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1.Introduction 
Information and communication technologies (ICT) 

constitute a major component at the enterprise level 

and are an inseparable and integral part of modern 

business. Indeed, ICT is closely linked to the 

decision-making process. Moreover, it is very 

difficult to imagine any modern process in a 

company without information systems (IS). In 

addition to being an important and necessary support 

to business processes, IS with information 

technologies are a creative cause for many new and 

business interactions. The synergy between the 

business and the IS follows what business growth 

implies the growth of IS. This also implies a greater 

carbon-based carbon generation [1]. ICT now has a 

new role to play. It helps to create a greener and more 

sustainable environment while providing economic 

benefits. Indeed, computers and other ICT 

infrastructures consume significant amounts of 

electricity, which increase day by day, placing a 

heavy burden on our electrical grids and contributing 

to greenhouse gas (GHG) emissions.  
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In addition, ICT equipment poses ecological 

problems during its production and recycling [2]. 

 

It is true that ICT is considered part of the 

environmental pollution problem, but it can also be a 

solution for environmental sustainability. We can 

harness the power of ICT in innovative ways to 

address environmental issues and make our IS 

increasingly green [3, 4]. The green IT is the study 

and practice of designing, manufacturing and using 

IT tools (computers, servers, monitors, printers, 

storage devices and network management systems 

and communications) with zero or minimal impact on 

the environment [5, 6]. Green IT encompasses 

hardware, software, tools, strategy and practice that 

enhance and stimulate environmental sustainability 

[2]. Green IT has thus gone beyond the action of 

buying and using. It is above the way in which the IS 

are used to reduce the impact on the environment. It 

is an intelligent use of environmental capital. This 

approach leads us to talk about the new concept we 

call “Green balanced scorecard (BSC) BI”. The aim 

is to better exploit the capacity of business 

intelligence (BI) in the field of environmental 

sustainability of information technologies.  Figure 1 

illustrates a synthesis diagram of the problem. 
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Figure 1 Synthesis diagram of the problem 

 

The rest of this paper is organized as follows: in the 

second section a literature review of the three 

concepts: BI, environmental intelligence and green IT 

were presented. In the third section the new green 

BSC BI model with these different axes, and show 

how this new model based on green IT and 

environmental intelligence will constitute an 

alternative to conventional BI by evaluation and 

application of the model were presented. Finally 

concluded and deepen with a synthesis of the 

problem and the research perspectives. 

 

2.Related work 
The latest work was analyzed in this section based on 

the BI, green IT and environmental intelligence.  

2.1Review of literature 
2.1.1Business intelligence 

BI provides an overview of the different activities of 

the company and its environment. In general, the 

term BI is defined as an umbrella term that includes 

the applications, infrastructure and tools, and best 

practices that enable access and analysis of 

information to improve and optimize decisions and 

performance [7]. The organization of BI in the 

company is highly dependent on the organization of 

the company itself. However, BI can have a 

structuring impact for the company, notably by 

formalizing data repositories and setting up a 

competence center [8]. 

BI helps administrators by breaking down 

information from various resources in better basic 

leadership at both tactical and strategic level, for 

customary utilization, conventional data frameworks, 

yet for hierarchical and functional planning [9]. 

 

It allows people in an organization to access and 

analyze data to control the business and improve 

performance to work efficiently [10]. BI can be seen 

as a technology that allows users to access not only 

historical and current data but also to create new 

correlations. These new correlations between basic 

data to produce ideas that are used in companies to 

optimize processes improve customer experience and 

reduce inventory. BI systems generally include on-

line analysis, reporting, data mining, consolidated 

dashboard provisioning, and business performance 

management [1]. 

 

It is thus an approach for the processing, 

enhancement and enrichment of business information 

in the management context, in order to follow the 

opportunities offered by the company and anticipate 

the most crucial risks that may have occurred and, 

above all, make well-founded and more efficient 

economic decisions. 

 

BI is helping to improve the quality of strategic 

planning and to reduce the time spent on decision 

making by improving and accelerating the decision-

making process of a company [11]. It is a managerial 

concept or a tool that is used to control and enrich 

business information and to produce up-to-date 
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knowledge and intelligence for effective and strategic 

decision-making [12]. 

