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This thesis seeks to determine the potential impact factors from ICT regarding environmental 

sustainability in ICT and identify the potential metrics that would provide reliable 

information and serve as evidence. This research was carried out in a real-case scenario from 

the business context with the collaboration of a Finnish company from the automotive sector. 

The study employed interviews and a focus group as methods for primary data collection. 

The participants are managers and specialists from the ICT department. The analysis 

technique used is the deductive thematic analysis and pattern matching. The focus group 

findings served as a triangulation method for the results. The LES model (Hilty and 

Aebischer, 2015) was chosen as the framework for this research.  

Results showed that media substitution is the most present type of resource substitution from 

both the production and consumption perspectives and that process optimization presents a 

significant possibility for advancement. Multidisciplinary cooperation between specialists in 

sustainability, logistics/production, and IT is necessary to take advantage of this impact 

element. Cybersecurity is the biggest drawback for the externalization of control type of 

resource replacement. Further, ICT Sector Guidance Reporting Standard, ISO14064, and 

ISO50001 can be used as benchmarks to assess ICT vendors and resource utilization. Future 

research should focus on quantification of the environmental impacts of ICT, electricity 

consumption analytics, and developing a decision-making tool with environmental 

sustainability as criterion to help managers choose suppliers. 
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1. Introduction 

1.1. Background and Motivation 

Economic development, environmental degradation, and climate change are among the 

principal challenges the global society faces in the 21st century (Stephenson et al., 2013).   

Climate change is a major and urgent issue, and there is a scientific consensus that human 

activity negatively contributes to the problem (Banuri, Opschoor and Affairs, 2007; Rashed 

and Shah, 2021). Global fossil CO2 emissions increased in 2022, even above the pre-

COVID-19 pandemic (2019) level (Friedlingstein et al., 2022). The concentration of CO2 in 

the atmosphere is set to reach 417.2 ppm (parts per million) in 2022, 51 % above pre-

industrial levels (Friedlingstein et al., 2022).  

The negative effects of climate change are an environmental issue and a problem for 

economic development because investment could reduce proportionately, which would have 

a negative impact on future productivity (capital accumulation effect) and future 

consumption per person (Fankhauser and Tol, 2005). Managing constant economic 

development while mitigating climate change is a burdensome task that requires 

collaboration from the international community (Ma and Jiang, 2019). In 2015, the United 

Nations Organization launched the agenda for 2030 and the sustainable development goals 

(SDGs), among them the ambitious but necessary target to reduce emissions by 45% by 2030 

and reach net zero by 2050 (United Nations, 2015). In order to achieve this goal, an alliance 

of countries, cities and businesses are joining the net-zero (carbon neutral) initiative. More 

than 3,000 businesses and financial institutions are continuously working to reduce their 

emissions in line with climate science (United Nations, 2022). 

In this context, it is clear that the private sector is one of the key stakeholders for sustainable 

economic development and the accomplishment of the SDGs (Rashed and Shah, 2021). 

Although the implementation of the SGSs currently depends merely on voluntary efforts 

(Elder and Olsen, 2019),  the advancements in international environmental law function as 

a mediator between environmental conservation and economic growth by creating their 
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concepts, legal principles, international administrative regulations with regard to the 

accomplishment of the SGS’s (Kawamoto, 2020).  

A sustainable business implies that a specific organization creates, delivers, and captures 

value in economic, social, cultural, or other contexts,  while minimizing to the most extent 

it’s negative impacts. Various industries and businesses have innovated and utilized the 

sustainable business model to scheme a market-oriented business that can provide win-win 

solutions to several stakeholders (Nosratabadi et al., 2019). Information and 

Communications Technology (ICT) has been an enabler for innovations and sustainable 

adoptions in various business areas such as supply chain management (Yao et al., 2022), 

marketing (Anser et al., 2020), human resource management (Mutiarin et al., 2019) among 

others.  

On the other hand, ICT also contributes substantially to environmental issues because the 

high electricity consumption required for computers, data centres, networks, or other ICT 

utilities leads to ever-increasing energy demands and greenhouse gas emissions (Fernández, 

Procaccianti and Lago, 2015). Andrae and Edler, (2015) estimated the possible electricity 

demand required by ICT in 2030. The authors conducted three different scenarios. An 

important conclusion is that regardless of the scenario, consumer devices' proportion of use-

stage electricity will decrease and will be transferred to the networks and data centres. Other 

results forecast that in the worst scenario, ICT could use as much as 51% of global electricity, 

and it would generate 23% of the global greenhouse gas emissions in 2030.  

Aebischer and Hilty (2015) claimed that the history of ICT energy demand shows a dynamic 

balance between two developments: the increasing demand for ICT services, including the 

performance per device and the increasing energy efficiency of ICT. The total amount of 

energy that society devotes to ICT could grow exponentially if progress in efficiency slows 

down or comes to an end for some technological or political reason. 

The assumptions that digitalization would contribute to reducing energy consumption have 

not been met. The transformative processes of digitalization brought economic growth, 

directly affecting the energy demand. The extent of the energy demand surpasses the energy-
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reducing effects, and this trend would likely persist because of its linkage to economic 

factors. (Lange, Pohl and Santarius, 2020). 

1.2. Contribution to the literature 

In spite of all the technological advancements towards sustainability that ICT facilitated 

companies in the last decades, sustainability in ICT is a research area that is still in its infancy 

(Hilty and Aebischer, 2015). Various studies have focused their efforts on evaluating and 

investigating specific aspects of ICT concerning sustainability (Gu, Lago and Bozzelli, 2015; 

Schomaker, Janacek and Schlitt, 2015; Loeser et al., 2017). Nonetheless, they fail to create 

a holistic evaluation of the different impacts in which ICT is involved. This is crucial in the 

business context for strategy development purposes. ICT practices should not be restricted 

to the technical or environmental perspective but should be addressed from the economic 

point of view as well (Fernández, Procaccianti and Lago, 2015).   

The LES model is a framework proposed by Hilty and Aebischer, (2015) that distinguishes 

the negative and positive effects of ICT on environmental sustainability. The model 

evaluates three levels of impacts: life-cycle, enabling and structural. By using the LES 

model, this study aims to provide a comprehensive assessment of the various potential 

effects of ICT on a business case. Also, in light of environmental sustainability, this thesis 

will attempt to identify relevant metrics that could act as a standard for later uses, like 

supplier assessment standards or the company's analysis base. The Innocar corporation 

serves as the research environment. 

1.3. Research questions and objectives 

The study aims to address the following two generic research questions and two related 

objectives: 

RQ1: What are the potential impact factors from the ICT Department regarding 

environmental sustainability in ICT? 



11 

 

Objective 1:  To determine the potential impact factors from ICT Department regarding 

environmental sustainability in ICT 

RQ2: What are the potential metrics that would provide reliable information and serve as 

evidence for environmental sustainability in the ICT field? 

Objective 2: To identify the potential metrics that would provide reliable information and 

serve as evidence for environmental sustainability in the ICT field. 

1.4. Thesis Structure 

The thesis will consist of six chapters. In chapter 2, the key concepts will be introduced in 

the form of a literature review to gain an understanding of the existing research and to 

identify the relationship between previous research in the context of this work. In chapter 3, 

the methodology of the research will be explained in detail. In chapter 4, the results of the 

analysis will be presented in concordance with the research objectives. Chapter 5 will be 

dedicated to the discussion of the study. Lastly, chapter 6 presents the conclusions, 

limitations of the study, and suggestions for further research.  
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2. Literature Review 

This chapter discusses literature related to the study. The key concepts introduced are the 

definition of sustainability, decoupling, ICT and its environmental impacts, green ICT, 

sustainable business, and theoretical framework. 

 

2.1. Definition of Sustainability 

The word “sustainability” originates from the Latin sustinere, which means to hold up 

(Ethimology Dictionary, 2017).  As an adjective, “sustainable” could be used if a noun 

persists over a long period of time. Sustainability is a concept that focuses on the condition 

of Earth’s biophysical environment in relation to the use and depletion of natural resources 

(Kent E., 2015). Some of the initial ideas about sustainability were proposed by Thomas 

Malthus, who explained that population growth would eventually overpass the Earth’s 

ability to support that population with the food source. As a potential consequence, human 

society would collapse, as well as the environmental ecosystems. (Malthus, 1798). 

Even though there is a significant time gap since Malthus exposed his ideas about 

sustainability, these are still relevant to the contemporary century. One of the potential 

reasons is that sustainability has ethical components (which have been supported by human 

society since Ancient Greece) related to the moral responsibilities of individuals and 

organizations.  

Sustainability extends the concern for the welfare of other stakeholders (people, ecosystems) 

who became impacted by our actions in a distant time. Practitioners often define 

sustainability as meeting current needs in a way that does not undermine future welfare 

(Kuhlman and Farrington, 2010; Morelli, 2011). Thiele (2013) argues that the definition 

mentioned above neglects the questions of whose needs are being met and whose future 

welfare is at stake. Along the same line, he claims that sustainability should not be defined 

as the long-term survival of a specific institution or practice of our current time. It should 

focus on these elements' longevity in an expanded scope.  
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Sustainability should not be confused with natural resource preservation (Farley and Smith, 

2020). The latter refers to the preservation of nature with an innate negative connotation of 

the effects of humans on the environment (Folk, 2020). The former seeks to find a state 

where the planet Earth can support the human population and economic growth without 

threatening human society and the ecosystems.  A basic principle of sustainability is that 

natural resources cannot be used, extracted, and damaged indefinitely. The resources will 

eventually cease, and the ability of life to persist as well. (Kent E., 2015). 

Sustainability in the private sector is perceived in the growth of the “green economy”,  where 

environmental protection, natural resource efficiency, and operations efficiency have gained 

relevance in markets (Loiseau et al., 2016; Kasayanond, Umam and Jermsittiparsert, 2019; 

Söderholm, 2020). It can also be perceived by businesses that produce goods by applying 

environmentally responsible processes to minimize their environmental impact. Although, 

it is worth mentioning that the efforts to either encourage or command enterprises to consider 

their environmental impact have risen significantly in the last decades (Borsatto and Bazani, 

2021). 

Various challenges in the private sector remain concerning the application of adequate 

methods to measure and report sustainability. Sharma et al. (2021) stated that the lack of 

legitimate data, lack of accuracy in information gathering, comparative issues among 

indicators, lack of comparative scales, and lack of standardization in measures impede the 

reliability of the field, and there is an imperative need of transparency towards sustainability 

measures. Similarly, Wolff et al. (2020) affirmed that, in particular, the automotive 

industry’s challenges are the lack of a common definition of sustainability, lack of 

responsibility to drive sustainability measures, and lack of measurable goals for 

sustainability measures. Hence, it is clear that in order to address sustainability, special 

attention is needed in developing standardized measures, scales, and reporting practices.  

According to James and Magee (2017), there are four domains of sustainability economic, 

cultural, environmental, and political. The author will mainly focus on environmental 

sustainability during this study because of the linkage towards potential metrics and 

methodologies. Further, in business, one of the most important goals is to achieve carbon 

neutrality because it could slow down global warming and solve the current energy crisis 

(Chen, 2021). Hence, the relevance of environmental sustainability. This thesis adopts the 

definition of environmental sustainability proposed by Morelli (2011), “A condition of 
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balance, resilience, and interconnectedness that allows human society to satisfy its needs 

while neither exceeding the capacity of its supporting ecosystems to continue to regenerate 

the services necessary to meet those needs nor by our actions diminishing biological 

diversity”.  

 

2.2. Decoupling 

Human well-being and social development are based on the availability of natural resources, 

like water, land, minerals, metals, and gas. So far, the current economic model is strictly 

associated with the use of these resources, with the premise that “the higher the exploitation, 

the higher the economic growth”. When natural assets are purposely extracted for human 

activity, their utility creates an economic value measured in monetary terms (UNEP, 2011). 

Furthermore, various natural resources are continuously decreasing and becoming scarce to 

critical levels, which represents a risk in the near future.  

The United Nations Environment Programme (UNEP, 2011) defines decoupling as “less 

resources per unit of economic output and reducing the environmental impact of any 

resources used or economic activities undertaken”. The Organisation for Economic Co-

operation and Development (OECD, 2006) defines it as “breaking the link between 

‘environmental bads’ and ‘economic goods’”. There are two types of decoupling: resource 

decoupling and impact decoupling.  

Resource decoupling means reducing the use rate of primary resources (natural resources) 

per unit of economic activity (UNEP, 2011). This concept implies that the same economic 

output could be reached while using less water, energy, and materials (or any other type of 

natural resource). Resource decoupling intrinsically advocates for optimising how resources 

are used (Wang, 2019). One can exhibit resource decoupling by comparing the gradient of 

economic output versus resource input, where the gradient of resource input should be 

smaller for resource decoupling to occur (UNEP, 2011).  

Conversely, impact decoupling refers to reducing the negative environmental impacts while 

increasing the economic outputs (UNEP, 2011). The potential impacts derived from the 

generation of a product (the extraction and use of primary materials), the production (Co2 

emissions and waste generated by factories), logistics (emissions and use of gas for 
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transportation), and post-purchase (waste generated from the product when it is out of use) 

(Gill and Verma, 2021). Measuring impact decoupling constitutes a challenge due to the 

limitations of the methodology to measure an “environmental impact”. Particularly, some 

trends are not monitored across time, and long-term consequences on ecosystems may be 

overlooked (UNEP, 2011).  

