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Abstract. The aim of this paper is to present a framework to assert how a software development 
process can be evaluated to reach sustainability improvements during this process. The role of 
information systems in sustainability initiative has gotten a lot of attention, both as a culprit by 
massive energy use, and as an enabler to reach a more sustainable future. Using a stakeholder 
perspective in regard to sustainability issues during software development activities, possible 
sustainability actions are proposed; corresponding to the intersection of the three sustainability 
areas of, economical, social and environmental goals, and the proposed four general software 
development activities, planning, construction, testing, and implementation. 
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1 Introduction 

Information systems (IS) are believed to be crucial in the effort to reach a more sustainable world 

(Elliot 2007; Melville 2010). Software development is one of the basic activities in the creation of 

IS. Both Elliot and Melville have proposed research questions, in regard to the role of IS, to reach a 

more sustainable future. The aim of this paper is to present a framework to assert how a software 

development process can be evaluated to reach sustainability improvements during this process. 

This would strengthen the claim that IS can be sustainable by widening the scope of potential 

sustainability actions derived from the use of IS, as well as showing that IS is more than an enabler 

of sustainability initiatives. Dependant on how this challenge is viewed it can be categorized as 

belonging to several overarching research questions; these will be further elaborated upon in the 

section on sustainability. 

 

The aim of this paper falls into several of the research categories proposed by Elliot and Melville 

(ibid.), the most important reason for this is that software development is such a basic activity in 

regard to IS that it has an impact directly or indirectly on all undertakings that involves IS. This has 

two important implications: First, all activities that relies on an IS would benefit from a more 

sustainable development process from a life cycle perspective. Second, all the proposed research 

areas in sustainable information systems are still as valid and as important since they are on a more 

general level in regards to the development of IS. 

 

A conceptual-analytical approach is used to develop the sustainable software development 

framework. That means that the resulting framework is based on previous empirical studies, 

theories, models and frameworks (Järvinen 2000). 

 



This paper is structured as follows. The role of sustainability in regards to software development in 

an organizational setting is discussed, including the concept of sustainability. Next, the shareholder 

perspective and how it relates to sustainable system development and the software development 

activities is discussed. Different activities within software development are defined. Finally, the 

proposed framework for sustainable software development is presented, followed by conclusion and 

discussion.  

2 Sustainability 

Sustainability refers to the efforts of minimizing negative economical, environmental and social 

impacts of an activity (United Nations 2002).  

 

Economical impact is related to direct economic values generated, risks and opportunities for 

activities caused by climate change, market presence and indirect economic impact. 

 

Environmental impact is typically ecological aspects such as energy consumption, impacts of 

products and services, biodiversity and emissions.  

 

Social impact covers interaction between the organization and its social context including 

community interaction, corruption issues and public policies. 

  

As an environmental concern the growing amount of “e-waste” has been in the public eye for some 

time (Eliot 2007; Ogunseitan et al 2009). During the last few years, however, the focus in relation to 

information systems has been the energy use, and consequently, the carbon footprint of technology 

use (ibid.). This could be regarded as a quick fix with an easy target, namely data centers (Kurp 

2008; Liu et al. 2009; Torres et al 2008; Kandlur and Keller 2009), and  “greener” technology 

aimed at the consumer market. However, a deeper look at software development in order to 

facilitate a more sustainable development process would not only make better use of “greener” data 

centers, it would also facilitate “greener” or more sustainable software. 

 

Sustainability reporting is the benchmark that stakeholders primarily use as the guideline to follow, 

since sustainability reporting is how an organisation measure and communicate their sustainability 

improvement. It is not feasible for an organisation, or any other entity, to adhere to all conceivable 

sustainability indicators. In order to frame the sustainability problem in a manageable way, key 

indicators are identified by which change in sustainability performance is measured. Although an 

organisation could make an effort to identify key indicators by their own, the norm is to follow 

sustainability reporting initiatives such as Global Reporting Initiative (GRI) (Global Reporting 

Initiative 2010), ISO 14000, AA 1000 from AccountAbility (AccountAbility 2010), etc, or less 

voluntary adherence to regulatory initiatives. 

