpose 

The purpose of the sustainability Qualification process is to assess 
the suitability for sustainability of  external resources when 
developing a software or system. 

Process 
Outcomes 

As a result of the successful implementation of the Sustainability 
Qualification process: 

1) Sustainability qualification strategy for external resources is de-
veloped. 

2) Sustainability qualification plan is developed and executed. 

3) Sustainability qualification documentation is written. 

4) Sustainability qualification report is produced. 

5 Evaluating and Improving Software Processes Sustainability 

According to the well-known motto: You cannot control what you cannot measure [4] 
the availability of means and models for measuring the quality of processes and then 
for improving them, if necessary, is crucial. The compliance of the process definitions 
provided in section 4 with the ISO12207 and ISO/IEC 15504 requirements allows the 
use of the ISO/IEC 15504 for measuring the capability of such processes. 

Process capability is a concept related to the probability a process meets its goal in 
terms of quality of outcomes, costs and time; the higher the capability of a process the 
lower the risk of missing its objective. This concept is represented graphically in Fig-
ure 2. 

 

 

Fig. 2. Software Process Capability graphic representation 
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The measurement of process capability is addressed in two well-known reference 
models: the CMMI [18, 20] and the ISO/IEC 15504 [2]. The latter, in particular, pro-
vides a flexible way to the determination of software process capability because it is 
structured in two dimensions: the process dimension and the capability dimension.  

Table 4. Capability Level vs. Sustainability in SUS.x processes 

Capability 

Level (CL) 

SUS.1 SUS.2 SUS.3 

0 Not  

Performed 

There is a general failure to attain the purpose of the process. There are little 

or no easily identifiable work products or output of the process 

1 

Performed 

The organization is gener-

ally able to ensure that 

products, services and life 

cycle processes meet 

sustainability objectives.   

The organization is 

generally able to en-

sure that sustainability 

is adequately ad-

dressed throughout all 

stages of the engineer-

ing processes related 

to software/system 

development 

The organization is 

generally able to 

assess the suitability 

for sustainability of 

external resources 

when developing a 

software or system 

2  

Managed 

The organization follows 

specified, planned and 

tracked procedures to 

deliver work products 

(conformant to specified 

standards and require-

ments) related to: 

• Definition of sustainabili-

ty principles and criteria  

• Planning and monitoring 

of sustainability activities 

(including those per-

formed by suppliers) 

• Resource and infrastruc-

tures allocation for sus-

tainability  

The organization fol-

lows specified, planned 

and tracked procedures 

to deliver work products 

(conformant to speci-

fied standards and 

requirements) related 

to: 

• Definition of sustai-

nability objectives  

• Application of suit-

able techniques to 

achieve them. 

The organization 

follows specified, 

planned and tracked 

procedures to deliver 

work products (con-

formant to specified 

standards and re-

quirements) related 

to sustainability quali-

fication strategy 

definition, planning, 

deployment and 

reporting  

 

3 

Established 

The procedures identified for CL 2 for each SUS.x process are implemented 

using a documented standard process or an approved tailored version of it 

4 

Predictable 

A quantitative understanding of the capability of each SUS.x process and an 

improved ability to predict and manage their performance and the quality of the 

related work products is achieved by the analysis of detailed performance 

measurements 

5  

Optimizing 

The performance of each of the SUS.x process is monitored against organiza-

tional business and efficiency goals. Quantitative feedbacks are collected and 

used for improvement purposes. 
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The process dimension comprises processes defined according to certain require-
ments that are including those of the ISO/IEC 12207; the capability dimension pro-
vides a measurement framework composed of process attributes, and process indica-
tors as well as a mechanism to rate the capability of processes.  

In the case of processes related to sustainability defined in Section 4, achieving a 
higher capability level means that the structure of the organization supports the 
achievement of the sustainability goals in developing software and that the confidence 
in achieving such goals is enforced.  

Nevertheless, the Process Capability and Process Sustainability concepts are dif-
ferent. There is not a direct relationship between process capability and sustainability; 
in other words, a process having high capability can have a low sustainability and 
vice-versa. 

The three processes defined in Section 4 are, in our understanding, enough to cover 
all the basic aspects of sustainability in software process . In Table 4 the meaning, in 
term of sustainability, of the achievement of a certain capability level according to the 
ISO/IEC 15504 measurement framework is explained.  

To be noted that nothing can be directly inferred about the sustainability of the fi-
nal product from the achievement of a certain capability level according to the 
ISO/IEC15504 scheme. On the contrary, measuring capability of the processes de-
fined in section 4 means evaluating, from a managerial and technical point of view, 
the behavior of an organization when it deals with sustainability in developing soft-
ware. 

Applying a capability determination mechanism to the set of processes defined in 
section 4 can be considered as a contribution in the evaluation of the greenness of an 
organization and it may support it for improving its greenness as well. 

6 Conclusions and Future Works 

This paper aims at contributing in the current studies for solving the problem of the 
ICT sustainability by widening the perspectives from which it is addressed. ICT sus-
tainability has been addressed in this paper by discussing first the factors directly 
related to the software process. Then a process model composed of the definition of a 
core set of processes able to address the basic activities to be performed in order to 
introduce and integrate the greenness culture in organizations developing software has 
been provided. These processes would represent an addendum to the ISO/IEC 12207 
process set and, while they do not impact on the actual Process Reference Model of 
the ISO/IEC 12207, they influence the way most of those processes are performed 
because they inject sustainability issues in the whole software development process. 