Vadén et al. (2020) contend that these two kinds of decoupling are not connected forthrightly 

because resource decoupling can exist in the presence of increased negative environmental 

impact and vice versa. Besides, resource decoupling can be measured relatively effortlessly 

but is arduous to achieve. Contrarily, impact decoupling means using resources wisely and 

cleanly, but it does not address the problem of resource scarcity and could even worsen it 

(UNEP, 2011).  

Essentially, decoupling requires drastic changes in government policies, corporate 

behaviour, and consumption patterns. The criticism against decoupling is related to the 

dubious possibility of attaining a sufficient level of decoupling. (Jackson, 2009). What’s 

more, decoupling, as a concept, emphasizes that the success of an economy should not be 

defined in terms of GDP growth but by other means where environmental factors are taken 

into account (Victor, 2010). Vadén et al. (2020) claimed that there is a lack of empirical 

literature with regard to the potential influence of decoupling in the economy. The authors 

stated that it is crucial to address the importance of decoupling with structured and concrete 

plans as well as reliable methodologies that would drive structural changes; otherwise, 

decoupling would only hold, in part, on faith.  

When it comes to decoupling and its relation to ICT, it is clear that if working under the 

assumption that non-renewable resources can hinder economic growth, digitalization should 

help prevent this limit by improving resource efficiency. Concomitantly, it is clear that ICT 

itself requires primary resources for its function. (Lange, Pohl and Santarius, 2020). For 

example, even when the ICT sector in 2018 represented approximately 0.5% of global usage 

sector-relevant materials, there are specific materials like germanium, indium, and gallium 

where the ICT sector dominates its use, accounting for 80-90% of global use (Malmodin, 

Bergmark and Matinfar, 2018). Additionally, in the eventual increase in demand and 

production of specific products such as hard disk drives or lithium-ion batteries, the supply 

chains for neodymium and platinum-group metals, or lithium and cobalt, would likely be 
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affected (Ku, 2018). In fact, the last two mentioned could become scarce by 2050 (Vaalma 

et al., 2018).  

Research on the substitution of critical elements for the ICT sector is just starting, and 

replacements of rare metals are not available in all cases (Pavel et al., 2016). For instance, 

sodium-ion batteries would work in specific scenarios, whereas portable ICT devices still 

require cobalt-rich batteries (Vaalma et al., 2018). Lange, Pohl and Santarius (2020), after a 

thorough revision of the ongoing debate on digitalization and decoupling, concluded that the 

application of ICT in different economic sectors supports large increments in energy and 

resource efficiency, and that is the main potential of ICT in facilitation decoupling and 

economic growth. Yet, these effects can be diminished by the rebound effects of economic 

growth. As a result of the dependency on ICT in rare materials, digitalization worsens the 

challenges for decoupling with regard to natural resources.  

2.3. ICT and its environmental impacts 

Even if perceived as non-material in daily life, digital services continuously consume energy 

as well as material resources. ICT infrastructure is necessary for digital services, yet building 

it has an adverse impact on the environment and the climate. Data transmission, processing 

and storage of data is expanding and require a continuous increase in server capacity and 

electrical energy. (The Ministry of Transport and Communications, 2020). The rapid 

development of the global society and economy, alongside the parallel rising of ICT since 

the 1980s, has brought severe environmental problems, such as air pollution, greenhouse 

emissions effect, ecosystem degradation, destruction of the ozone layer, acid rain, species 

extinction, land desertification, deforestation, and soil erosion, all of which grievously 

jeopardize the humankind (Wang and Xu, 2021).  These environmental problems are 

partially caused due to pervasive economic growth, provided that ICT is a major driver of 

the global economy; it can be considered a relevant factor for causing the problem but also 

potentially generating a solution (Matthews, 2003; Takase and Murota, 2004). 

Notwithstanding the critical role that ICT plays in the contemporaneous economic and social 

transformation, the growth in ICT may have an adverse effect on the environment. Hence, 

there is a necessity to identify the mechanisms by which ICT potentially affects the 

environment. Various governments and organizations are seeking to identify novel and 
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innovative methods to minimize energy demand and carbon emissions by using the current 

and creating brand-new ICT tools. (Shobande, 2021). Nonetheless, the fast pace of 

development in the ICT sector increases the challenges of impact assessment (The Ministry 

of Transport and Communications, 2020). The argument of whether ICT can help detain the 

effects of climate change remains unexplained in the existing research because the majority 

of studies are inconsistent (Shobande, 2021). 

For example, Wu et al., (2021) conducted empirical research and evaluated China’s internet 

development and its effects on energy-saving and emission reductions. The authors found 

that internet development has significantly promoted energy saving and an emission 

reduction efficiency. In a similar manner, Danish (2019) presented an empirical analysis of 

the relationship between ICT, real income, and CO2 emissions incorporating foreign direct 

investment and international trade. The results concluded that ICT mitigates CO2 emissions 

in countries conforming to the Belt and Road alliance; ICT, as a moderating effect with 

foreign direct investment and international trade, reduces CO2 emissions. 

By contrast, Magazzino et al. (2021) examined the linkages between ICT penetration, 

electricity consumption, economic growth, urbanization, and environmental pollution in 25 

countries from the OECD (Organisation for Economic Co-operation and Development). 

Empirical findings show that the use of ICT augments economic growth and electricity 

consumption, which yields polluting emissions.  In a second study, he focused on EU 

countries. The findings reveal the existence of a one-way causality between ICT usage and 

electricity consumption, which causes a rise in CO2 emissions and improves GDP 

(Magazzino et al., 2021). Nguyen, Pham and Tram (2020) investigated the same issue using 

the fully modified OLS method, and their findings demonstrate that there are statistically 

significant relationships between CO2 emissions and ICT as well as innovation and GDP 

per capita, trade openness, and energy consumption in the short-run and long-run. The results 

suggest that economic growth contributes to the increase in CO2 emissions. 

In a different line, Shobande (2021) decomposed the effects of ICT on environmental 

impacts in the African region. The results show that ICT has both a positive and negative 

impact on the environment. In the long run, ICT has a favourable impact on the environment 
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when there is a consistent intention to use ICT for the minimization of carbon emissions and 

protect the environment.  A study conducted by Sinha (2018) concluded that in countries 

where ICT contributes to environmental ameliorations, the positive effects of ICT surmount 

its negative effects, whilst, in countries where ICT hastens environmental degradation, the 

negative effects are greater. What’s more, Wang and Xu (2021) inferred that there is an 

inverted U-shaped EKC (Environmental Kuznets Curve) between social and economic 

development and the impact of ICT on the environment. Meaning that for countries with 

advanced development, the impact of ICT is positive, and for developing countries, before 

they reach the “turning point”, the effect of ICT will be negative.  

Despite the fact that econometric methods produce reliable results, the impact of ICT from 

various academic papers varies depending on the region, periods, environment and 

extensions of ICT; because the relationship between ICT and the environment is versatile 

(Wang and Xu, 2021).  Zhang and Wei (2022) suggested that the main reason for the diverse 

results lies in inadequate measurements.  The authors mention that as a consequence of the 

notable fast-paced evolution and diversification of ICT, researchers measured and captured 

components of ICT in different manners. Another issue is related to environmental indicators 

such as environmental pollution, greenhouse emissions, and energy efficiency; this type of 

data is not available for all countries, and the constructs from different frameworks are built 

based on different variables. The authors conclude that formulating a multi-dimensional 

assessment should be prioritized to capture the complex linkage from the system (economic 

and environmental) to avoid future biased results estimations.  

The previous literature addresses the impact of ICT on the environment at a macro level. 

The challenges of three particular components will be addressed in the next lines because of 

their relevance in the research context of this study: data centres, end-user devices and 

software. Data centres are accounted for the major share of electricity consumption 

(Hintemann, 2015; Morley, Widdicks and Hazas, 2018).  One of the hazards related to data 

centres is that they need a constant power supply throughout the entire day. Even when the 

intention to use renewable energy is present, the supply of it fluctuates in the year, hindering 

the possibility of achieving carbon-neutral operations (The Ministry of Transport and 

Communications, 2020).   
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Operating data centres release a noteworthy amount of heat waste. The waste can be 

evaporated into the air through free cooling. Nonetheless, a waste heat recovery system can 

reduce the need to produce heat from other sources (for example, heating systems). In case 

of an imminent electricity shortcut, data centres count on backup power generators; these 

can be from diesel, natural gas, biogas, or lithium-ion batteries. The diesel backup generators 

generate higher CO2 and particulate emissions. (The Ministry of Transport and 

Communications, 2020). Due to the critical importance of data centres for private 

companies, their information is kept confidential, and consequently, there is not enough data 

to fill the research gap of optimization methods when building and designing a data centre 

to comply with sustainability principles (Hintemann, 2015). 

In respect of end-user devices, global consumption is projected to double between 2015 and 

2050 (European Economic and Social Committee, 2018). Currently, E-waste is growing at 

an annual rate of about 2 million tonnes (Mt), with increasing users of electrical and 

electronic items worldwide. This is an effect of the affordability of technological innovation, 

which rebound effect resulted in colossal sales and e-waste increases (Nithya, Sivasankari 

and Thirunavukkarasu, 2021). 

Some of the environmental impacts of end-user devices are the following: rare metals 

extraction and processing for the device material, energy consumption in the device life-

cycle, complex processes in waste management, and recovery of hazardous substances (The 

Ministry of Transport and Communications, 2020). In fact, Hischier et al. (2015) stated that 

the direct energy consumption from end-user devices and hardware, in general, is only the 

“half of the story”. The author states that energy consumption during the entire life cycle 

must be considered, including the energy required for the production and disposal of the 

specific device. Recycling has often been proposed as a potential solution to abate e-waste. 

Yet, the production of new devices from recycled materials cannot meet the exorbitant 

product demand, and research about the usability of the recycled devices’ parts is still fuzzy 

(Cucchiella et al., 2015; Franquesa and Navarro, 2018).  

Concerning software, the expectations for its usability are high. As a consequence of 

digitalization, end users must address their needs instantly with real-time solutions generated 
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by different software types. The impact of software is viewed from two perspectives the 

footprint and the handprint. The former is understood as the resources required for software 

engineering and its in-use electricity consumption. The latter refers to the positive impacts 

that software generates in the environment, which can be software that assists in the solution 

to the problematic or energy-efficient use of software code that is usable for a long period of 

time. 

The evaluation of the greenness of software includes the following aspects: reliability, 

usability, predictability, customisability, reuse, portability, light maintenance needs, 

performance, efficiency, and footprint monitoring. The main goal is to make use and 

maintenance efficient to evade unnecessary energy demand and extend the service life of the 

application and devices (Albertao et al., 2010; Radu, 2016). 

 It is clear that there are a number of challenges with respect to the quantification of 

environmental impacts of ICT, and it is also clear that actions are required to stop harnessing 

the environment. Continuous investment in ICT infrastructure and education on 

environmentally sustainable practices are crucial for the upcoming years. Energy 

conservation is equally important because it is crucial in the contemporaneous working 

society (Shobande, 2021). Achieving the objective of a carbon-neutral Finland by 2035 will 

require emissions to be reduced in all sectors, including ICT (The Ministry of Transport and 

Communications, 2020). 

2.4. Green ICT 

The sustainability of ICT is one of the main objectives these days. Green and sustainability 

are concepts that are linked. Green is associated with energy efficiency and environmental 

friendliness, and sustainability in relation to ICT is investing in technology infrastructure 

that supports today’s and future needs while preserving natural resources and saving capital 

(Ozturk et al., 2011). The term “Green ICT” has gained relevance since 2007 (Hilty and 

Aebischer, 2015), and in 2008 was defined as “the study and practice of designing, 

manufacturing, using, and disposing of computers, servers, and associated subsystems 
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efficiently and effectively with minimal or no impact on the environment” (Murugesan, 

2008).  

Suryawanshi and Narkhede (2015) defined Green ICT as “a pioneering way of using ICT 

that consists of policies and practices which deal with environment sustainability by 

minimizing carbon footprint, ICT waste, optimizing energy consumption and conserving 

natural resources.” Verdecchia et al., (2017) defined it as “a combination of activities that 

minimise the negative impact of ICT on the environment and optimise the positive impact 

ICT can have”. It is worth noting that Green ICT is a different domain than Green by ICT.  

The last refers to the positive impacts that sustainability can achieve using ICT as a tool in 

other sectors, while the first refers to the ways of making ICT itself more sustainable 

(Naumann et al., 2015).  

The main methods through which Green ICT contributes to sustainability are IT 

management, IT engineering, and software. The contributions, in essence, are the reductions 

in the environmental impacts of ICT hardware and software (Hilty and Aebischer, 2015). 

Regarding hardware, Green ICT primarily focuses on energy efficiency and equipment 

utilization. For example, it includes power consumption and management, manufacturing 

practices, data centre design and operations, using renewable energy sources to power data 

centres, designing energy-efficient chips and disk drives, prevention of pollution generation 

at the product maintenance stage, recycling and end of life concerns for computer equipment, 

promoting telecommuting and remote computer administration to reduce transportation 

emissions (Brooks, Wang and Sarker, 2010; Hilty and Aebischer, 2015; Malison and 

Thammakoranonta, 2018). Fundamentally, it seeks to minimise environmental impact 

throughout the entire life cycle of ICT equipment through product development, production, 

procurement, use and managing obsolete ICT equipment (Ozturk et al., 2011). From the 

stance of an organization and its ICT department, Green ICT is about dealing with all impacts 

of ICT on the environment, directly or indirectly, positively or negatively (Malison and 

Thammakoranonta, 2018). 