 

Sustainability linked to IS research is an emerging area spurred by concerns about climate change 

and an increased environmental awareness. Important steps to better understand and advance 

research in this area have been taken by Elliot (2007) and Melville (2010) by proposing relevant 

research questions in regards to the role of IS in relation to sustainability. 

 

Despite the fact that Elliot and Melville use different methodologies to identify their proposed 

research questions, the questions are very similar on a conceptual level. Elliot presents a taxonomy 



based on Barki et al.’s (1993) IS research categories, extended to incorporate ICT sustainability. 

Melville has based his research questions by correlating IS research questions in a sustainable 

setting too the Belief-Action-Outcome (BOA) framework for research on sustainability. The 

framework depicts the links between believes in an organizational or societal structure on a macro 

level, via individuals on a micro level or directly to behaviour on macro level in social systems or 

organizations. This behaviour leads to actions and subsequent outcomes.  



 

Examples from Elliot (2007), named Taxonomy for Environmental Sustainability of ICT : 

 

• External environment: economic, legal, political and social.  

• IT hardware and software. 

• Organizational environment, including characteristics, functions and tasks. 

• IS management, including hardware, software, personnel, projects, planning, evaluation and 

other management issues. 

• IS development and operations, life cycles, IS development, implementation and 

operations. 
 

In total Elliot’s taxonomy consists of eight topics of sustainability ICT research. Sustainable 

software development as a research question does fall into all of these at some level. The five 

examples listed above could all be applicable since they all touch on questions relevant during the 

software development life cycle. Those topics that are omitted from the list are relevant but to 

somewhat lesser degree.  

 

Examples from Melville (2010), based on the Belief-Action-Outcome (BOA) Framework for IS 

Research on Sustainability: 

 

• How can different research methodologies, such as life cycle analysis and integrated 

assessment, be applied to examine complex problems involving information systems, 

organizations, and the environment? 

• What is the impact of information systems on beliefs about the natural environment and 

environmental sustainability? 

• What design approaches are effective for developing information systems that influence 

human actions about the natural environment? 

• What is the association between information systems and organizational and sustainability 

performance? 

 

In contrast to Elliot, Melville has chosen to present his proposed research topics as direct questions 

for researchers to explore. In total, Melville put forward ten research questions where two are 

divided into a) and b) giving the total number of twelve. These are in turn divided amongst five 

different domains; philosophical perspective and theory, research methodology and data sources, 

belief, action, and finally outcome. Except for the first domain the others are represented with one 

example from each domain in order, and are selected based on relevance to questions regarding the 

process of software development. As with the examples from Elliot’s taxonomy these examples are 

put forward to show the wide span of research questions that could be investigated based on 

sustainable software development. 

 

In relation to the proposed research questions, software development touches on several of these, 

but does not, due to its fundamental nature within IS answers up to any specific subset of research 

questions. Furthermore, the software development life cycle is fundamental to IS since it reflects the 

process by which the software is created and as a consequence the physical infrastructure to support 

it. 



3 Stakeholder 

According to Fassin (2008); “A stakeholder refers to any individual or group that maintains a stake 

in an organization in the way that a shareholder possesses a share”. The notion of a wide range of 

potential parties that are affected by organizations doings are shared by the concept of triple bottom 

line accounting. Traditionally the success of a corporation is measured by the financial bottom line 

or earnings of the corporation. In triple bottom line accounting the idea is that a successful or 

healthy corporation should also take social and environmental performance into account (Norman & 

MacDonald 2004; Gray 2006) based on John Elkington  (1997; 2001), thus, shifting from a 

shareholder view to a stakeholder view. And it is the idea of a triple bottom line and a multitude of 

stakeholders that is the foundation for sustainability reporting, and in practice this idea has had and 

still has an impact amongst companies as well as legislators (Norman and MacDonald 2004; Gray 

2006). However, both Gray, and Norman and MacDonald are critical, not to the potential good that 

can result from a strive to a more sustainable future, but to the usability of  sustainability reporting 

in Gray’s case and triple bottom line in the case of Norman and MacDonald.      

