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ABSTRACT 
Context: Green software engineering (GSE) is a research area 

gaining reputation to develop green and sustainable software. 

Whereas software multi-sourcing is the allocation of software 

development processes to external (offshore) multiple vendors 

in order to reduce cost, improve quality, and minimize the 

development time. Green software multi-sourcing is a recent 

research area which lies at the intersection of both the 

aforementioned research areas.  

Objective: The objective of this study is to develop 

systematic literature review (SLR) protocol to identify 

practices/solutions to assist software multisourcing vendors in 

the development of green and sustainable software.  

Method: We have used systematic literature review (SLR) 

process as research methodology and have developed the SLR 

protocol.  

Outcome: The expected outcomes of the implementation of 

SLR protocol will be the identification of solutions/practices 

for multisourcing vendors in the development of green and 

sustainable software in multi-sourced projects. 
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1.  INTRODUCTION  
This section presents a review of the various research related 

to green and sustainable software development. We have also 

considered state-of-the-art research trends. The objective is to 

summarize and discuss the results of each study in order to 

better understand the problem context.  

Green and Sustainable Software has been defined in the 

literature as “The software, whose direct and indirect negative 

impacts on economy, society, human beings, and environment 

that result from development, deployment, and usage of the 

software are minimal and/or which has a positive effect on 

sustainable development” [1, 2]. Where Green and 

Sustainable Software Engineering is the art of developing 

green and sustainable software engineering process [3]. 

Various components of green and sustainable software are 

shown in Figure 1.1. Currently many efforts have been done 

in obtaining green and sustainable software in general context 

[2, 4-8]. Software which has longer life time is considered as 

sustainable software. According to [9] the term sustainable 

applies to both longer life and greener aspects of software. 

Our focus in this thesis is specific to the development of green 

and sustainable software in multi-sourced software projects, 

which is explained in the subsequent sections. Some 

associated broad areas terms with Green Software are Green 

Computing, Green IT, Green Hardware, and Green 

Infrastructure. In order to transfer the general concept of green 

and sustainable into the computer systems (hardware as well 

as software) the term green or sustainable computing is used 

[10, 11]. Green computing can be defined as the practice of 

maximizing the efficient use of computing resources to 

minimize negative impact on environment[12, 13]. 

In other words, green computing or green IT is the study and 

practice of designing, manufacturing, using and disposing 

computing resources efficiently and effectively with minimal 

environment damage [14]. In [15], the authors define green 

computing as “environmentally sustainable computing which 

studies and practices virtually all computing efficiently and 

effectively with little or no impact on the environment”. 

According to Tushi and Bonny [16] “green computing is the 

practice of implementing policies and procedures that improve 

the efficiency of computing resources in such a way as to 

reduce the energy consumption and environmental impact of 

their utilization”. The current literature defines the term green 

IT in variety of ways. According to C. Calero and M. Piattini 

[10] the term green IT denotes the connection between energy 

efficiency and IT. In [10, 17], the term green IT has been 

defined as “the study and practice of designing, 

manufacturing, and using computer hardware, software, and 

communication systems efficiently and effectively with no or 

minimal impact on the environment”. 

According to [18] the goal of green IT is to yield as less 

possible waste throughout the lifecycle of IT including 

(development, operation and disposal). The best use of ICTs 

to manage enterprise activities in eco-friendly manner 

comprising its product, services and resources throughout 

their life cycle is the focus of green IT. The principal 

objective of green IT approach is to decrease the energy 

consumption, uphold the operational costs and minimize 

environmental impacts [16]. Though, it is noteworthy that 

there are two aspects of Green IT. Primarily, IT can be the 

reason of ecological problems, and otherwise IT can be used 

to resolve ecological problems [16, 19]. According to 

Donnellan et al., [20] the terms green IT and green computing 

are same. Two key paybacks of green IT are, ecological 

benefits and cost saving benefits. According to S.S.Shenoy 

and R. Eeratta [6] infrastructure plays an important role in the 

development of software in eco-friendly manner i.e. use 

meeting rooms with natural lights, avoid the of air-

conditioners, minimize the travelling and use modern ICTs 

tools, establish paperless offices, use the concept of cloud 

computing in the software development houses. Till recently, 

the larger portion of the efforts done in the era of Green IT 

was linked to hardware, concentrating mostly on improving 

the hardware energy efficiency. Thus it is obvious that 

research work needs to focus on the software aspect of Green 

IT as well [10, 18]. The tendency has been changed in the last 

few years, and research on the new theme of „Green Software‟ 

is emerging. In this study we have focused on the 
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development of green software in multi-sourced software 

projects from vendor‟s perspective. 