According to Gilad and Gilad [11] there are five key 

tasks in BI: 

 Gathering raw data 

 Assess the validity and reliability of data and 

information 

 Analyzing data and information 

 Store information 

 Share information with decision-makers 

 

According to most researchers and practitioners, 

identify three types of BI have been identified: (1) 

Strategic BI, (2) Tactical BI and (3) Operational BI.  

The real difference between these three types of BI 

application is related to the granularity of the data 

being analyzed and the frequency, at which it is being 

captured, analyzed and reported [13]: 

 Strategic BI: Used by top management and 

financial analysts who are interested in analyzing 

the company’s performance in areas with a key 

role in reaching the strategic objectives. 

 Tactical BI: Focuses on reaching the tactical 

objectives defined for the strategic goals. 

 Operational BI: Used to manage and optimize 

daily business operational transactions 

 

Even if BI helps managers by analyzing data from 

different resources in better decision making at both 

strategic and tactical levels, little research available 

on exploiting the benefits of BI in sustainable 

development. The presented models do not take into 

account the sustainability aspect (CSR and Green IT) 

in the BI approach. 
2.1.2Environmental intelligence 

Over the last years, the interest in the concept of 

corporate social responsibility (CSR) has grown, both 

from a theoretical point of view, to explain this 

observation, and operational, in the sustained efforts 

of the different stakeholders in the company to 

develop long-term performance indicators [14]. 

 

The World business council for sustainable 

development (WBCSD) talks about the business 

contribution to sustainable economic development, 

working with employees, their families, the local 

community and society at large to improve their 

quality of life. 

 

Indeed, most definitions of CSR describe this concept 

as the voluntary integration of companies' social and 

ecological concerns with their business activities and 

their relationships with their stakeholders. Being 

socially responsible means not only fully satisfying 

the applicable legal obligations, but also going 

beyond and investing "more" in human capital, the 

environment and stakeholder relations [15]. 

 

Today, companies are increasingly conscious about 

the environmental and social stakes, like the need for 

protecting an environment in constant degradation 

and the promotion of safety or health of the workers. 

The company is not regarded any more solely as one 

marketing and production equipment having for goal 

the realization of financial profits, but also entity with 

the service of societal progress having for mission the 

realization of the wellbeing of all [16]. The role of 

the company, thus gradually widened: the mission of 

the company is not limited only any more to the 

attack of financial objectives to satisfy its 

shareholders in the short or medium term, but it 

includes also today societal concerns which aim at 

promoting the durability of the company and its 

longer-term environment. In parallel with this 

evolution of the company's role in society, the 

company's performance concept has changed: the 

traditional vision of the performance which is limited 

to a financial vision in the short run of the company 

is gradually replaced by a broader vision, more total 

and three-dimensional of the performance [17], 

which includes the achievement of not only the 

economic objectives of the enterprise but the three 

categories of sustainable development objectives 

(economic, social and environmental). 

 

Sustainable development is a development that 

allows present generations to meet their needs 

without compromising the ability of future 

generations to meet their own needs. This is the 

definition in the report of the World Commission on 

Environment and Development of the United 

Nations, known as the Brundtland Report, where this 

expression first appeared in 1987. 

 

Sustainable development, since the Rio conference, is 

also represented by the integration of three spheres, 

according to "three pillars": 

 The environment 

 The economy 

 The social 

 

The three spheres of sustainable development, 

combining the three objectives of economic 

efficiency, environmental protection and social 

equity within a framework of good governance was 

shown by Marc and Hossam [18]. 
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It is in the same logic that Dyllick and Hockerts 

propose a dominant typology in the field of CSR 

which comprises three progressive categories of 

responsible behavior [19], namely:  

 Eco-efficiency or economic efficiency: Make 

efficient use of resources to reduce the 

environmental footprint. 

 Eco-equity: Balance the medium-and long-term 

needs of society and the company in terms of 

natural resources. 

 Eco-efficiency: Rethinking processes and 

organizational structures in order to eliminate 

environmental nuisances. 