 

Mitchell et al. (1997) presented a typology that identifies eight different types of stakeholders, 

based on three attributes; power, legitimacy and urgency. This model was later confirmed by Agel 

et al. (1999). Power is basically to what degree a party in a relationship can impose its will, 

regardless of means used to achieve it. Legitimacy represents what is conceived as desirable social 

good. Finally, urgency is the degree to which a stakeholder demand for immediate attention based 

on for example time constraints, perceived importance, etc. A stakeholder may possess one, two or 

three of this attributes. The number of attributes present in a stakeholder determines the 

stakeholder’s salience, with more attributes present in a stakeholder the more salient it is. 

Furthermore, a stakeholder can lose or gain attributes and the extent to which a stakeholder can act 

or influence based on this attributes can change (ibid.). The eight different types of stakeholders are 

categorized as depicted in figure 1 based on the classes of attributes it possesses: 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: Stakeholder typology (Mitchell et al. 1997) 

 
 

In order from least salient to most salient stakeholder:  

 

Nonstakeholders are stakeholders that do not have any power over the activities, any legitimate 

concern, or express any urgency concerning the activity. 

Dormant, Discretionary, and Demanding stakeholders have one of the three attributes thus 

salience will be low. Dormant stakeholders have power they could assert on the activity but little 

reason to do so. Discretionary stakeholders are affected by the activity but do not have any power 
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over it, and no urgent claims. Demanding stakeholders have no power or legitimacy in regards to 

the activity, but still feel a need to express their view on the activity. 

Dominant, Dangerous, Dependant stakeholders have two of the three attributes. Dominant 

stakeholders are an important group with both power and legitimacy and could thereby have a great 

impact on the activity. Dangerous stakeholders lack legitimacy but have power and urgency, 

representatives of this group are usually not under the influence of those with legitimate claims to 

the activity and there by a potential risk to the activity. Dependant stakeholders have both legitimate 

and urgent claims but lack the power to influence the activity directly. 

Definitive stakeholders have all the attributes, power, legitimacy and urgency. These stakeholders 

are often represented by a dominant stakeholder that expresses a need for urgency, thereby stepping 

forward as a definitive stakeholder and as result being the most prioritized stakeholder in regards to 

the activity. Dependant and potentially dangerous stakeholder could also become a definitive 

stakeholder by accruing the missing attribute, power in the first case and legitimacy in the second 

case.  

 

To know how to be more sustainable we have to know how an activity affects its surroundings, to 

know this we have to identify the stakeholders involved in order to identify how they can change 

and/or influence an activity in order to be more sustainable.  

 

The purpose of sustainability reporting is to show that there is a progress towards a more 

sustainable state. From a triple bottom line and stakeholder perspective this is to track sustainability 

changes by indicators that affect stakeholders that do not have the means to influence the activity 

themselves, e.g. dependant and demanding stakeholders, but also to be vigilant for nonstakeholders 

that potentially could acquire stakeholder attributes.   

 

According to this stakeholder view combined with a sustainability outset, to meet the needs of 

affected stakeholders, dominant and definitive stakeholders are those that easiest can affect the 

software development life cycle. These stakeholders assert power and can thereby influence how 

things are done. Enforcing policies, deciding which key sustainability indicators that should be 

prioritised and which indicators that are less feasible or should be ignored all together. Who these 

stakeholders are will change during the development process, and the same stakeholder can gain or 

lose attributes during different activities. Furthermore, power, urgency, and legitimacy are all 

variable; a person can still be dominant, but someone else can step up and be even more so. 

4 Software development activities 

There are a multitude of software development methodologies. All of these methodologies are 

perceived as enabling a path to follow in order to produce the desired software. In retrospect, they 

all have strong points as well as weaknesses, thus the invention of new methods to counter flaws in 

previous methods or to meet new demands. Nevertheless, they share the same purpose, and as a 

consequence can be divided into a few generic activities.  

 

In order to identify the generic activities during the software development life cycle a literature 

review was done (cf. e.g. Galin 2004; Sommerville 2004; Budgen 2003; Pfleeger and Atlee 2006; 

Maciaszek 2007; CTG.MFA-003 1998; Abrahamsson et al., 2002). Each model was then analyzed 

to identify the constituent development phases. Based on these phases, four activities could be 

identified, categorized as follows; planning, construction, testing, and implementation. 