It is argued that the existing research mainly focuses on 

hardware-oriented solutions for environmental sustainability. 

However, few have focused on software sustainability [21].  

Literature shows that some researchers have worked on the 

various aspects of green software and highlighted the 

importance of green software development in general [22-24]. 

These studies are reported as follow: 

Imtiaz and Mahmoud [3] have presented a green model with 

two levels, for sustainable software engineering, the first level 

presents guidelines for green software development. While the 

second level is comprises of approaches taken by software 

itself to subsidize to green software development. 

Furthermore the authors have classified how each software 

engineering phase could be ecologically sustainable through 

green processes and guidelines hence ending up with a 

green/sustainable software product. Finally the authors have 

suggested the relevant metrics for measuring the greenness of 

each phase of the software development. The authors have 

categorized the identified approaches/concepts into five 

categories. Lastly, the authors have related both levels to each 

other for the development of green and sustainable software. 

K. Erdelyi [18] has presented sustainability guidelines for 

developing sustainable software/green software. The study has 

suggested that throughout the software development life cycle 

the various activities should be examined in order to support 

ecological sustainability. The author father recommended that 

both software and software development should support 

environmental sustainability. The study has also proposed the 

need for further investigations on the green and sustainable 

software development. 

GREENSOFT model for sustainable software has been 

proposed by S. Naumann et al., [2], the model supports 

software developers, administrators, and software users in 

creating, maintaining, and using software in a more 

sustainable way. This model has covered the software 

development life cycle from cradle-to-grave. GREENSOFT 

model also supports sustainable software engineering 

methods, sustainable software design and development, as 

well as suitable supervision. The final module of the model 

comprises tools and recommendations to support stakeholders 

(developers, administrators and users) with different 

professional skill level in applying green and sustainable 

methods in general. 

Shenoy and Earatta [6] have offered green software 

development model along with some guidelines and practices 

that support sustainability. The authors have suggested 

changes in the existing software development life cycle 

(SDLC) and have proposed appropriate guidelines which 

support green and sustainable software development, 

products, processes and technologies.  

R. Ahmad et al., [25] have conducted a systematic literature 

review on sustainable development in software engineering to 

identify the research trends, limitations, approaches, methods, 

and available studies in this area. The authors argue that few 

studies are available on sustainability in software engineering 

whereas the concept of sustainability is very vigorous in other 

disciplines. The authors have also suggested future work to 

investigate the evaluation method for measuring sustainability 

in software engineering. 

However, little attention has been paid to the development of 

green software in multi-sourced projects. Multi-sourcing is a 

modern paradigm in software outsourcing domain which 

offers the benefits of using multiple vendors for the 

development of software in a shorter time span. The 

outsourced software is developed in modules/components by 

various software vendors to expedite the development process 

[26]. Consequently, Green Software Multi-sourcing has 

developed a new area of research interest in Global Software 

Engineering domain in order to develop green and sustainable 

software in multi-sourced software development projects. 

Research in this area will assist multi-sourcing industry to 

deliver green software in general and to gauge vendors‟ 

readiness for the development of greener software in 

particular. For this purpose we have proposed Green Software 

Multi-sourcing Readiness Model. The proposed structure of 

the model has been published [27]. In this paper we have 

presented our systematic literature review (SLR) protocol. 

The preliminary results of the SLR protocol are also 

presented. 

2. RESEARCH METHODOLOGY 
For the identification of green and sustainable software 

practices, we followed the systematic literature review 

guidelines [28]. Development of SLR protocol is the first 

phase of SLR methodology and has been discussed in the 

subsequent sections. 

3. SYSTEMATIC LITERATURE 

REVIEW PROTOCOL 
The Systematic Literature Review (SLR) protocol is a set of 

tasks that have to be performed in order to answer the research 

question listed in the sub-section 3.1. Our review protocol is 

made of six components i.e. research questions and 

constructing search terms, literature search strategy, literature 

selection criteria, literature quality assessment, Data 

extraction, data synthesis. Each component is described in the 

following sections. SLR is considered to be a prominent 

research method in the field of software engineering and 

Computer Science [29-31]. We have followed all the SLR 

guidelines [28] by initially developing the SLR protocol as we 

did in our previous work [32]. 