 

The interests in a sustainable development approach 

for a company are as follows [20]: 

 Preventing and controlling environmental and 

social risks 

 Meet the requirements of clients and contractors 

 Increase overall performance: environmental, 

social and economic 

 Innovation, a competitive advantage and an 

increase in the value of the brand 

 Anticipate or comply with regulatory constraints 

 Mobilizing employees to engage in a voluntary 

and responsible approach 

 Meeting expectations and strengthening its 

relations with its stakeholders: customers, 

suppliers, employees, shareholders, local 

authorities, civil society, NGOs, associations, etc. 

 
2.1.3 Green IT 

Many scientific studies and reports offer the 

obviousness of the climate change and its potential 

harmful effects. Specifically, the increasing 

accumulation of gas with greenhouse effect (GHG) 

changes the world climate and the weather 

conditions, the creation of the drought in some 

countries and floods in others and the increase 

continues of the total temperature. This poses serious 

world problems like the drought and other disasters 

due to the more serious and frequent atmospheric 

conditions [2]. Moreover, to stop the accumulation of 

gas with GHG in the atmosphere, of the world 

emissions should cease increasing and being reduced 

by 60% astonishing current levels by 2050 [21]. 

 

It is true that ICT are a major component at the 

enterprise level and are inseparable and integral to 

modern business, but they also have negative effects 

on the environment because they consume resources 

for production, energy in use and generate waste at 

the end of its life [22]. Indeed, ICT are responsible 

for 2% of global carbon emissions, as much as civil 

aviation (Gartner Group, 2007 [7]). Companies now 

take into account the environmental impacts of their 

IS [23], and are increasingly committed to adopting 

ICT as "Green IT". 

 

The green IT principle began in 1992 when the US 

environmental protection agency (EPA) launched the 

"Energy Star", a voluntary labeling approach to 

identify the energy efficiency characteristics of 

equipment and to promote products of optimum 

efficiency in order to reduce greenhouse gas 

emissions [24]. 

 

Green IT is related to the study and practice of 

designing, manufacturing and using computer tools 

(computers, servers, monitors, printers, storage 

devices and network management systems and 

communications ), with zero or minimal impact on 

the environment [5, 6]. Green IT is also about the use 

of ICT to support, help and increase other 

environmental initiatives and to help create a "Green" 

awareness [6]. It encompasses the hardware, 

software, tools, strategies and practices that enhance 

and stimulate environmental sustainability [2]. 

 

Green IT is a collection of strategic and tactical 

initiatives that allow [25]: 

 Directly reduce the "carbon footprint" of 

operations related to an organization's information 

system. 

 Use IT services to help reduce an organization's 

overall "carbon footprint". 

 Motivate and support greener behavior by 

employees, customers and suppliers of an 

organization. 

 Ensure the sustainability of resources used by IT. 

 

According to the contribution of ICTs to the 

achievement of the objectives of sustainability: eco-

efficiency, eco-equity and eco-efficiency [26], 

typologies of practices of green IT have been 

distinguished as follows [27]:  

 Green IT 1.0: Green for IT: This is the set of 

methods, software, hardware, services and IT 

processes that reduce the environmental footprint 

of ICT through an eco-responsible approach. 

Namely the saving of energy consumption and 

waste management. It is like the case of 

virtualization and dematerialization. 

 Green IT 1.5: Organizational optimization, 

reducing the impact of human organizations 

(companies, communities, cities, etc.) through 

communication tools (networks, telephony, etc.). 
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This implies a prior dematerialization of the 

processes. For example the video conferencing. 

 Green IT 2.0: IT for Green: the use of ICT to 

reorganize and optimize products and business 

processes according to their environmental 

footprint. 

 

From these three typologies, a distinction can be 

made between the more or less advanced types of 

green IT practices; this is the crossing of the sphere 

of IT or that of the company and the nature of the 

change of objectives of durability [27]. 

 

3.Materials and methods 
In this section, we detail the new green BSC BI 

model with these different axes, and show how this 

new model based on green IT; BSC and 

environmental intelligence will constitute an 

alternative to conventional BI, after our model was 

applied in a use case. 