 
Planning: Activities that precedes construction, this does not including the customers (internal or 

external) activities before they become a part of the development process. However, customers are 

often involved in the planning activities during the development.       

Construction: Typical activities are design, coding and other activities tied to the actual production 

of the software, based on the deliverables, or equivalent, from the planning activities.  

Testing: Activities that involves testing, evaluation and refinement of artifacts created during 

construction activities. Testing and construction activities are often closely linked in an iterative 

manner.    

Implementation: The final activity when the developed software is installed or by other means are 

handed over to be used by the customer. In some cases implementation activities are linked to 

testing and construction.   
 

Activity 

Model 
Planning Construction Testing Implementation 

Waterfall 

Model 

• Requirement 

definition 

• Analysis 

• Design 

• Coding 

• Testing • Installation and 

conversion 

• Regular operation and 

maintenance 

Prototyping 

• Requirement 

definition 

• Design 

• Prototyping 

• Creation 

Modification 

• Assessment 

• Refinement 

• System 

implementation 

• Maintenance 

Exploratory 

Model 

• Initial 

specification 

development 

• System 

construction/ 

modification 

• System test • Implementation 

Spiral Model 

• Planning 

• Risk 

assessment/ 

analysis 

• Design 

• Construction 

• Customer 

evaluation 

• Implementation 

Reuse Model 

• Requirements 

• Definition of 

objects 

 

• Collection of 

objects 

• Coding new 

objects 

• Assembly 

• Evaluation • Delivery 

Object-

Oriented 

Model 

• Requirement 

definition 

• Object-

oriented 

analysis 

• Object-oriented 

design 

• Reusability 

survey of 

components 

library 

• System 

construction 

• System 

tests 

• Customer’s 

evaluation 

• Installation and 

conversion 

• Operation and 

maintenance 

Agile Model 

• Requirement 

specification 

• Design 

• Code • Unit test 

• Integration 

test 

• System test 

• Maintenance 

• Implementation 

 
Table 1: Activities in software development life cycle models. 

 



It should be noted that the exact naming of the phases might differ within each model dependant on 

the explicit method used; the naming in table 1 should be viewed as an abstraction to encompass the 

different wordings used by the methods belonging to a specific model. Furthermore, some of the 

models include partly or wholly iterative methods; this iterative nature is not depicted in the table. 
 

During the software development lifecycle many different stakeholders are represented. For each 

activity, several stakeholders can be identified, who or what they represent depend on the actual 

development case, methods applied, parties involved, domestic and international legislations 

applicable, the state of sustainability adherence, etc. In some way or another they have an interest in 

the outcome or success of the undertaking. 

 

By identifying stakeholder that can influence sustainability outcomes, a focal point for efforts that 

can influence activities that has sustainability impact is also identidied. Furthermore, by identifying 

these stakeholders, it will be possible to adapt if circumstances change that calls for new strategies 

to ensure that the sustainability goals will be met, even if the distribution of sustainability impact 

from sub-activities are different. 

5 Sustainable software development 

The challenge when trying to identify factors and activities that can contribute to a more sustainable 

software development is that the development process is built up by many different activities, and 

these activities are often carried out or influenced by many different stakeholders. From a 

managerial point of view, it is the claims of these stakeholders that the managers have to evaluate 

against each other as well as how their claims affect both the development process and 

sustainability change. The purpose of the proposed framework is to aid in the identification of 

sustainability actions based on stakeholder activities in relation to sustainability goals figure 2. By 

identifying stakeholders that are either in a position to impose change in a more sustainable 

direction or stakeholders whose influence over the development enforces a more sustainable 

attitude, sustainability actions can be identified and implemented. 
 

 
Figure 2: Sustainability action framework. 

 

Within each of the four software development activities, potential sustainability actions can be 

identified, correlated to each of the three sustainability areas. These actions can broadly be defined 

as: (1) Binding actions governed by legislation, these should ideally already be taken into 
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consideration, but can potentially still be improved. (2) Strategic actions, such as environmental 

branding and sustainability reporting, these are self governed actions. (3) Practical actions, these are 

actions taken to satisfy claims from primarily dependant and demanding stakeholders to forestall 

future claims backed by more influential stakeholder. Actions taken to appease discretionary and 

even dangerous stakeholders would also fall into this category. 