Green IS, it refers to the design and execution of information systems that contribute to 

sustainable business processes (Ozturk et al., 2011). This field is keen on finding 
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optimization of software solutions with respect to energy consumption (Noureddine et al., 

2012). Sustainable Software can be defined as “software whose development, deployment, 

and usage results in minimal direct and indirect negative impacts or even positive impacts 

on the economy, society, human beings, and the environment” (Naumann et al., 2011). The 

most relevant environmental impact caused by software is the CO2 emissions associated 

with power consumption. The Green IS approach theoretically includes energy models 

showing the energy use from the software in hardware resources and power monitoring at 

runtime (Noureddine et al., 2012).  

A condition for sustainable software is a sustainable development process. In practice, it 

means that a specific software labelled as “sustainable” was developed by practitioners in an 

environment where sustainability principles were considered. It is not sufficient to develop 

software that promotes sustainability if there is a negative impact on the natural environment 

as a result of its genesis. A sustainable software product should meet three conditions: the 

software is produced to meet sustainability objectives, the software has minimal negative 

social and environmental impacts during its usage, and the software functionality strengthens 

sustainable development or at least has no negative impacts on society or the environment. 

(Naumann et al., 2015). 

 The successful implementation of Green IT in a company requires a solid commitment from 

corporate leadership, explicitly senior IT management (Sarkar and Young, 2009). Some 

factors to be considered are cost, customer requirements, and government regulations. 

Internally, it is suggested that enterprises should create a green IT policy, delimitating 

objectives, goals, plans of action, and timetables to implement Green IT strategies (Ozturk 

et al., 2011). 

Verdecchia et al. (2017) identified seven issues for the adoption of Green ICT: rapid 

evolution, lack of research and documentation, lack of metrics and standards, lack of 

incentives and regulations, lack of people awareness, high cost or unclear return on 

investment, the need of complex data. Nonetheless, it is critical that corporations start 

implementing Green ICT as it can help reduce their environmental impact and is considered 

one the keys to future success. Various IT vendors and users are progressively shifting 
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towards Green IT, thus actively building a sustainable and greener society and economy. It 

is likely as well that taxation systems will favour green solutions and that governments will 

promote new legislations to encourage energy efficiency in the near future. (Ozturk et al., 

2011). 

2.5. Sustainable Business 

Sustainable business as a concept represents a new paradigm that explores the ground-

breaking transformations in the forms of managing business these days. Far from the 

traditional perspective where companies ensure success by achieving market target 

objectives, enterprises can be active stakeholders in a long-term vision when constructing a 

progressive society (Ibidunni, 2013). Even though this concept has gained relevance in 

recent years, it was proposed almost a quarter of a century ago by Elkington (1998) as the  

“triple bottom line”. This idea considered that economics is influenced by environmental 

and human impacts. Thus, managers were encouraged to consider three elements equally in 

decision-making: financial, environmental, and social. Substantially, organizations had to 

see beyond the profit and advocate for grater stakeholder accountability.  

In a more detailed view, a sustainable organization can meet the needs of present and future 

generations by creating and innovating business models that drive positive social change and 

protect the integrity of the environment without compromising business performance. 

Hence, the principles of sustainability must be embedded into every business decision. In 

order to become a “sustainable business,” the vision and business goals should be aligned 

with sustainability precepts (Zu, 2013). This state-of-the-art understanding of sustainability 

requires the formulation of a strategy from the top management and its implementation in 

all the departments, culture, systems and processes of the company. (Zu, 2013; Broccardo et 

al., 2023). 

Generally, the expectations of the integration of sustainability are that it will lead towards 

an increase in competitive advantage (Broccardo et al., 2023). Kim and Oh, (2004) explained 

that competitive advantage is the assets (material and immaterial) that the enterprise has 

developed internally that allows it to differentiate itself from its competitors. Four factors 
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can help a company to build and sustain competitive advantage: superior efficiency, quality, 

innovation, and customer responsiveness (Ibidunni, 2013). The implementation of practices 

related to environmental sustainability should be linked to superior efficiency and 

innovation.  

Provided that sustainable enterprises innovate solutions to society’s greatest needs, they 

inherit a competitive advantage. For instance, efforts to adopt sustainability in daily business 

practices can be used to strengthen a brand’s value and boost customers’ loyalty (Ibidunni, 

2013). In addition, sustainable enterprises are more profitable because they have strong and 

recognizable brands, generate positive media, inspire trust, and customers regard highly 

companies’ products but also their values and vision (Willard, 2012; Zu, 2013). 

The meta-analysis conducted by Clark, Feiner and Viehs (2015) shows strong evidence of a  

positive correlation between sustainability and operational performance and a positive 

correlation between sustainability and superior financial market performance. Financial 

success allows sustainable companies to expand their contribution to society, reinvent 

markets, and reward their staff and investors (Zu, 2013; Velte, 2022). 

A successful risk mitigation plan enables businesses to take full advantage of new potential 

market opportunities. Besides the already mentioned benefits, sustainability in companies 

can help to mitigate strategic and financial risks that potentially threaten the company’s 

reputation, which could impact its future revenue or even long-term profitability. In 

particular, sustainability can reduce the following risks that affect revenue: a poor reputation 

for energy and carbon management, a poor reputation for water management, a poor 

reputation for materials and waste management, poor supplier reputation and behaviours, a 

poor reputation for ecosystem damages, less competitive prices, and sudden disruptions in 

the value chain. (Willard, 2012). 

2.6. ICT Sector Guidance Reporting Standard 

The ICT Sector Guidance is a report that provides guidance and a methodology for 

calculating GHG (greenhouse gas) emissions for ICT products. It is built based on the Green 
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House Gases Protocol (GHG Protocol). The assessment of the GHG emissions of ICT 

products poses a challenge because of the complexity of its features and the intricate supply 

chain for ICT hardware. As a matter of fact, the ICT sector possesses an extensive bill of 

material (BOM) comprising hundreds of individual components that are often extracted and 

transported from different geographical areas. This intrinsic characteristic burdens the 

execution of a detailed life cycle assessment (LCA) for ICT equipment. In response to that 

need, the ICT Sector Guidance proposes a consistent approach to calculate GHG emissions 

from the ICT services and goods. (GeSi, 2017).  

Despite its importance, it is not a current practice for ICT companies to carry out GHG 

assessments on their products or services. Overall, data collection systems do not provide 

the data to generate and assessment of the carbon footprint of a product. Moreover, reliable 

and consistent data on emission factors for ICT components are often off-limits. (GeSi, 

2017). Consequently, it is vital to address these challenges by utilizing the currently available 

methods to generate data sets that would allow practitioners and researchers to advance this 

field. Regardless of the current limitations of the methods, the results of the measurements 

would give a benchmark to assess the state-of-art of a specific  ICT product or service and 

determine the areas in which higher GHG emissions are generated to take actions for 

emission reduction.  

Relating to the scope and application of the methodology proposed in the report, the 

guidance can be expanded to the categories in scope 3: purchase goods and services, use of 

sold goods, and end-of-life treatment products (GeSi, 2017). Scope 1 covers direct emissions 

from owned or controlled sources, and scope 2 covers indirect emissions from the generation 

of purchased electricity, heating and cooling consumed by the reporting company (Carbon 

Trust, 2019).  

There are two main requirements for data collection; companies should collect data for all 

the processes included in the inventory boundary and collect primary data for all processes 

under their ownership or control. In ICT, data collection refers to collecting activity data and 

emission factors.  The activity data is a measure of the GHG emissions that results from a 

level of activity, and it can be measured or modelled. Uncertainty in data collection is 

significant because of the diversity of ICT products and services as well as the limitation of 

the existing methods. To reduce uncertainty, it is recommended to use adequate sampling 

techniques, sensitivity analysis, or reporting an estimate of uncertainty. (GeSi, 2017). 
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2.6.1. Calculating GHG emissions 

Carbon dioxide equivalent (CO2e) is used to present a common figure for measuring the 

impact of different greenhouse gases. The impact can be obtained by multiplying the mass 

of a given greenhouse gas by its global warming potential (GWP). Information about GWP 

can be found in the Intergovernmental Panel for Climate Change (IPCC) Sixth Assessment 

Report, published in 2022. The general method for calculating GHG inventory is to multiply 

the activity data by the appropriate emission factor (GeSi, 2017):  

𝐺𝐻𝐺 𝐼𝑚𝑝𝑎𝑐𝑡(𝑘𝑔 𝐶𝑜2) = 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝐷𝑎𝑡𝑎 (𝑢𝑛𝑖𝑡) 𝑋 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟(𝑘𝑔
𝐶𝑜2𝑒

𝑢𝑛𝑖𝑡
) 

Emission factors are country dependent; the EMEP/EEA air pollutant emission inventory 

guidebook 2019 contains technical guidance for the required emission factors and their 

methodology (EEA, 2019). Concerning Finland's electricity grid emission factor, the Fingrid 

organization (Finland’s transmission system operator) collects official data for free online 

(FINGRID, 2022).  

 

2.6.2. General method to calculate GHG emissions from the use stage  

The majority of ICT goods and services generate the most emissions in their use stage. Use 

stage emissions are primarily caused by the ICT hardware’s use of electricity. The report 

provides five steps to calculate GHG emissions in the use stage(GeSi, 2017): 

1. Measure or estimate the power consumption: Obtaining power usage of ICT 

hardware in different modes such as full power, low power and standby. 

2. Use profile estimation: Reflects the time interval of the different power modes of 

hardware. Alternatives or direct measures are surveys or profile scenarios.  

3. Energy calculation: Multiplication of the power and user profile.  

4. Overhead energy allocation: The energy used for cooling ICT hardware, energy 

backup systems or any related ICT Infrastructure equipment. The most suggested 

approach is to calculate the total overhead energy and then allocate a proportion 

based on a usage factor.  
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5. Conversion into GHG emissions: Calculated by multiplying the energy used by the 

appropriate county emission factor. 

 

2.6.3. Cloud and data centre services 

IT services that depend on internal computing infrastructures are being replaced by cloud 

and data centre services, which are nearly ubiquitous. Cloud computing offers easy, on-

demand remote access over the internet for hosting applications that use shared resources. 

Data centre services enable businesses to fulfil their computing needs through a variety of 

leasing alternatives more economically and energy-efficiently than employing their own 

specialized facilities, although the company's own data centre still prevails due to the 

sensitivity of data. The benefits from outsourced data centres and cloud computing sparked 

an escalation in internet usage, cloud computing services, and data centre constructions. 

Nevertheless, concerns have been expressed about the increase in network and data centre 

energy use as well as the dearth of GHG emissions reporting. (GeSi, 2017).  

 

The calculation for Cloud Services 

The emissions of a cloud service are calculated by summing the total emissions of the service 

for the time period being considered and then dividing them by the appropriate parameter 

for the functional unit being measured. 

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑝𝑒𝑟 𝑢𝑠𝑒𝑟 =  
Total emissions of the service (Data center +  Network +  Equipment)

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑐𝑡𝑖𝑣𝑒 𝑢𝑠𝑒𝑟𝑠
 

The variable “active users” can be defined as the number of active users in a specified time 

period or the maximum number of users allowed by the service provider in a time period. 

(GeSi, 2017).  

 The calculation for Data Center 

The main factors influencing emissions are the number of servers, effectiveness, and location 

of the related data centre operations. The following method is useful when accounting for 

specific emissions of each data centre component is not feasible.  
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𝐷𝑎𝑡𝑎 𝑐𝑒𝑛𝑡𝑟𝑒 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑜𝑓 𝑠𝑒𝑟𝑣𝑖𝑐𝑒

= [(𝑁𝑟. 𝑆𝑒𝑟𝑣𝑒𝑟𝑠 𝑋 𝐸𝑛𝑒𝑟𝑔𝑢 𝑢𝑠𝑒 𝑜𝑓 𝑠𝑒𝑟𝑣𝑒𝑟𝑠)

+ (𝑁𝑒𝑡𝑤𝑜𝑟𝑘 𝑙𝑖𝑛𝑘 𝐸𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 𝑋 𝐸𝑛𝑒𝑟𝑔𝑦 𝑢𝑠𝑒 𝑜𝑓 𝑛𝑒𝑡𝑤𝑜𝑟𝑘 𝑙𝑖𝑛𝑘 𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡) 𝑋 𝑃𝑈𝐸 𝑋 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 ]

+ 𝐸𝑚𝑏𝑜𝑑𝑖𝑒𝑑 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑜𝑓 𝐼𝑇 𝑑𝑒𝑣𝑖𝑐𝑒𝑠 + 𝐴𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑒𝑚𝑏𝑜𝑑𝑖𝑒𝑑 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑜𝑓 𝑑𝑎𝑡𝑎 𝑐𝑒𝑛𝑡𝑒𝑟 𝑜𝑣𝑒𝑟ℎ𝑒𝑎𝑑.  