These processes have been defined according to the requirements of the ISOI/EC 
15504 standard in order to make possible their assessment in terms of process capabil-
ity. Finally, the relationships between process capability and sustainability have been 
discussed.   

This paper is to be considered as an initial step towards the definition of a  
sound framework aimed at integrating the sustainability with the traditional quality 
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characteristics of the software process as productivity, efficiency, and suitability for 
purpose. To do that we intend to continue with in this promising discipline by per-
forming ISO/IEC 15504 actual process assessments of the core set of sustainability 
processes defined in this paper, in order to get feedback and possibly extend or modi-
fy them. 

We are also investigating the definition of a Process Assessment Model for Sustai-
nability and Capability starting from the existing ISO/IEC 12207 and ISO/IEC 15504 
standards. To do that the processes defined in the ISO/IEC 12207 standard should be 
revised with the aim of injecting sustainability-related outcomes and practices. It 
would be a way to make the ISO/IEC 12207 greener. Moreover the Process Attributes 
of the ISO/IEC 15504 standard should be revised along with the related indicators in 
order to make it suitable to provide a measurement of the sustainability level of the 
software process as well. 

References  

1. Naumann, S., Dick, M., Kern, E., Johann, T.: The GREENSOFT Model: A Reference 
Model for Green and Sustainable Software and its Engineering. Sustainable Computing: 
Informatics and Systems 1, 294–304 (2011) 

2. ISO/IEC IS 15504, Information technology – Process assessment, Parts 1-10, International 
Organization for Standardization (2001-2011)  

3. ISO/IEC IS 12207:2008, Systems and software engineering — Software life cycle 
processes. International Organization for Standardization (2008)  

4. De Marco, T., Lister, T.: Controlling Software Projects: Management, Measurement, and 
Evaluation, Seminar Notes. Atlantic Systems Guild Inc., New York (1984) 

5. Gartner, Inc.: Gartner Estimates ICT Industry Accounts for 2 Percent of Global CO2 
Emissions,  
http://www.gartner.com/it/page.jsp?id=503867  
(accessed March 2, 2012)  

6. Sverdrup, H., Svensson, M.G.E.: Defining the Concept of Sustainability. Systems Ap-
proaches and Their Application, 143–164 (2005) 

7. Gordon, J., Skinner, A., Button, A. (eds.): World Economic Forum Green Technology: 
Driving Economical and Environmental Benefits from ICT (2009) 

8. Hilty, L.M., Lohmann, W.: The Five Most Neglected Issues in “Green IT”. CEPIS Up-
grade The European Journal for the Informatics Professional XII(4) (October 2011) 

9. Taina, J.: Good, Bad, and Beautiful Software – In Search of Green Software Quality Fac-
tors. CEPIS Upgrade The European Journal for the Informatics Professional XII(4) (Octo-
ber 2011) 

10. Rivoire, S., et al.: Models and Metrics to Enable Energy-efficiency Optimization. IEEE 
Computer (December 2007) 

11. Capra, E., Merlo, F.: Green IT: Everything Starts from the Software. In: 17th European 
Conference on Information Systems, Verona, Italy (2009)  

12. Johann, T., Dick, M., Kern, E., Naumann, S.: Sustainable Development, Sustainable Soft-
ware, and Sustainable Software Engineering. In: Int.l Symposium on Humanities, Science 
and Engineering Research, Kuala Lampur, June 6-7. IEEE Publisher (2011) 

13. Tate, K.: Sustainable software development: An agile perspective. Addison-Wesley, Upper 
Saddle River (2006) 



108 G. Lami, F. Fabbrini, and M. Fusani 

14. Binswanger, M.: Technological Progress and Sustain- able Development: What About the 
Rebound Effect? Ecological Economics 36, 119–132 (2001) 

15. Hilty, L.M., Köhler, A., von Schéele, F., Zah, R., Ruddy, T.: Rebound Effects of Progress 
in Information Technology. Poiesis & Praxis. International Journal of Technology As-
sessment and Ethics of Science 1(4), 19–38 (2006) 

16. Darnall, N., Gallagher, D.R., Andrews, R.N.L.: ISO 14001: Greening management sys-
tems. In: Sarkis, J. (ed.) Greener Manufacturing and Operations, pp. 179–190. Sheffield, 
Greenleaf (2001) 

17. Miles, M.P., Russel, G.P.: ISO 14000 total quality environmental management: the inte-
gration of environmental marketing, total quality management, and corporate environ- 
mental policy. Journal of Quality Management 2(1), 151–168 (1997) 

18. Chrissis, M.B., Konrad, M., Shrum, S.: CMMI Guidelines for Process Integration and 
Product Improvement. Addison-Wesley (2004) 

19. Abdel-Hamid, T.K., Madnick, S.E.: A model of software project management dynamics. 
In: Proc. IEEE COMPSAC 1982, pp. 539–554 (November 1982) 

20. Software Engineering Institute ”CMMI for Development, Version 1.3” CMU/SEI-2010-
TR-033 (November 2010) 
 
 


	Software Sustainability from a Process-Centric Perspective
	Introduction
	Green and Sustainable Software Process Principles and Definitions
	The Sustainability Factors of the Software Processes
	Addressing Sustainability in Software Processes
	Sustainability Management Process
	Sustainability Engineering Process
	Sustainability Qualification Process

	Evaluating and Improving Software Processes Sustainability
	Conclusions and Future Works
	References