 

Similarly, by examining each paring of development activity and sustainability area, relevant 

stakeholders can be identified. In order to facilitate sustainability actions relevant stakeholders has 

to advocate change. In accordance with Mitchell et al (1997), dominant and definitive stakeholders 

are those that are in a strong position to implement change. Dormant stakeholders have power and 

could potentially be influenced to support change. Other groups of stakeholders are less likely to be 

able to directly influence and support sustainability actions, although they may be significant for 

other reasons as discussed above. An important factor to relate to is the willingness of a stakeholder 

to advocate change, and in the extreme case stakeholders that counteracts sustainability actions. 

 

 Important stakeholders to a software development project depend on a variety of factors. The 

development method used can influence both the number of stakeholders and the importance of 

stakeholders, e.g. users (Kujala 2003), the organizational structure and size of the development firm 

as well as the customer influence relevant stakeholders, where the involved parties are located in the 

world and compared to each other are relevant to identify important stakeholders, etc. 

 

The purpose of the framework is to identify activities that can be made more sustainable from a 

sustainability onset. In a specific case this requires that; (1) the sustainability indicators in the 

chosen sustainability reporting model is known and understood by the managers, (2) relevant 

activities in regards to the sustainability indicators can be identified within the chosen development 

method, and (3) the managers can identify relevant stakeholders in regards to the activities that can 

advocate the change needed. 

 

In figure 3 some possible actions with positive sustainability change are shown. These changes are 

based on two conditions: First, a set of possible sustainability actions are proposed e.g. based on a 

sustainability reporting scheme. Second, the identified stakeholders that have claims on the project 

and results of the project, e.g. development managers, programmers, the customer, and end users 

are willing to align their claims with sustainability actions. From this a subset of sustainability 

actions are agreed upon. 



 
 

 
Figure 3: Sustainability actions during software development. 

 

Lets consider an example, result shown in figure 3, not all of the stakeholders involved in the 

project where located in close proximity to each other, thus e-meetings was proposed as an 

alternative to physical meetings during some planning activities, this had the benefit of contributing 

to both economical and environmental goals (cell 1 and 5 in figure 3). End user involvement could 

contribute to social goals during planning, testing, and implementation activities by emphasizing 

accepts important to them and thereby, hopefully, the adoption and acceptance of the software (cell 

9, 11 and 12). Since the idea of managing some of the planning activities remotely it was also 

deemed feasible to set up a remote testing environment thus adding an environmental goal to the 

testing activities (cell 7). Finally, the customer proposed to install the software in a virtual server 

environment to save cost on new hardware (cell 4). The empty cells represent that no feasible 

sustainability action where identified. For instance, the virtualizations proposed (cell 6 and 4) could 

influence economical and environmental goals respectively. But due to the existing IT-

infrastructure no such goals were deemed feasible.     

 

The presented example is deliberately somewhat simplistic but it shows that it is possible to ascribe 

sustainability actions and subsequent change to the software development process. In a real world 

example there would most likely exist several sustainability actions corresponding to the different 

cells. This example also lacks the added complexity of weighing positive sustainability actions 

versus negative sustainability actions. 

6 Conclusion   

To be more sustainable is to promote and enforce change that has an effect compared to previous 

comparable activities. The proposed framework supports the identification of such actions. With the 

conclusions drawn in this paper the next step for further research would be to apply the framework 

in a real life case to test its applicability in a practical setting. Furthermore, this would aid in 
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identifying weaknesses in the framework that need more rigorous grounding in both theory and 

practice. 

 

The aim of this paper was to present a framework to assert how a software development process can 

be evaluated to reach sustainability improvements during this process. From this onset, this paper 

argues that the software development life cycle can be analyzed to identify actions to make this 

process more sustainable. Furthermore, this paper argues that, stakeholders that can advocate and 

champion sustainability change are vital to these efforts. Hitherto, it has been IS in use as an enabler 

for sustainability actions, and IS use of hardware and energy that has caught the attention of 

scholars and the public. By considering the sustainability impact of software development, this 

stage in an IS lifecycle can be incorporated into a sustainability life cycle analysis of IS. 
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