 

Where PUE (power usage effectiveness) is calculated as:  

𝑃𝑈𝐸 =
𝐸𝑛𝑒𝑟𝑔𝑦 𝐼𝑇 𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 + 𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝑜𝑣𝑒𝑟ℎ𝑒𝑎𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 𝑓𝑖𝑥𝑒𝑑 + 𝐹𝑎𝑣𝑖𝑙𝑖𝑡𝑦 𝑜𝑣𝑒𝑟ℎ𝑒𝑎𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒

𝐸𝑛𝑒𝑟𝑔𝑦 𝐼𝑇 𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 
  

 

And “embodied  emissions” are defined as:  

The merge of the emissions from the following life cycle stages: raw material acquisition 

and preprocessing, production, distribution and transport, installation and end-of-life 

treatment (all life cycle stages except the use stage). 

And energy overhead (or non-IT energy)  includes:  

The energy used by cooling systems and power-delivery components such as the 

uninterruptible power supply (UPS), switchgear, generators, and batteries.(GeSi, 2017). 

 

2.6.4. ICT Hardware 

The scope includes computers and peripheral equipment; communication equipment; 

consumer electronic equipment; and miscellaneous ICT components and goods. It is a 

requisite to define a functional unit before conducting any assessment. The functional unit 

is a contextual reference that provides background information and transparency. It consists 

of the magnitude of the hardware’s service, duration of the life-cycle and expected quality.  

The hardware life-cycle has five stages material acquisition and preprocessing; production; 

distribution and retail; use; and end of life. In addition, a boundary setting for hardware 

should be created using a process map, in which the processes and flows of material and 

energy are identified for each of the life-cycle stages. 
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Some processes should not be included in this stage; some examples are operations that are 

not directly related to the hardware product system, corporate activities across all the 

company, or footprint from the machinery used to assemble the hardware. 

 

Calculating cradle-to-gate GHG emissions of hardware by component characterization 

method  

Fundamentally, this method seeks to break down the composition of the hardware equipment 

and account for its emissions as an aggregate of the emissions of each component. The steps 

to conducting this method are the following (GeSi, 2017): 

1. Categorize hardware components into common groups: These groups are categorized 

based on common attributes about their raw materials and intermediate processes. 

For example, electromechanical components (fans, motors), polymeric metallic 

components (plastic parts), and batteries.  

2. Establishing GHG characterization parameters for components: Each categorized 

group from point 1 should have a parameter that can lead to a metric from the 

component. For instance, polymeric materials can be classified by material type and 

weight.  

3. Calculation of Emissions: the use of existing algorithms is recommended to calculate 

the potential emissions in this method. Alternatively, companies should build their 

own parametric models to account for the emissions of their hardware products 

(Madon, 2021).  

Calculating hardware emissions from the usage stage 

In this method, the product's distribution phase (final transport, retail, installation) should be 

accounted for in the GHG emissions evaluation. Methods developed for logistic 

transportation emissions can be used in this stage. Concerning the use stage of the product, 

several parameters must be considered: location of the product, power consumption, user 

profile, energy usage per year, energy use emission factor, and product operating life (see 

table Table 1). 
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Table 1. Parameters for calculation of hardware emissions from the usage stage 

Parameter Metric 

Location where product is being used Country 

Power consumption (measured 

individually on each product 

representative) 

Kilowatt (kW) 

Use Profile Hours used per time period (day, week, or 

year) for different power modes 

Energy usage per year kilowatt hour (kWh) per year 

Energy use emission factors kg CO2e per kWh of energy usage 

(dependent on each country or region) 

Product operating life  Years (expected usage time of the product)  

  

The power consumption of a hardware product should be in concordance with the regular 

settings and simulate as close as possible a real use-case scenario because operating software 

can create a substantial difference in energy consumption.  This parameter should also 

include the emissions from any equipment required for the hardware cooling during its 

usage. The user profile should be estimated from the product usage of end users or by 

recommendation from the product manufacturer. The energy usage per year is an average 

daily consumption based on the actual usage pattern, including sleep modes or power-saving 

features (if applicable on the hardware). The product’s operating life can be estimated from 

the product’s background, and it is often determined by the manufacturer (GeSi, 2017). 

 

2.6.5. Software  

Software design notably impacts the amount of energy used, and to optimize it, the first step 

is to understand how software energy consumption takes place. As a matter of fact, the 

software could account for the majority of energy consumed by ICT hardware. Hence it is 

critical to consider a reliable evaluation of software energy consumption. The functional unit 

for its assessment is defined by the magnitude (processing time or transactions), duration of 

expected life (years), and quality (anticipated user experience). Comparably to hardware, 

software products should also follow the five stages of LCA, material acquisition and 

preprocessing, production, distribution and storage, use, and end of life.(GeSi, 2017) 

As for the material acquisition and prepossessing stage, the report suggests that if the 

software used existing software libraries, these should be considered as input. Nonetheless, 
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the assessment of the conditions in which the library was created should be examined 

separately. This constitutes a critical challenge as finding primary or secondary data may be 

unfeasible. On the other hand, if the software product was developed entirely by a company, 

an estimate of the development time in years or the code lines could be used as a comparison 

proxy with similar software evaluations.  

Concerning the production stage, the main source of the emissions are: the heating, lighting 

or any source of energy consumption from the premises used by developers or testers, the 

energy consumed by the equipment used for the development and testing of the software 

product, consumables such as office supplies or business travel related to the development 

or testing process.  

In the distribution and storage stage, the scope includes the installation, initial training, 

and user acceptance testing; in particulate, the distribution stage is relevant for the ERP 

system, whereas it could be negligible for small software packages. Electronic software 

distribution could include storage and hosting of software by servers, networks and use for 

transferring and downloading.  

Relating to the use stage of software consists of a thorough investigation that measures the 

energy consumption of software. It opens the possibility of understanding exhaustively the 

software behaviour concerning energy consumption and potentially further optimising 

processes. For example, understanding the actual impact of an operating system (OS) version 

in determined hardware or if a software application consumes higher energy because high 

in-built features could be replaced if those features are not actually used. (GeSi, 2017) 

Given that software and hardware are related in the evaluation of software performance, 

initially, it is fundamental to define the hardware equipment in which software will be tested. 

All peripheral elements often used in real-case scenarios should also be considered. For OS 

power consumption, the suggested method is an energy measurement test that evaluates the 

power consumption in various states like off, sleep, idle, and maximum power. Each power 

state should be tested for 10  minutes, and at least three rounds of measure should be 

performed. High variations for power consumption during the tests should be revised in case 

any OS process is running in the background. The outcome should be converted to kilowatts 

per hour (kWh). Some elements like the CPU, memory or GPU (graphics processing unit) 

should be under the highest stress to conduct maximum power. It is possible to use the 
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Linpack benchmark to achieve that objective as it conducts simultaneous linear equations 

while an application is running to analyze the computer’s performance. (GeSi, 2017) 

To measure an application's power consumption, the result of the OS consumption is 

required because it will serve as a base for the application’s power impact. It is suggested 

that to report a realistic measure of the power consumption of a set of applications should be 

measured, unlike only a single application at the time. The preparation stage for the testing 

includes installing the software application in the device that will be executed in a real 

scenario, defining the goal (analyzing a task or the average application use), checking for 

secondary applications running in the background, and disabling settings that automatically 

set the “idle mode”. 

The straightforward method to assess an application’s or set of applications' energy usage is 

to calculate its energy requirements and deduct them from the OS’s idle energy consumption.   

The applications that process multiple transactions should be delimited based on the number 

of transactions during the test. It is also advisable to record the CPU utilization for each 

application every second of the period and then average it. This data can be used to estimate 

the power amount allocated to non-task-specific programs. If only one application or set of 

applications' power usage is being examined, this step is not necessary. Every measurement 

should be taken at least three times, and high variations (±15%) should be further examined 

to make sure that background processes are not running. (GeSi, 2017) 

The device's overall energy consumption (kWh) should be recorded for each test period. The 

resulting figure combines the OS and the application energy use. To obtain the exact metric, 

the ‘power subtraction’ method should be employed, which is given by the following 

equation:  

𝑃𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 = 𝑃𝑀𝑒𝑎𝑠𝑢𝑟𝑒̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ − 𝑃𝐼𝑑𝑙𝑒  

 

Where 𝑃𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 is the energy consumption of the application or application set, 𝑃𝑀𝑒𝑎𝑠𝑢𝑟𝑒̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅  

is the average energy consumption from the energy measurement tests, and 𝑃𝐼𝑑𝑙𝑒 is the 

average energy consumption of the OS at the idle level 

On the other hand, the multiple applications allocation method is utilized when it's necessary 

to separate out individual applications after measuring the energy usage of a set of 
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applications. Finding the amount of energy consumed by each application is the goal. The 

percentage of a device’s resources consumed by each application or process is necessary to 

achieve this (utilization value). The initial step is to separate the applications from the OS’s 

energy consumption using the “power subtraction method”. Then, it is possible to calculate 

proportional energy consumption for a specific application following the equation below: 

 

𝑃𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 = 𝑈 ∗ 𝑃𝑎𝑙𝑙 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠 

Where U (utilization value) is calculated in the following way: 

𝑈𝑎𝑐𝑟𝑜𝑠𝑠 𝑎𝑙𝑙 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠 𝑡𝑒𝑠𝑡𝑒𝑑= 𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑜𝑟 𝑇𝑖𝑚𝑒𝑎𝑝𝑝 1 + 𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑜𝑟 𝑇𝑖𝑚𝑒𝑎𝑝𝑝 2 + 𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑜𝑟 𝑇𝑖𝑚𝑒𝑎𝑝𝑝 3

+ 𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑜𝑟 𝑇𝑖𝑚𝑒𝑎𝑝𝑝 𝑘 

𝑈𝑎𝑝𝑝 𝑘 =  
𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑜𝑟 𝑇𝑖𝑚𝑒𝑎𝑝𝑝 𝑘

𝑈𝑎𝑐𝑟𝑜𝑠𝑠 𝑎𝑙𝑙 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠 𝑡𝑒𝑠𝑡𝑒𝑑

 

 

Finally, the impact of the end of the life cycle in relation to software should include 

emissions when software is distributed by physical media. (GeSi, 2017) 

One of the main drawbacks of this approach is that it requires the definition of a functional 

unit, which is challenging in software because it is unlikely that the same functional unit will 

be useful for measuring multiple applications. The computations contain a large amount of 

uncertainty; thus, setting benchmarks for each app would require ongoing data collecting 

and evaluation (Hilty et al., 2015). 

 

2.7. Theoretical Framework for the Study – The LES Model 

The LES Model was proposed by Hilty and Aebischer (2015), and it depicts three levels of 

ICT impact: life-cycle impact, enabling impact, and structural impact. The structural impact 

refers to the highest level of abstraction in the macro effects on the economy, society and 

the environment. The model was selected because it distinguishes the negative and positive 

effects of ICT in environmental sustainability, that is, “ICT as part of the problem” and “ICT 

as part of the solution”. It also describes the impacts that ICT may cause using the life-cycle 

assessment approach that can be directly linked to the supply chain of a product. The 
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enabling impact of the model is suitable for the research context as ICT is a supportive 

function unit at Innocar and may have positive as well as negative effects in terms of 

environmental sustainability. The author expects that the model will serve as a tool to 

identify key variables and concepts to answer the research questions.  

The level 1 or life-cycle impact refers to the effects caused by the physical actions to produce 

the raw materials for ICT hardware, production of ICT hardware, recycling of ICT hardware 

and final disposal of residues. The authors employed the method of life-cycle assessment 

(LCA). In practice, it is sufficient to assess energy consumption during the abovementioned 

phases. For the production and end-life treatment phases, default estimates could be 

employed. (Hilty and Aebischer, 2015). 

Level 2, or enabling impact, refers to the actions that are enabled by the application of ICT. 

From the sustainability perspective, these impacts should be accounted for by resource use. 

In the model, the authors distinguish two dimensions production (positive enabling effects 

of ICT) and consumption (the resources required by ICT to function). Furthermore, specific 

enabling processes can be found in both production and consumption dimensions: process 

optimization, media substitution, and externalization of control. Below are the details of each 

process: 

• Process Optimization: All processes can be optimized by making use of information. 

Information is used to reduce the use of another resource by the process. The main 

premise of process optimization is based on an objective function that requires the 

input resource to be minimized. The input resource could be a natural resource, 

labour, or capital. Process optimization can occur either through behavioural changes 

or technological changes (automation). 

• Media Substitution: The ideal enabling impact of ICT is the substitution of a physical 

medium or an archaic electronic medium for an up-to-date (energy-efficient) 

electronic medium. This process can sometimes be perceived as “dematerialization” 

or decoupling; however, this assessment should be considered only in specific cases 

in which the substitution for a new medium does not affect rebound effects.  
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• Externalization of Control: If a process requires information as input, externalization 

of control can take place over that process. External control does require real-time 

data. The distribution of software products has always executed a degree of external 

control over the system operating the software. (Hilty and Aebischer, 2015). 

 

 

Given that the scope of this study is limited to a specific case context, the third level of the 

model won’t be analysed. One of the main limitations of the LES model is that it does not 

provide a clear guideline on how to account for, measure, and represent the effects of ICT 

in practice. Although the framework mentions that ICT also causes “social impacts,” these 

are not included in the model, and only the technical scope of ICT is addressed. In addition, 

in the level 1 or life-cycle impact, the model only covers the direct impact of hardware, 

overlooking the current state where there are various “software-oriented” companies whose 

main source of revenue is the licenses of software. Nonetheless, the creation and generation 

of software also require natural resources that should be accounted for in the evaluation of 

the impacts of ICT.  