3.1 Research Question 
The core objective of this resarch study is to find out state-of-

the-art practices for green and sustaianble software 

development in multi-sourecd software projects. In order to 

achieve this goal; we outlined the following research question 

(RQ): 

RQ1: What are the practices, as identified in the literature, to 

be adopted by software multi-sourcing vendor organizations 

which can contribute towards the development of green and 

sustainable software? 

3.2 Constructing Search Term 
The following details will help in designing a search term 

relevant to our research questions.  

Population: Software Multi-sourcing Vendor Organization 

Intervention: practices/solutions 

Outcomes of relevance: Practices/Solutions for Green 

Software Development. This will provide input to the 

development of our proposed, Multi-sourcing Readiness 

Model (GSMRM) [33]. 
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Experimental Design: Systematic literature review, empirical 
studies, theoretical studies, case studies, expert„s opinions. 

3.3 Search strategy and search 
The following search strategy is used for the construction of 

search terms.  

a) Use the Research Questions for the derivation of 

major terms, by identifying population, intervention 

and outcome;  

b) For these major terms, find the alternative spellings 

and synonyms;  

c) Verify the key words in any relevant paper;  

d) Use of Boolean Operators for conjunction if the 

database allows, in such a way, to use „OR‟ operator 

for the concatenation of alternative spellings and 

synonyms whereas „AND‟ for the concatenation of 

major terms. 

We have designed the following two search strings for 

searching our selected online digital libraries.  

λ1: (“Green software” OR “sustainable software”) AND 

(“practices” OR “solutions” OR “techniques”) AND (“multi-

sourcing”) 

λ2: (“Green software” OR “sustainable software”) AND 

(“practices” OR “solutions” OR “techniques”) 

Where λ1 denotes search string to retrieve empirical studies 

regarding the practices for the development of green software 

multi-sourced software projects, while λ2 denotes search string 

to retrieve empirical studies regarding the practices for the 

development of green software in general context. The results 

of search string (λ1) were very poor and almost negligible as 

shown in Table 1. Consequently we decided, to implement 

search string λ2 after detailed discussions with experts of the 

software engineering research group (SERG-UOM) at the 

university, to implement search string λ2. The search results of 

λ2 are showed in Table 2. The practices, identified through the 

SLR (using search string λ2), will be validated through 

empirical studies in multi-sourcing software industry in order 

to know whether these findings are applicable specifically, or 

can be adopted, in software multi-sourcing environment. 

Moreover limited numbers of empirical research studies have 

been conducted in the context of GSD in general and software 

multi-sourcing in particular [34]. 

Table 1 λ1 results 

Digital Libraries  Total publication Found 

Science Direct 00 

ACM 00 

IEEE Xplore 00 

Springer Link 02 

Google Scholar 14 

Total 14 

Table 2 λ2 results 

Digital Libraries  Total publication Found 

Google Scholar 429 

ACM 164 

IEEE Xplore 114 

Springer Link 149 

Science Direct 16 

Total 872 

3.4 Resources Searched 
The following digital libraries and databases have been 

searched, using λ2 as a search strings.  

 Google Scholar 

 ACM 

 IEEE Xplore 

 Springer Link  

 Science Direct 

3.5 Publication Selection 
The main purpose of the publication selection procedure is to 

choose only those search results which are relevant to our 

research questions.  

The following inclusion and exclusion criteria have been used 

for the relevant literature selection. 

1)  Inclusion Criteria  
 Research studies and articles that are related to our 

research questions. 

 Research work that describe green software in multi 

sourcing environment/General context. 

 The research papers/ articles /books/review paper is 

in English Language. 

 The article/paper is available in full text. 

 Research papers that describes success factors, risk 

factors and practices of green software development 

in multi-sourcing/General context. 

2) Exclusion Criteria 
 Article/papers/books etc. that do not fulfill inclusion 

criteria as mentioned above will be excluded. 

3.6 Publication Quality Assessment 
The main purpose of quality assessment is to check and assess 

the quality of finally selected papers. The quality checklist 

contains the following questions:  

a. Is the objective of the research is clearly defined?  

b. Is the conclusion of the research is related to the 

objective of the research? 

c. Whether the term green software in multi sourced 

projects/General software development context is 

discussed clearly? 

d. Is it clear how the practice/solution was identified?  

e. Each of the above questions will be marked as 

„YES‟, „NO‟, or „N.A‟. 

Apart from the above quality criteria we will also use the 

following quality criterion, for further analysis, which is based 

on our own experiences. We have used the same criteria in our 

previous research [35]. 