 

3.1Proposal of the new green BSC BI model 

As mentioned in the introduction, ICTs are 

considered part of the problem of environmental 

pollution; they now have a new role to play. It helps 

to create a greener and more sustainable environment 

while providing the economic benefits of the 

business. The principle is to exploit the power of ICT 

in an innovative way in order to face environmental 

problems and make increasingly green [3, 4] by 

introducing the concept of sustainable development 

into the decision-making process (Business 

Intelligence) as a key element in contributing to 

green IT. It should also be noted that sustainable 

development requires decision-making and 

collaborative tools to guide the organization's 

approach in this field [28], i.e.: 

 Measure and monitor the deployment of the 

approach. 

 Communicate, educate and train employees. 

 Integrate, and even anticipate, regulatory 

developments. 

Sustainability measurement relies on key 

performance indicators (KPIs), relating to the 

consumption of energy, water and waste, etc. It also 

requires monetary information on the costs and 

savings of the environment. This type of information 

is essential if we want to understand the causal 

relationships between the different actions that can be 

taken and their impact on sustainable performance. 

Hence the idea of exploiting the power of BI in the 

context of green IT. Moreover, practitioners consider 

BI as the result of technologies that are well placed to 

be used in environmental initiatives of the 

organization [29]. 

  
On the other hand, there is a common trend of 

organizations adopting new practices such as green 

IT, but they have not followed up on the success of 

the implementation of these practices. This type of 

work usually results in large investments and low 

consequences for companies. To solve this, they 

proposed for future research, developing a clearer 

picture on how to align the company's goals with the 

implementation of green IT and measure its success. 

To this end, they proposed the creation of a BSC for 

the implementation of green IT [30]. 

 

Our new model, called "Green BSC BI", will be 

based on four main axes: green IT, BI, environmental 

intelligence and BSC. It is to harness the power of BI 

in green IT based on BSC. This will then expand 

existing models of green IT. The axes of this new 

model green BSC BI was presented in the Figure 2. 

 

Based on the four axes of this new model, the main 

objectives proposed are as follows: 

- Sustainability reporting 

- Integrated reporting 

- Environmental performance management 

 

A new BSC approach to implement the “Green BSC 

BI” dimensions was proposed. Our approach 

integrates environmental and societal strategy into 

the decision-making process. Figure 3 summarizes 

the components of our new model and the interaction 

with these different axes. 

 

The expansion and use of BI to progress in the 

environmental objectives of the organization will 

benefit both the environment and the company. This 

is because the combination of BI with environmental 

factors results in an approach that is not based on the 

treatment of carbon reduction only as a cost to 

business. Instead, the approach of environmental 

intelligence groups BI tools and techniques to 

achieve business efficiency and environmental [1]. 

The environmental intelligence collects all resources 

available to the organization and applied to reduce 

the organization's carbon emissions without 

sacrificing its main core objectives. The 

environmental intelligence also allows an 

organization to have an overview of its carbon 

performance and opportunities for improvement in 

his behavior [1].  
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Figure 2 Axes of the new green BSC BI model 
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Figure 3 The new model “Green BSC BI” 

 

BI is becoming a formidable tool for providing 

governance information to all stakeholders by 

incorporating the company's own indicators as well 

as those of suppliers, investors and customers. In 

addition to the BI part, our model takes into account 

the environmental and societal issues of green IT for 

a wider set. It will also integrate or balance 

economic, social and environmental considerations 

within the same performance model. 

3.2Evaluation and application of the model 

The theoretical "Green BSC BI" model proposed in 

this work has allowed us to provide a useful 

framework for examining the potential of 

implementing green IT and environmental initiatives 

for BI management. The proposed model is the first 

attempt to synthesize a theoretical foundation that 

helps companies to assess their potential for green IT 

initiatives through BI processes. 

 

This paragraph represents a case study of an 

agricultural company falling within the set of CSR 

indicators defined in the strategy of the general 

management, to monitor and measure corporate 

social responsibility and sustainability. First, the 

indicators identified was presented in our case study 

(Table 1) and the limits of the current state, then the 

objectives of the implementation was described of the 

new model to address the limitations encountered. At 

the end the different categories of indicators based on 

the new model was proposed (Table 2). 