Figure 1. The LES Model 
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The authors acknowledge that the LES model avoids normative assumptions and it is purely 

descriptive as well as it does not categorize all the possible effects of ICT. Therefore, this 

study will include the software element in the level 1 or life-cycle impact assessment. 
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3. Methodology 

This chapter addresses the theoretical and philosophical assumptions for the methods 

employed to answer the research question.  

 

3.1. Research Context 

This research was carried out in a real-case scenario from the business context. A Finnish 

company from the automotive sector agreed to participate. For confidentiality reasons, its 

name won’t be disclosed; throughout this research, it will be referred to by the fictitious 

name “Innocar”. As it is part of the automotive industry, its core business is not ICT; 

furthermore, the ICT department is critical for Innocar’s operations.  

In this context, the ICT Department has six sub-teams and three collaborators: operations, 

service desk, business systems development, business systems support, analytics and 

information, engineering projects and tools, security, ICT project specialist, and enterprise 

architect. All collaborators and at least one representative of each sub-team participated in 

this study for a holistic evaluation of the potential impacts of ICT on environmental 

sustainability.   

 

 

Figure 2. Organigram from ICT department at Innocar 
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3.2. Research Design 

The researcher used the design structure modelling proposed by Saunders (2015) because it 

offers a systematic and comprehensive approach. This structure allows the author to reflect 

on the theoretical assumptions through the research process. 

3.2.1. Research Philosophy 

This research follows the interpretivism philosophy. As explained by Saunders (2015), 

interpretivism emphasizes how people differ from physical occurrences because of their 

ability to construct meanings. Interpretive research aims to develop novel, more in-depth 

perspectives on social settings and worlds. This requires business and management 

researchers to examine organizations from many stakeholder groups' points of view. 

The interpretivism philosophy suits this study because the theory in this field is in constant 

development. As revised in the literature review (section 2.3), various studies have reflected 

contradictory results, and methodologies on how to measure sustainability or the impact of 

ICT are rather diverse. In fact, despite its relevance and added value, the LES model is not 

yet empirically tested and was established by a thorough systematic literature review 

methodology. Moreover, the majority of empirical studies in relation to the impacts of ICT 

and sustainability focus on the macro-economic level, which makes them unsuitable for 

applications in studies that address particular organizations.  

Regardless of ICT's linkage with STEM sciences, the application of technology in society 

and business is shaped by decision-makers and human behaviour. Therefore, managers and 

private organizations must understand and reflect on the impacts of ICT to take actions that 

can support the environmentally sustainable development of ICT. 

 

3.2.2. Research Purpose 

The research purpose selected for this research is descriptive-explanatory. As Saunders 

(2015) stated, “descriptive research may be an extension of a piece of exploratory research 

or a forerunner to a piece of explanatory research”. The descriptive part of this study seeks 
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to understand the sate-of-art of potential impacts of ICT at Innocar. This research outstrips 

the characteristics of the descriptive purpose as it seeks to also identify potential metrics that 

would support and further develop the implementation of managerial practices in relation to 

environmental sustainability in ICT.  

 

3.2.3. Research Approach 

This research uses an abductive approach, as it combines deduction and induction. In an 

abductive approach, the data is used to explore a phenomenon by identifying its themes and 

locating them in a conceptual framework. It also implies processes of theory generation or 

modification where appropriate (Saunders, 2015).  

This study uses the LES model as a theoretical framework to capture the potential impacts 

of ICT. Provided that the LES model's objective coincides with the one of this research 

which is to determine the impact factors from the life-cycle stage and enabling factors, the 

author assumes that the theory behind the LES model can apply to the current research 

context. It is worth noting that the LES model is established by a systematic literature review, 

and as claimed by Hilty and Aebischer (2015), the model connects to the sociological 

structuration theory, where there is an interplay between the structure and the change that 

can take place. In the context of the study, the impact of ICT is interplayed by the 

organizational structure of Innocar and the agents representing the employees of the 

company.  

The theory modification is found in the addition of the software component into the LES 

model, which currently only contemplates the assessment of hardware. As revised in the 

literature review (section 2.6.5), some methodologies consider the impact of GHG emissions 

from software. At this point, there are various software-oriented companies whose source of 

revenue is merely licensing software. These companies also consume natural resources for 

product generation; therefore, these shall also be accounted for when assessing the impacts 

of ICT.  
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3.2.4. Methodological Choice 

A qualitative research design that employs more than one qualitative data collection 

technique and the corresponding analytical procedure is known as a multi-method qualitative 

study (Saunders, 2015). Using a multi-method methodological choice allows the researcher 

to enhance the internal validity by triangulation of results because the object of study is 

viewed as a multi-dimensional concept requiring multiple instruments for its exploration 

(Meijer, Verloop and Beijaard, 2002). The choice of methods is critical because it shapes the 

type of data that the author would collect. This research is qualitative because, at the time of 

writing this research, it is unknown what impact factors may be present in the research 

environment (Innocar company). Furthermore, there is not any ready dataset that could guide 

a quantitative study, and it is counterintuitive to attempt to quantify an impact without the 

certainty that an impact is actually present in the research environment. Another reason for 

selecting a qualitative method over a quantitative one was the flexibility that qualitative 

research could provide when exploring a complex topic. 

This research applies semi-structured interviews and a focus group to investigate the study 

object. The details of these choices are discussed in sections 3.3.1 and 3.3.2. 

3.2.5. Research Strategy 

The research strategy chosen for this research is the case study. A case study is a detailed 

investigation into a subject or phenomenon in its real environment, which helps to 

distinguish this strategy from others (Yin, 2014). The ‘case’ can concern a person, an 

organisation, an association, or a change process. (Saunders, 2015). 

In this instance, the author investigates the potential impacts of ICT in the specific context 

of Innocar company, constituting this study's real-life setting.  

3.2.6. Research Time Horizon 

This is a cross-sectional study as it involves the study of the phenomena (potential impact 

factors of ICT) at a particular point in time (Saunders, 2015). This means that no time 

dimension is involved in the research (Kesmodel, 2018).  
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This choice is selected based on the availability of the company to participate in the research, 

given that ICT is characterized by its rapid development. It is likely that the phenomena 

explored in this study will evolve in the next years and, therefore, should be revised in 

relation to new circumstances and technological developments.  

3.3. Data Collection 

For the purposes of this study's objectives, this research uses original data gathered with the 

company's permission. The data was collected using interviews and focus group 

methodology; the details are discussed in sections 3.3.1 and 3.3.2.  

3.3.1. Interviews  

Essentially, the research interview involves asking pointed questions and paying close 

attention to the responses to further investigate them. Interviews can be used to collect 

accurate and trustworthy data that are pertinent to the research question(s) and objectives. 

Interviews may be casual and unstructured chats or very formalized and structured with 

standard questions for each research participant. Depending on the formality and structure 

being used, there are intermediate positions in between. A common typology categorizes 

interviews as structured, semi-structured, and unstructured (Saunders, 2015).  

Structured interviews are a standardized list of questions, including follow-up questions and 

a standardized questioning sequence. This type of interview was created by the need to 

standardize methods and minimize bias in diagnosis in the psychology field. One of the main 

limitations of structured interviews is that their lack of flexibility may hinder the breadth and 

depth of the research, limiting the questions to a specific method that may not cover all the 

relevant topics for the research (Segal and Coolidge, 2006). The lack of flexibility when 

conducting the interview in terms of specific topics and questions made this method 

unsuitable for this research.  

The unstructured interview technique was developed in the disciplines of sociology and 

anthropology as a technique for drawing forth people's social reality (Zhang and Wildemuth, 

2009). They are described as interviews in which neither the question nor the answer 

categories are present (Minichiello, 1990). Alternatively, they rely on the researcher and 

informant's social interactions. Unstructured interviews, according to Punch (2005), are a 
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technique to comprehend people's complicated behaviour without imposing any a priori 

categorization that would restrict the scope of the investigation.  

Some of the challenges that the unstructured interview faces are that this method requires a 

lengthy amount of time to collect valuable data, mainly when the researcher has limited 

knowledge about the research setting. Additionally, the questions and the interview length 

will be highly context-dependent and may present drastic variations between respondents. 

(Patton, 2002). The high diversification of the interviews and the formal environment when 

conducting research in collaboration with an enterprise made this method unsuitable for this 

study.  

In semi-structured interviews, the researcher has a list of topics to cover and some questions 

to ask, albeit their application may vary from interview to interview. This indicates that some 

questions may be deleted from a particular interview, given a particular organizational 

setting that is met about the research issue. Depending on the conversation and the 

participant, the order of the questions may also change. On the other hand, given the nature 

of occurrences within specific organizations, more inquiries may be needed to investigate 

your study issue and aims. (Saunders, 2015). 

In this research, semi-structured interviews were selected as the methodology for collecting 

data as their characteristics better suited the research settings' conditions. Considering that 

the ICT department is diverse in functions, not all the questions or topics were relevant to 

each participant equally. Thus, the order of the questions was modified depending on each 

participant. Additionally, this method allowed the research to base the interview questions 

on the LES model, which is the theoretical framework of this research.  

 

Practicalities when conducting the Interviews 

A total of ten interviews were conducted for this study. The participants were the managers 

of each ICT sub-team and collaborators. As a preliminary phase for the data collection, the 

researcher had the opportunity to hold informal discussions with each participant to 

understand what are their responsibilities and roles within the company. These discussions 

allowed the researcher to understand the research context, find a suitable framework, write 

the interview questions, and adapt the order of the questions based on each participant.  



43 

 

The respondents received the interview questions beforehand so they could familiarize 

themselves with the topics and actively engage during the interview. The interviews were 

conducted in a hybrid mode. Some participants joined online via teams, and others were 

conducted face-to-face. The choice was selected by the participant based on their 

availability. It is worth mentioning that Innocar has different offices in Finland, and the 

geographic location impeded the possibility for the participants to participate in the face-to-

face mode. However, from the perspective of the researcher, neither of the modes (presential 

or online) constituted a disadvantage because of the familiarity of the users conducting 

online meetings and the technology provided by the company. Besides, it was critical for the 

researcher to maintain flexibility in terms of scheduling because managers often have busy 

schedules.  

The final interview script had fifteen questions (Appendix 1) derived from the concepts from 

the LES model, in which the main topics were the life-cycle impacts of ICT and enabling 

impacts of ICT. Based on the number of questions, the length of the interview was scheduled 

for two hours. This time allowed the researcher and the interviewees to address each question 

adequately and have a break of 10 minutes between the interview depending on the 

participant's needs. The interviews were recorded, and given that the language of conduction 

is English, an automatic and accurate transcript was generated by Teams software.  

 

3.3.2. Focus Group 

Focus group research is "a method of gathering qualitative data, which—basically includes 

involving a limited number of individuals in an unstructured group conversation (or 

discussions), "focused" around a particular topic or collection of topics" (Wilkinson, 2004). 

Focus groups are a useful tool for social science researchers. In particular, focus groups 

might increase the total number of participants in a study because they are cost-effective and 

more efficient in gathering information from several individuals (Krueger, 2014). In 

addition, cohesion among participants might be increased by their sense of belonging to a 

group (Peters, 1993). Cohesion is important because it could boost the level of trust among 

participants and influence the quality and quantity of data obtained in the session (Fern, 

2001). 
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Focus groups allow the researcher to examine the interpretations, narratives, and social 

construction of meanings during group interactions. Therefore, group processes that shape 

speech are not "biases" that need to be avoided to record opinions or attitudes and do not 

endanger the veracity of data. Moreover, the facilitator in the focus group should not interfere 

by guiding opinions on the focus group. The facilitator’s role is mainly to keep the 

participants focused on the topic (Marková et al., 2007).  

According to Morgan (1996), focus groups could be combined with other methods as an 

exploratory tool or a follow-up method. The combination of the focus group and a different 

method could allow the researcher to adopt a triangulation approach with the assumption 

that convergence of results among methods leads to accurate results  (Flick et al., 2012). 

There are five main types of triangulation, and these are: (1) triangulation by data source, 

(2) triangulation by method, (3) triangulation by the researcher, (4) triangulation by theory, 

and (5) triangulation by data type (Miles and Huberman, 1994).  

The combination of the focus group method with a different one would belong to the 

category of triangulation by method. Kopinak (1999) defines multi-method triangulation as 

“gathering information pertaining to the same phenomenon through more than one method, 

primarily in order to determine if there is a convergence and hence, increased validity in 

research findings”. In this line, the focus group was conducted as a method for feeding back 

results from interviews.  

With regard to the focus group design, the researcher followed the methodology proposed 

by Caillaud and Flick (2017).  

1. Stimulation: After finalizing the ten interviews, the researcher coded the interviews 

and prepared the preliminary results that could be discussed in the focus group. These 

results belonged to the second level from the LES model (enabling impacts from 

ICT) and served as stimuli for the participant’s engagement in the discussion. The 

results from the first level of the LES model (life-cycle impact) were excluded 

because the saturation point was already reached with the interviews, and various 

themes from this section were not the competence of the participants of the focus 

group. 

2. Discussion: The participants were encouraged to discuss the mentioned practices and 

potentially list extra practices they would consider are missing in the results. In 
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addition, the participants also discussed the potential challenges when integrating 

sustainability and ICT in the Innocar context. 

3. Results: Before closing the discussion of each section, the outcomes from the 

discussion were summarized and validated with the group.   