Criteria for A-Quality papers: In this category we list those 

papers which fulfill the following criteria's: 

 Paper published in impact factor Journal  

 Having clear methodology  

 Having sample size of the following condition  

a. Case Study ≥ 3  

b. Interviews ≥ 12  

c. Survey ≥ 50  
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d. Literature Review ≥ 50  

Criteria for B-Quality papers: In this category we list those 

papers which fulfill the following criteria's:  

 Paper published in well reputed conference  

 Having clear methodology  

 Having sample size of the following condition 

 a. Case Study = 2 

 b. Interviews: ≥ 5and ≤ 11  

c. Survey: ≥ 30 and ≤ 49  

d. Literature Review: ≥ 30 and ≤ 49  

 Criteria for C-Quality papers: In this category we list those 

papers which fulfill the following criteria's:  

 Experienced reports/ articles, published in less 

reputed venues (Journal, Conference) 

 Having clear methodology  

 Having sample size of the following condition  

a. Case Study: 1  

b. Interviews ≤ 5  

c. Survey: ≥ 1 and ≤ 29  

d. Literature Review: ≥ 1 and ≤ 29 

3.7 Data Extraction Process 
The process of extracting data from finally selected relevant 

literature is called data extraction. The core aim of our 

protocol is to extract the data which satisfies our research 

question. A data extraction form has been generated to extract 

data from each of the finally selected paper. The data 

extraction form contains attributes, such as, Date of review, 

paper id, paper title, methodology, library, practices/solutions 

etc. The extraction will be commenced by the primary 

researcher (the first author), who will be responsible for the 

data extraction. A secondary reviewer/supervisor (the co-

author) will be approached for guidance in case of an issue 

regarding the data extraction. The secondary reviewer will 

select few publications randomly from the list of publication 

already chosen by the primary reviewer. The secondary 

reviewer will independently extract data from the randomly 

selected publications. The results will then be compared with 

the results produced by the primary reviewer. We have used 

similar approach in previous research [36]. 

3.8 Data Synthesis 
The analysis of extracted data from finally selected papers is 

called data synthesis. For the RQ1, the data will be 

synthesized by creating one summary table having the 

columns (S.No, Factors/practices, Frequency, Percentages) 

showing the list of all the factors along with their frequencies 

and percentages.  

4. RESULTS OF SYSTEMATIC 

LITERATURE REVIEW PROTOCOL 
The protocol preliminary search results are shown in Table 3. 

The protocol has retrieved total N=872 research papers. From  

which N=123 were selected initially by reading title and 

abstract of the papers. Finally we selected 44 research papers. 

After merging the papers of our previous SLR protocol [37] 

we got a final list of N=102 research papers. These results are 

shown in Table 3. We are now in the process of data 

extraction. The expected outcomes of the SLR will be the 

identification of practices/solutions that can contribute 

vendors towards the development of green software in multi-

sourced projects. 

Table 3 preliminary results of the protocol 

Digital 

Libraries  

Total 

publication 

Found 

Initial 

selection 

Final 

selection 

Google Scholar 429 47 19 

ACM 164 29 12 

IEEE Xplore 114 20 04 

Springer Link 149 23   06 

Science Direct 16 04 03 

Total 872 123 44 

Total papers through  previous SLR: 58 

Total papers through SLR-P: 44 

Final sample size after merging SLR results with SLR-P: 

(N=102) 

 

5. CONCLUSION AND FUTURE WORK 
Software development multi-sourcing is emerging global 

software engineering (GSE) paradigm for producing quality 

software at minimum cost and time, by hiring more than one 

software vendors. Consequently, green software multi-

sourcing has raised a novel research area in the context of 

GSE domain which aims to produce greener software in 

multi-sourced software development projects. Research in this 

area will assist multi-sourcing industry to deliver green 

software in general and to gauge multisourcing vendors‟ 

readiness for the development of greener software in 

particular. In this paper we have presented our SLR protocol 

to identify practices/solution for green software development 

in multi-sourced projects.  During implementation of the 

protocol, we have identified (N=872) research papers out of 

them (N=123) has been selected initially by reading title and 

abstract of the papers. We have shown the search results of 

the protocol in Table 3. We are now in the process of data 

extraction. The expected outcomes of the SLR will be the 

identification of practices/solutions that can contribute 

towards the development of green software in multi-sourced 

projects. Our ultimate goal is to develop Green Software 

Multi-Sourcing Readiness Model (GSMRM) [33]. 
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