 

Based on the analysis of the current situation and 

these indicators, the following limitations were 

identified: 

 Limited to social and environmental aspects  

 Does not envisage the correlations between the 

social aspect and green IT  

 Does not address ethics and governance  
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 Does not specify how these indicators are 

selected? Which ones are the most important? 

 Does not discuss ethics 

 Does not explain how defined indicators will be 

integrated into the existing management system? 

 

Our goal with the application of our new model is to 

exceed these limits encountered and to benefit from 

other advantages, namely: 

 Have a procedural method  

 Standardization the indicators of corporate social 

responsibility and sustainability 

 Construct the green BSC BI around the four 

perspectives: finance, stakeholders, future 

orientation and processes  

 Integrates green IT measures within the four 

perspectives of the scorecard  

 Integrate into the core management system.  

 Simplicity of design and easy to replicate  

 

After the application of our new model, the selected 

category of indicators was summarized in Table 2. 

 

 

Table 1 Indicators corporate social responsibility and sustainability in our case study 

Indicators Definition 

Energy consumption Index to measure consumption of :  

Generator 

Boiler 

Agricultural rolling stock 

Pumps 

Electricity 

Fuel oil 

Diesel fuel 

Irrigation water consumption Index to measure water consumption 

Compost consumption Index to measure consumption of compost 

Fertilizer consumption A measure of fertilizer consumption 

Consumption of phytosanitary products Index of phytosanitary products consumption 

Organic production A measure of organic production 

Releases A measure of : 

Plastic mulching 

Empty packaging 

Obsolete stocks 

Cards 

Used oils 

Tires 

Social actions Index of social actions 

Renewable energy Energy produced by a renewable source 

 

Table 2 Case study: application of the new model 

BSC's dimensions Category of indicators 

Customer perspective  Improve company’s environmental image 

Manage social pressures 

Customer satisfaction 

Financial perspective Reduce energy costs 

Reduce operational costs 

Internal processes perspective Improve IT asset lifecycle 

Reduce data center environmental impact 

Reduce energy consumption 

Reduce resource consumption 

Processes with suppliers and the third parties in general 

Employee learning & growth perspective Improve employee awareness of green IT 

Implement environmental management standards 

Make IT sustainable 

Training and evolution 
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3.3Results 

The objective of our model is that the company's 

performance is not considered just on economic 

results, arguing that the valuation should include non-

financial indicators, considering relationships with 

employees, customers and other stakeholders. The 

new indicators measure the company's performance 

in the context of its sustainability and responsibility. 

Measuring business sustainability involves measuring 

the extent to which businesses integrate economic, 

environmental, social and governance factors into 

their business and the impact of their activities on 

their environment. 

 

4.Conclusion and future work 
This paper describes the new green BSC BI model 

that combines green IT, BI and BSC to better harness 

the power of ICT in the field of green IT based on the 

BSC concept. This can help in answering the 

following main questions: 

 How can the impact of ICT be reduced on the 

environment? 

 How can these technologies, on the other hand, 

contribute to sustainable development? 

 Could ICT allow other sectors to reduce their 

impacts while controlling those associated with 

their own growth? Should ICTs carry a double 

responsibility? 

 What are the KPIs to be followed? 

 Who are the stakeholders in the green IT process? 

 

The term green IT has been used to describe a 

process of continuous improvement aimed at 

reducing the environmental, economic and social 

impact of ICT. 

 

Our work in this paper presents the current situation 

of the components of the Green BSC BI model. This 

provides a basis for defining measurement and 

reporting frameworks, establishing KPIs and baseline 

measures, and creating a monitoring program to drive 

continuous improvement of green IT.  

This contribution constitutes a first phase of a 

research work for the development of a new model of 

BI of new generation based on green IT. 

 

Sustainable development has become a key part of 

organizational policy and corporate social 

responsibility, enabling the principles of a more 

sustainable world to be embodied in a process of 

continuous improvement. 

 

Future suggestions based on this work are as follows: 

 Research is needed in the direction of the 

limitations of existing BI tools that are used for 

sustainability issues. 

 Work is needed in the direction of integration of 

proposed green BSC BI model with existing BSC 

of the organizations. 

 Research in the direction of KPIs of the new green 

BSC BI model is needed.  
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