Practicalities from the Focus group  

The participants from the focus group were different from the interview participants. With 

the purpose of gathering a holistic perspective within the ICT team, the participants in the 

focus group were the specialists of each sub-unit from the ICT team. There were no managers 

invited to the focus group session because they had already participated in the interviews, 

and the purpose of the focus group was to confirm/reject the results from the interviews and 

explore the phenomenon from a different angle. There were a total of 9 participants. The 

focus group lasted two hours and was recorded for research purposes. As a result, the data 

from the session was a video and an automatic yet accurate transcript from the Teams' 

software.  

The participants were invited and were informed about the general topic of discussion, 

“sustainability in ICT”. Nevertheless, there was no further information provided (for 

example, the preliminary results) to avoid bias in the participant’s opinions.  The location 

for the focus group conduction was the premises of the company. To create a desirable 

environment during the session, a snack was offered to each of the participants.  

3.4. Data Analysis  

The collection of methods and techniques used to describe, classify, and visualize data in 

order to derive conclusions and interpretations is known as data analysis (Shamoo and 

Resnik, 2009). The techniques used for the qualitative data analysis will be described in the 

next sections. 

3.4.1. Interviews Data 

Based on the objectives of this study, the author adopted a “deductive thematic analysis and 

pattern matching” strategy for analysing the data. Fundamentally, it means that the 

theoretical propositions (themes) are derived from the literature and serve as a departure 
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point for the generation of the research instrument (interview questionnaire) and subsequent 

data analysis (Pearse, 2019). It is worth noting that in this context, the “deductive” strategy 

is not linked with the objectives of a quantitative deductive study because of the inherited 

differences between qualitative and quantitative research. Moreover, it should not be 

confused either with the general research approach (section 3.2.3) as the latter is related to 

the philosophical nature of this research, whereas the strategy aborded in this section 

concerns only the analysis procedure for data. 

Particularly, the following steps were applied based on the methodology by (Pearse, 2019): 

1. Codebook application: The codebook was created based on the LES Model, and it 

was applied to the collected data. The process involved revision and confirmation 

that the code, in fact, appeared in the data. The coding technique applied is 

“Provisional coding”. This technique states that the set of codes can be developed 

from literature review related to the study, previous research findings, a pilot study 

framework, or the study’s conceptual framework (Saldana, 2015). The author 

considers that given that the objective of this study is to evaluate the potential impacts 

of ICT in a specific context, a systematic codebook may generate more reliable 

results rather than conducting an inductive thematic analysis. The advantage relies 

on in that the potential emerging impacts from ICT could be directly linked to the 

theory from the framework, whereas if using a different technique such as inductive 

thematic analysis, the emerging concepts would be subject particularly to the 

knowledge of the author and the research context, limiting its link to existing theory. 

2. Theme identification: Since in deductive thematic analysis, the codes have already 

been derived from the literature, the researcher’s main objective is to “match” the 

data to the themes.  

3. Analysis in relation to the theory: In this step, the researcher analysed the codes that 

registered relevant evidence from the data and codes that did not register evidence 

from the data. Relevant evidence is considered as answers provided by interviewees 

that could be linked to the concepts from the framework.   Codes that are relevant 

confirm a specific impact of ICT within Innocar’s context. Codes that do not register 

relevant information may constitute an opportunity for development for Innocar.  
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Moreover, in questions related to the Life-Cycle impact level, in cases in which the 

respondents did not provide relevant data, the author decided to search for secondary data to 

fill the gap. The secondary data constitutes public sustainability reports, suppliers' codes of 

conduct or any public documentation from a particular supplier that would be relevant to the 

concepts from the theoretical framework and questions. It is likely that the participants were 

not aware of the information from their suppliers, and claiming that there is not any 

information available would lead to unreliable results. However, when it comes to questions 

related to the enabling impact level, there is no secondary data that could provide additional 

insights than the ones mentioned either in the interviews or focus group.  

 

3.4.2. Focus Group Data 

Provided that the purpose of the focus group was the triangulation of results, the 

determination of the level of agreement within the focus group as a whole was crucial. Thus, 

the author opted to use the micro-interlocutor analysis technique proposed by Onwuegbuzie 

et al. (2009). Fundamentally, this technique uses a matrix in which the following codes could 

be used to describe the agreement or dissent within the focus group discussion:  

• A = Indicated agreement (i.e., verbal or nonverbal)  

• D = Indicated dissent (i.e., verbal or nonverbal)  

• SE = Provided significant statement or example suggesting agreement 

•  SD = Provided significant statement or example suggesting dissent  

• NR = Did not indicate agreement or dissent (i.e., nonresponse). 

 

The results from the matrix will be discussed in chapter 4.  

 

3.5. Verification of Findings 

There are data quality issues associated with qualitative data. Hence, the researcher needs to 

take action to ensure data quality (Saunders, 2015). In the next sections, these issues will be 

addressed. 
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3.5.1. Reliability/Dependability 

This basic idea of this concept is based on the premise that the same outcomes would be 

attained if the same circumstances were seen twice, which is known as repeatability 

(Trochim and Donnelly, 2001). The findings derived from this research are not intended to 

be repeatable since they reflect the reality and circumstances at the time of writing this study. 

These circumstances are highly subject to change; for example, economic, political, or even 

managerial changes would directly impact the reality reflected in this study. The reason for 

selecting a qualitative method over a quantitative one was the flexibility that qualitative 

research could provide when exploring a complex topic.  

Realistically, researchers could not practically recreate the same outcomes in a different 

context. Even if a researcher attempted to replicate the findings in the same setting, the 

findings would differ because one of the company's goals is to assess the findings of this 

study in order to possibly make changes that would take advantage of the enabling effects 

of ICT and boost the department's sustainability. Also, if the same phenomenon (the impact 

of ICT in a company) were to be studied, the methodology might be repeated, and the results 

would depend on the context; therefore, they could not be compared to the findings of this 

research.  

3.5.2. Interviewer and interviewee bias 

According to Saunders, (2015), interviewer bias may arise from comments, tone or non-

verbal behaviour,  or lack of credibility of the interviewer. In order to address this potential 

issue before collecting the data, the author became informed about the research topic by 

writing the literature review and critically revising the potential research framework. In 

addition, the author became familiar with the organization through the company's 

introductory training, reading the company's sustainability report, and having informal 

conversations with each team's manager to understand their functions inside Innocar. When 

conducting the interviews, the author used principally the set of questions prepared for the 

interview. The author avoided any type of positive or negative comments and explained to 

the interviewees that there were no right or wrong answers to the questions. Similarly, when 

moderating the focus group, the author prepared all the materials required for the session 

and these were revised by the company for their approval. The author familiarized herself 
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with the requirements of how to moderate a focus group and maintained a neutral position 

during the session.  

Related to the interviewee bias, it can be caused by the interviewee’s perceptions towards 

the interviewer (Saunders, 2015). To avoid any misconception about the objectives of this 

research, the high management from the ICT team held an information session where the 

objectives of the research were socialized and the participation of the members of the 

organization was requested. Furthermore, it was ensured to all the participants that 

independently from the participation either in the focus group or in the interviews, their 

confidentiality and the company’s confidentiality were taken into account. The potential 

outcomes from the research would provide suggestions of how to leverage the impacts of 

ICT that could be analyzed and implemented with the team’s help and collaboration. There 

was no risk to any of the participant’s job positions.  

3.5.3. Generalisability/transferability 

According to Saunders, (2015) this concept refers to the extent to which research findings 

apply to another setting. Despite examining the nature of a single case (Innocar’s context), 

a representative sample from the ICT team was collected. In both methodologies, the 

perspectives of each sub-team were taken into account. Besides, the base of this study is the 

LES theoretical framework which in turn is directly related to the sociological structuration 

theory. In practice, it means that the potential findings from this research may have a broader 

theoretical significance than the cases where results emerge from the grounded theory from 

a single case. With regard to transferability, the author has developed a full description of 

the research design and the context. Therefore, it may allow a different researcher to design 

a similar project to be used in a different yet suitable research context. 

In contrast, the author acknowledges that the methodologies used in this research, such as 

semi-structured interviews and a focus group, cannot be used to draw any statistical 

generalization about an entire population. 

3.5.4.  Validity/Credibility 

In qualitative research, a high level of validity/credibility can be achieved by using clarifying 

questions and exploring responses from a variety of angles (Saunders, 2015). In the case of 
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this research, the semi-structured interview allowed the researcher to have the flexibility to 

clarify questions and use probing meanings when conducting the interviews. In addition, the 

author conducted a focus group with a specific design for interview results triangulation 

(section 3.3.2). Because the focus group participants were different from those from the 

interviews, this ensured the exploration of various perspectives from the responses from the 

interviews. 
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4. Results 

This chapter discusses findings from the interviews and focus group with a basis on the LES 

model. The chapter's final section provides a short summary of the findings. 

4.1. Interview Results  

This section is split into four subsections covering the results of the production and disposal 

of ICT, use of ICT, enabling impact production, and enabling impact consumption.  

4.1.1. Production and Disposal of ICT (Level 1: Life-cycle Impact)  

Production of raw materials: During the interviews, the participants were asked about the 

hardware suppliers and their sustainability practices in managing raw materials. The 

respondents manifested they were not aware of this topic. Only two participants admitted to 

a general understanding of their hardware suppliers' supply chains and expressed trust in the 

reports the suppliers publicly displayed. For example, Interviewee 9 mentioned, “we have to 

trust the reports. I don't think they would lie. I'm sure there are people who really follow this 

report and ensure that whatever is written is truthful there”.  

Given the scant information gleaned from interviewees regarding this question, the author 

decided to revise the public reports of Innocar’s hardware suppliers. There are six main 

hardware suppliers, four hardware manufacturers, and two resellers. The hardware 

manufacturers have their own supplier code of conduct and policies about conflicting 

materials. The methodology to report the GHG emissions is not specified, except in one 

supplier that requires the Greenhouse Gas Protocol or an equivalent. Concerning the 

potential presence of conflicting materials, three suppliers request to follow practices aligned 

to the “Business Alliance Code of Conduct” (RBA, 2021) or the “OECD Due Diligence 

Guidance for Responsible Supply Chains of Minerals from Conflict-Affected and High-Risk 

Areas” (OECD, 2016). The resellers' suppliers do not have with a public supplier code of 

conduct. Table 2 depicts the particular requirements of each supplier. It is worth mentioning 

that Innocar mainly acquires hardware products through resellers, denoting that the hardware 

manufacturers are considered indirect suppliers.  



52 

 

Table 2. Suppliers' Requirements for GHG emissions and conflict  materials 

Supplier Code Supplier 

Code of 

conduct 

Requirements for GHG emissions and conflict materials 

Hardware Supplier 1 Yes Suppliers should use the Greenhouse Gas Protocol or equivalent 

standards when reporting emissions and shall include scope 1, 2, and 

scope 3 material emissions categories. 

 

Conflict Materials should follow the Business Alliance Code of 

Conduct. 

Hardware Supplier 2 No Reseller 

Hardware Supplier 3 No Reseller 

Hardware Supplier 4 Yes Suppliers should report publicly all relevant Scopes 1 and 2 

greenhouse gas emissions. There is no specific methodology. 

 

Conflict Materials should follow the Business Alliance Code of 

Conduct. 

Hardware Supplier 5 Yes Suppliers should reduce emissions and report them. There is no 

specific methodology or scope of emissions.  

 

Conflict Materials should follow the OECD Due Diligence Guidance 

for Responsible Supply Chains of Minerals from Conflict-Affected 

and High-Risk Areas. 

Hardware Supplier 6 Yes Suppliers should document and track their greenhouse emissions. 

There is no specific methodology or scope of emissions. 

 

Suppliers should develop a policy for responsible sourcing of 

materials. There is no specific standard.  

 

Production of ICT Hardware: Similarly, the participants were asked about the 

sustainability practices of the hardware suppliers. The participants (7 out of 10) were 

unaware of the topic. Two respondents assumed that there must be a sustainability report; 

for example, Interviewee 8 stated, “I guess those big ones (suppliers), they have to be 

(sustainable) because it's important,  but we have never discussed or gone through 

technically with them. I don’t know exactly which types of programs they have to handle it 

(sustainability). Then, of course, the kind of smaller suppliers or providers still maybe not 

be so deep in this topic”. Interviewee 9 mentioned remote assistance as a sustainable practice 

since it prevents international travel.  

The author chose to revise the hardware supplier’s public sustainability reports because there 

was insufficient information on this subject learned from interviews. The majority (3 out of 

5) reported the ISO14001 (International standard for designing and implementing an 

environmental management system) (ISO, 2022) as evidence of sustainability practices. 

Hardware Supplier 4 reported the CO2 emissions based on the GHG Protocol as evidence. 
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Besides Hardware Supplier 6, in addition to the ISO14001, it also presented the ISO50001 

used for energy management systems. In the case of Hardware Suppliers 2 and 3, there was 

not a public sustainability report. Table 3 depicts the particular evidence of sustainability 

practices found in the public reports. 

Table 3. Hardware supplier's sustainability evidence from public reports 

Supplier Code Public sustainability 

report 

Standards used as evidence.  

Hardware Supplier 1 Yes ISO14001 

Hardware Supplier 2 No (Reseller – not public evidence found) 

Hardware Supplier 3 No (Reseller – not public evidence found) 

Hardware Supplier 4 Yes ISO 14001 

Hardware Supplier 5 Yes GHG Protocol 

Hardware Supplier 6 Yes ISO14001  

ISO50001  

 

Production of Software: When the respondents were asked about the sustainability 

practices of software suppliers, six out of ten participants replied that they did not know this 

topic. Interviewee 4 assumed that the big software suppliers should have a report because, 

given the significant supplier size, the law in Finland would require them to report on 

sustainability.  

Interviewees 8, 9 and 10 felt confident that sustainability is taken seriously among Software 

Supplier 2 and Software Supplier 7 but could not provide a specific proof for the information. 

For instance,  Interviewee 10 commented, “I have a limited knowledge myself, but I believe 

that in Software Supplier 7, these issues have been taken account very seriously, and I 

believe the situation with Software  Supplier 2 is the same”. In the same line, Interviewee 8 

stated, “Software Supplier 7 and  Software Supplier 2, I think they have sustainability 

programs, but we have not discussed much with them about it. Of course, they are saying 

something about that (sustainability practices) in the advertising, but we have not really 

analyzed what it means from our point of view”.  

The author revised the software supplier’s public sustainability reports to find information 

about this topic. Three out of nine suppliers did not have a public sustainability report. 

Suppliers 1 and 9 had a public sustainability report but did not present significant evidence 

about their commitments to sustainability practices.  Suppliers 2, 4 and 6 have a global 

sustainability report comprising their software and hardware practices as they provide both. 

Software supplier 7 is the only one that does not have hardware equipment related to their 
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business lines and presented evidence in the sustainability report. Table 4 depicts the 

evidence of each software supplier.  

Table 4. Software supplier's sustainability evidence from public reports 

Supplier Code Public sustainability report Standards used as evidence. 

Software Supplier 1 Yes No 

Software Supplier 2 Yes ISO 14040  

ISO 14044 (note it is because it is a mix of 

software and hardware provider) 

Software Supplier 3 No - 

Software Supplier 4 Yes ISO 14001 (note it is because it is a mix of 

software and hardware provider) 

Software Supplier 5 No - 

Software Supplier 6 Yes  ISO 14001  

ISO 50001 (note it is because it is a mix of 

software and hardware provider) 

Software Supplier 7 Yes ISO 14001 

ISO 50001 

Software Supplier 8 No - 

Software Supplier 9 Yes No   

 

Recycling of ICT Hardware:  The participants were highly aware of the internal processes 

for recycling ICT at Innocar. Based on the responses, the sub-team mainly in charge of the 

process is the “Service Desk”. If an end-user device, such as a laptop, headphones, or mouse, 

is broken or faulty, the end-user should take it to the service desk. Then the personnel would 

revise it and try to repair it if possible.  Interviewee 6 stated, “If the device is broken, since 

we buy the same model, we may have some spare parts. We don't buy our devices with the 

lease contract; the device stays in the house”. If the device cannot be repaired, it will be 

disposed in its specific container. Interviewee 10 mentioned, “I know we have locked 

containers where the service desk sorts the items”.  

In contrast, if the device is, in theory, functional but does not fulfil the software requirements 

and is obsolete for its initial purpose, it is likely that the device will be transferred to the 

manufacturing unit where software requirements aren’t as high for a second life.  Interviewee 

6 noted, “Recycle starts already inside of Innocar, meaning that if there's a high-end laptop 

given to an office user when he feels that it's slow or not up to the task anymore. It would be 

returned to our service desk. They evaluate if this device is still feasible. Then usually, these 

devices might find a second life in our production, which means that in a dusty industrial 

environment, it doesn't matter if the keyboard is a bit old”. 
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If the device is functional but no longer required at Innocar, it is sent to a partner company. 

Then the device is reconditioned and resold at the partner company. Innocar also received 

monetary compensation from this process.  About this topic, Interviewee 1 indicated, “So 

whenever we decide that, for example, some PC or mobile phone is not capable of running 

our applications anymore or has some hardware defect, we send it to a partner company, 

and they recycle it. In some cases, it goes to trash, but in some cases, they repurpose it and 

sell it, and then we also get some money back. But that is not a continuous process. We 

gather the devices for some months, depending on the current situation. Then when we have 

enough storage, we send it to them—only a few times per year”.  

With respect to smaller devices (keyboards, headsets, or mouse), because they are considered 

more personal devices, in most cases, they are not repurposed unless their state is 

exceptionally good. They are only deposited in a specific container. Interviewee 4 

commented, “Headsets, keyboards and mouse are hygienic devices. If they are used, we 

can't give those to new users, except for the noise-cancelling headsets. Those are something 

that we will clean and give forward. But, smaller pieces, for example, basic mouse and 

keyboards, we will not keep those for the next users. Unless they are in very good shape or 

condition”. Furthermore, all the participants agreed that these practices are not formally 

stated in company procedures.  

Final Disposal of Residues: The final disposal of residues is outsourced. After Innocar sorts 

its e-waste components in specific containers, the sourced company continues with the end-

processing treatment. Interviewee 10 remarked,  “We have a partner that takes care of  our 

factory cleaning and maintenance and also this this electronical waste handling. We have a 

collection point where we put these items and they handle it according to certain process, 

they have certain they are certified for recycling”. The author verified the partner company 

certifications and those are  ISO 9001 (quality), ISO 14001 (environment), and (ISO 45001, 

occupational health and safety).  

Provided that the final disposal of residues is a process that does not happen in the premises 

of Innocar, then six out of ten participants responded that they don’t know about the final 

disposal of resitdues process.  
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4.1.2. Use of ICT (Level 1: Life-cycle Impact) 

Use of  ICT Hardware: When questioned about the knowledge of the current hardware 

energy consumption used within their specific team, the entire sample of participants 

answered that they do not currently have any figures or metrics describing energy 

consumption. Overall the teams use the standard laptop provided by the company, and only 

a selected group of employees use a more powerful computing device for engineering 

purposes. Interviewee 6 expressed,  “We were using mainly these standard laptops, but the 

laptops used in this kind of engineering work are more powerful ones with more computing 

power, so it is clear that these devices might consume more energy. I don't have any figures 

or actual numbers to kind of back that up. But just kind of a side note, the devices used by 

my team may be more energy-consuming.” Interviewee 1 answered, “When we pick new 

device models, the selection issues usually are based on the business need, not on the energy 

consumption”. In like manner, Interviewee 8 explained, “We don't have that information. We 

mainly look for other functions; we don't look at this (sustainability) perspective, we maybe 

need to do it better, but it's the current state”. 

 

Use of Infrastructure for ICT: Innocar counts partially with their own infrastructure but 

also outsources it. Apropos of the owned infrastructure, participants were asked about their 

knowledge of the current ICT Infrastructure energy consumption. Participants responded 

that they do not currently have any figures or metrics describing the energy consumption, of 

their owned ICT Infrastructure, including the data centres. There are points where energy 

consumption is tracked; moreover, whether there is a particular aggregate for data centres is 

unknown. Interviewee 10 described, “We have many measuring points available for different 

process areas, and I believe there is also a reading available about the consumption of data 

centre electricity. I'm not sure, but I believe.” Interviewee 8 mentioned, “We are using in 

our data centre the centralized cooling process. I know that it's not well efficient because it's 

pushing the air to the earth. We have a problem; we certainly need better premises for IT 

servers and things in the near future, but when? At least not this year”. 

In relation to the outsourced ICT Infrastructure, the interviewees were questioned about their 

understanding of the vendor’s ICT Infrastructure sustainability practices. Eight out of ten 

participants commented that they had no knowledge about this subject. Further, some 
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respondents mentioned this topic would be out of their ICT sub-team scope. Interviewee 1 

“It hasn't really been a topic in the conversations or when making agreements or anything.” 

Interviewee 3 answered, “I don’t know. I have not needed to find out.” Some participants 

assumed that because the ICT infrastructure suppliers are large companies, they should have 

a sustainability report. For example, Interviewee 9 noted, “Big vendors always market about 

how they're sustainable. I think all companies now are big on sustainability, so they try to 

minimize the carbon footprint”. Interviewee 10 mentioned, “Infrastructure Supplier 1 is 

quite a large company, so there should be (a sustainability report).”  

The author opted to revise the supplier code of conduct and sustainability reports from the 

suppliers to find information about environmental sustainability. ISO14001 is used by three 

out of 6 suppliers. Two suppliers do not have a particular certification, but a third-party 

assurance evaluates the practices and data with a basis on a standardized methodology. With 

regard to the supplier code of conduct, only Infrastructure Supplier 3 specifies the scope and 

the methodology the suppliers should use when reporting the emissions. Table 5 displays the 

specifications of each infrastructure supplier.  

Table 5. Infrastructure supplier's sustainability evidence and supplier code of conduct sustainability requirements  from 

public reports 

Supplier Code  Supplier Code of conduct and Management of  Materials Certifications in 

environmental 

sustainability 

Infrastructure 

Supplier 1 

The supplier should count with certification the same or 

equivalent to ISO14001.  

There is no precise public information about conflict materials.  

ISO 14001 

Infrastructure 

Supplier 2 

The supplier should report energy consumption and 

Greenhouse Gas Emissions from Scopes 1 and 2. There is no 

specific methodology.  

 

Suppliers should follow the Organization for Economic Co-

operation and Development (OECD) Due Diligence Guidance 

guidelines for a Responsible Supply Chain of Minerals. 

Third-party insurance 

evaluation criteria 

based on GHG 

Protocol Standard 

Infrastructure 

Supplier 3 

Supplier shall set verified science-based targets or similar (for 

relevant Scope 1, 2 and 3 as described in GHG Protocol 

Corporate Standard) by 2023. 

 

Suppliers involved in take-back, recycling and waste 

management shall be certified according to ISO 14001 or 

EMAS. Suppliers should ensure that conflict minerals are not 

used in any of the equipment the company buys from them. 

ISO14001 

Science-based target 

label in the verification 

process 

Infrastructure 

Supplier 4 

Suppliers must conduct their business according to all 

applicable environmental laws, rules, and standards. It does not 

define which standard or methodology should be used.  

 

Suppliers should not engage in extracting, trading, handling 

and exporting conflict materials. There is no specification on 

Third-party verification 

in concordance with 

ISO 14064 



58 

 

the evidence the supplier should present or the audit process 

specifications. 

Infrastructure 

Supplier 5 

Suppliers should follow the OECD guidelines to prevent 

products or materials from conflict.  

 

There is no particular information about CO2 emissions.  

ISO 14064-1 

Infrastructure 

Supplier 6  

Suppliers should follow the responsible business alliance code 

of conduct; all relevant Scopes 1 and 2 greenhouse gas 

emissions are to be tracked, documented, and publicly reported 

against the greenhouse gas reduction goal. It does not require a 

specific methodology. 

 

Suppliers should follow the Organization for Economic Co-

operation and Development (OECD) Due Diligence Guidance 

guidelines for a Responsible Supply Chain of Minerals.  

ISO 14001 

ISO 50001 

 

Use of Software: When the respondents were asked about their knowledge of software 

energy consumption, the entire sample replied that they do not have knowledge about this 

matter. For instance, Interviewee 5 commented, “Nothing we are following or even are 

aware of.” Interviewee 7 stated, “I cannot give any metrics.” Unlike hardware or 

infrastructure suppliers, the author could not find public information about software energy 

consumption from software suppliers.  

4.1.3. Enabling Impact Production (Level 2: Micro Level Enabling Impact) 

Media Substitution:  The ICT department has continuously supported digitalization 

processes to reduce paper consumption. Interviewee 4 answered, “We promote e-invoices.” 

Interviewee 7 noted, “ There is the Intelligent manufacturing program that is linked to ICT. 

One topic is paperless production and digitization, to mitigate the waste in production 

through ICT.” 

Besides, a project in development seeks to replace individual computational power with 

centralized computer power, which would be more efficient, long-lasting and controllable. 

Interviewee 6 explained, “we are studying the possibility of implementing this concept about 

virtualized workstations. This means that instead of equipping each design engineer with a 

powerful laptop, we invest in virtualized workstations.” 

Process Optimization: ICT teams have taken part in developing systems that allow package 

reuse and recycling reducing the waste that would be generated in case these were only used 

once. Interviewee 4 explained, “I know that in ICT, we have developed our systems and 

software to help, for example, packaging for a recycle and reuse some of the packages. The 
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key users have quite an important role in developing the systems. Let's say, especially in the 

production system. Now it's the time that we put more effort on, you know, lean.”  

A corporate setting automatically activates the screensaver mode after inactivity is detected 

to optimize the energy usage of end-user devices. Interviewee 6 described, “There's a 

corporate setting where there is a screensaver enabled after inactivity. Some network-

related equipment might have the standby mode. If a device monitors that there is no activity 

within a certain time, it might get into this type of power-saving mode.”  

Another critical and recent implementation is the possibility of remote work, especially after 

the COVID-19 pandemic because it would reduce the need of commuting and in that way 

eliminating the emissions of private vehicles. Interviewee 8 mentioned, “When corona 

started, we tried to arrange and enabled, full wide, remote working and technically, of 

course, it's a big thing from in sustainability point of view that a lot of persons don’t travel 

day by day to work and back.” Likewise, Interviewee 9 replied, “VPN enables working from 

home, and it comprises all the benefits of remote work and sustainability—less international 

travel”. 

ICT enables process optimization indirectly by creating and monitoring KPIs that serve as a 

tool for decision-making. Interviewee 5 remarked, “We help to create some KPIs or 

something to measure, for example, energy usage. So from my department's perspective, to 

help to build and monitor them (KPIs). There are probably only a few at the moment, but 

that data goes through our warehouse.” 

Externalization of Control: The only practice in place is tracking the material scrapping. 

This practice enables sustainability in the sense after the final product is assembled. If a 

material presents a flaw, it cannot be used in the end product. If it requires a piece 

replacement, it should be disassembled, potentially generating waste since not all the pieces 

could be reused in the manufacturing process. The product, in general,  would require more 

electricity to be manufactured, leading to a higher CO2 footprint. Interviewee 5 noted, “We 

follow the scrapping, so if some material or product gets scrapped, those are followed 

through our reports. If a material part or something is faulty it cannot be used in the end 

product, so it needs to be thrown away”.  

A project in development would allow the company to track the entire life cycle of the end 

product, including the materials required, possible faults during its use, and how it was 
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recycled in its end life.  Interviewee 5 stated, “The end-product passport would enable 

tracking the materials used in the end-product all the way to when it's used and how it's 

recycled.”  

However, there are some restrictions on the use of these methods due to security concerns 

because the externalization of control processes is directly linked to networks. Interviewee 

7 explained, “But for remote control, that is somewhat of a security topic, so depending on 

the case, we might be able to allow that, but in some cases that if it's production critical, 

that is not currently possible to some extent due to security issues.” 

 

4.1.4. Enabling Impact Consumption (Level 2: Micro Level Enabling Impact) 

Media Substitution: One of the practices in the ICT department is to close down the 

hardware infrastructure that may be discontinued or is not functional. Interviewee 1 

commented, “Our target is to shut down all unused hardware, so they're not running and 

using electricity for anything.” Interviewee 8 elaborated on this situation, “The problem part 

what I see is that we have in our data centre some devices running even when they are not 

any more productive, or used for any productive services. They are only up and running but 

do not have a specific purpose”. 

The ICT team may fix the end-user hardware that may present low to medium damage before 

acquiring a new brand-new device. Interviewee 2 stated, “We also try to fix the equipment. 

There is a local support team; they can change the box for laptops or desktops, wipe and 

clean and even fix if there are easy things to do or fix.” It is also part of the culture of Innocar 

to promote an adequate time for life-span for the devices. Interviewee 7 explained, “I think 

that the lifespan of the device is that we are using the Innocar promoted to not make waste 

if it is not required. We change our device only when it is really required”. 

The shift of data or software running in the cloud as a more sustainable option than hosting 

data on-premises is also present. This option is environmentally sustainable only when the 

establishment that hosts the cloud has adequate energy management and a transparent supply 

chain. The author could confirm that the cloud used by Innocar follows environmental 

sustainability practices as it belongs to software supplier 2 (section 4.1.1). Interviewee 4 
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commented, “Sustainability, of course, we are always promoting. You know, less expensive 

and more accessible software or some cloud option if possible.” 

Process Optimization: The practices mentioned in section 4.1.3, such as remote work or 

screen savers enabled, also benefit the ICT team operations and were recurrently mentioned 

in the interviews. There were no additional practices mentioned among participants.  

Externalization of Control: No practices concerning the externalization of control 

processes were registered in the interview data.  

Three out of ten respondents said that no actions were currently being taken when asked 

about sustainability practices their departments had implemented to reduce the number of 

natural resources used by ICT operations (such as waste reduction or less energy 

consumption). 

 

4.2. Focus Group Results 

The main objective of the focus group in this study was to validate the findings from the 

interview’s data, precisely the ones in sections 4.1.3 and 4.1.4. With regard to the enabling 

impact from the production perspective, the group achieved a general consensus with the 

practices mentioned by the managers (Sections 4.1.3 and 4.1.4). For example, Participant 6 

stated, “Probably all of us have contributed to it; it's that we lessen the amount of paper 

waste in production. Basically, almost everything of the development that we do lessens the 

amount of paper waste that production prints out for various processes that they need to fill 

out or take notes. Just out of memory, at least, we developed a couple of different small 

applications that limit the use of Excel, and if they do everything in Excel, then they are 

bound to print out those Exel sheets”. Along the same line, Participant 3 noted, “Well, I have 

an idea about one thing, for example, DocuSign, the change it has made for our work 

because earlier we had all the agreements, different types of orders in the email, and we had 

to print those out, get those physically signed, scanned them and then send them by email. 

So it was a completely useless paper waste. Nowadays, we don’t print those.”  

The group concurred on the view that the area in which they may influence the most is when 

building better tools for production planning. Participant 6 explained, “I think production 
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engineering might be the biggest way that the ICT department can influence the 

sustainability of our company”. Nonetheless, there is still a limitation to the analytics 

capabilities that the company can leverage. For example, Participant 2 mentioned, “In the 

transportation side, we have not put in practice analytics in logistics much, but there is 

something we would do there to make it more efficient of how we move goods or how we 

move parts (of the end product).”   

Participant 4 developed, “I was thinking the same, there are packages outside, and there are 

people that are calculating them every morning. There should be some program that updates 

when the packages are moved outside the factory, and the numbers should be there; maybe 

once a week, they can calculate if the figures are correct or something.”  

Concerning the enabling impact from the consumption perspective, the group reached a 

consensus about the practices mentioned in the interviews since six out of ten participants 

explicitly agreed with the findings. In this section, Participants 1 and 7 did not indicate either 

agreement or disagreement in the discussion. During the dialogue, a potential sustainability 

practice emerged among the participants. It appears that end-users have the propensity to 

misuse company devices. A public awareness campaign could be a feasible way to reduce 

the frequency of laptop or cell phone accidents raising awareness about environmental 

damage and the cost generated to the company. Participant 5 mentioned, “I think that the 

end users are using this very highly expensive stuff like trash, so they are using laptops as a 

hammer or throwing the coffee over on those, and the warranty won't cover it if they are 

causing the harm. Almost every day, we get these very expensive laptops that are totally 

broken. Yeah, accidents happen, but it seems that they don't care so much because these are 

companies' stuff, not their own. One day I saw when it was raining very hard, someone was 

running in the yard, and she was keeping the laptop on top of her head as an umbrella, the 

engineering laptop of €3000.” Upon some additional discussion, the potential solution the 

participants agreed to was stated by Participant 4, “So maybe we should educate them (end-

users) or the managers about the cost that they are causing. The managers are the ones who 

actually pay from their own budget. We would think that they don't want their employees 

smashing the computers.” 

About practices in relation to the interview findings, Participant 6 indicated, “Migrating our 

system to the cloud environment is an easy way to generate some savings and be greener. I 

guess there are these energy costs that we keep coming back to; we could get our hands on 
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these tough statistics and push for that. I don’t think it is a weird thing to ask our service 

providers; they will know it, and they are interested in what type of energy consumption their 

data centres have.”  

Furthermore, during the focus group session, the participants were questioned about the 

potential challenges they may face when implementing sustainability practices, either from 

the consumption or production perspective. Among the most important findings are (1) that 

the company culture is not focused on sustainability when making decisions, (2) the ICT 

team is unclear about the sustainability team's role within Innocar, (3) there is concern that 

changes to practices related to sustainability may not be accepted or may result in a 

significant increase in work, (4) that employees lack knowledge of sustainability, and (5) 

when selecting a supplier, sustainability is not a factor that would be given much weight.  

Participant 6 commented, “Our leadership needs to have the motivation to see it through. 

We can suggest any kind of suggestion, but if they don't have the will to see through, then 

nothing gets done about it in the end. It's so much up to the directors and what they feel we 

need to do, what they think is mandatory to see it happen, and then it will happen. I think we 

have proven that we can jump through those hoops, but if they are a bit like, let's see how 

somebody else does it first, even though it (sustainability) is one of our commitments, but it 

needs to become a reality.” Participant 2 stated, “When thinking about future projects, we 

focus on effectiveness, budget, and there are so many dimensions to think about that adding 

sustainability in there too, I would not say it is hindering, but it would not make it any 

easier”.  

Participant’s 3 response about if the role of the sustainability team is clear in the company, 

“No, it's not so clear. You can read about them every now and then from the Internet, but 

that's all”. Participant 8 said, “From personal experience, I've had minimal, if at all, no 

interaction with sustainability personnel.” Participant 5 mentioned, “I needed to Google 

what it (sustainability) means before I came here (the focus group session)”. Participant 4 

said, “I think that I have heard a little bit about the sustainability group, some general 

information but nothing else. There is the word in the mug, but how can we improve 

ourselves with sustainability? I don’t know.”  

Participant’s 3 responses about sustainability as a criterion when choosing a new supplier. 

“I would like to say that even if there was a standard and we have some kind of number that 
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the supplier scores 8 in the sustainability scale, it would not weigh as much as the price or 

if it's a local supplier or another attribute. I am afraid it would not weigh nearly as much. 

At the end of the day, it is up to the sourcing department, we can consult them and say we 

would really like it to be this one (the supplier), but then they can come back to us with a 

different alternative.” 

Table 6 summarizes the responses in relation to agreement from the focus group participants.  

Table 6. Agreement among the participants of the focus group session 

 P1 P2 P3 P4 P5 P6 P7 P8 

Enabling 

Impacts 

Production 

Practices 

A A SE A SE SE A SE 

Enabling 

Impacts 

Consumption 

Practices 

NR SE A A SE SE NR SE 

P# = Participant number 

A = Indicated agreement (i.e., verbal or nonverbal) 

S = Indicated dissent (i.e., verbal or nonverbal) 

SE = Provide a significant statement or example suggesting the agreement 

SD = Provided significant statement or example suggesting dissent 

NR = Did not indicate agreement or dissent (i.e., nonresponse) 
 

4.3. Summary of Findings  

 

Table 7 presents a summary of the findings from life-cycle impact (level 1) and enabling 

impacts (level 2) from the interviews and focus group data.  

 

Table 7. Summary of Findings 

Impact Level 

from 

Framework 

Concept Findings 

Level 1: Life-

Cycle Impact 

Production of Raw 

Materials 

Hardware Suppliers 1,4,5, and 6 require to their 

providers to report the greenhouse emissions. Only 

Hardware Supplier 1 specifies the methodology in 

alignment to GHG Protocol.  

Concerning conflict materials, Hardware Suppliers 

1,4, and 5 use the Business Alliance code of conduct 

or the OECD guidance for responsible supply chains. 

Hardware supplier 6 states that its providers should be 

responsible sourcing but it does not specify a 

methodology for it.  
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Production of ICT 

Hardware 

Hardware Suppliers 1,4, and 6 use ISO 14001 as 

evidence for environmental sustainability. Hardware 

supplier 5 uses the GHG Protocol. Hardware suppliers 

2 and 3 do not have evidence of public reports and they 

are resellers. 

Production of Software Software suppliers 1,3,5,8, and 9 do not present 

evidence of environmental sustainability practices.  

Software Suppliers 2,4, and 6 present some 

certifications as evidence; moreover they produce 

hardware and software. Software Supplier 7 presents 

evidence for environmental system management and 

energy management.  

Recycling of ICT hardware There are practices and partnerships at Innocar that 

allow a correct reuse or recycle of the end-user 

equipment.  

Final disposal of residues The final disposal of residues is outsourced by a 

company which has a certification for managing 

waste. The author could not find public information 

about the certification or methodology for e-waste. 

Use of ICT Hardware There is no current knowledge/metrics about the ICT 

hardware energy consumption.  

Use of Infrastructure for 

ICT 

There is no current knowledge/metrics about the 

owned ICT Infrastructure energy consumption.  

 

Regarding the outsourced ICT Infrastructure all the 

suppliers present a certification as evidence of 

environmental sustainability.  As to the Infrastructure 

Suppliers 1,2,3, and 6 own management of materials 

and supplier code of conduct, they require the 

reporting of emissions and guidelines for responsible 

resourcing. Infrastructure supplier 4 does not present a 

specific guideline/standard to conflict minerals. 

Infrastructure supplier 5 does not mention 

requirements for CO2 emissions disclosure.  

Level 2: Micro 

Enabling 

Impact 

Production – Media 

Substitution 

-Digitalization of processes to lessen the use of paper 

throughout the organization. 

-Virtualized Workstations. 

Production – Process 

Optimization 

-Developing systems that allow package reuse and 

recycling to reduce waste. 

- A corporate setting automatically activates the 

screensaver mode after inactivity is detected to 

optimize the energy usage of end-user devices. 

- ICT enables process optimization indirectly by 

creating and monitoring KPIs that serve as a tool for 

decision-making. 

-Remote Work. 

Production – 

Externalization of control 

- Tracking the material scrapping. 

-End-Product passport (project in process). 

Consumption – Media 

Substitution 

- Closing down the hardware infrastructure that may 

be discontinued or is not functional. 

-Fixing hardware equipment before purchasing new. 

-Promotion adequate time for life-span for the devices. 

- The shift of data or software running in the cloud. 

-Awareness campaign on the proper use of end-user 

equipment among the employees of Innocar 

(sugession from focus group, not in progress) 

Consumption – Process 

Optimization 

- A corporate setting automatically activates the 

screensaver mode after inactivity is detected to 

optimize the energy usage of end-user devices. 
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-Remote Work. 

Consumption – 

Externalization of control 

No practices concerning the externalization of control 

processes were registered in the interview data. 

5. Discussion 

This chapter reflects upon the core findings from the research.  Section 5.1 analyzes the 

impact factors of ICT in  Innocar’s context. Section 5.2 presents suggestions for 

methodologies to evaluate ICT suppliers and the potential metrics that could be used at 

Innocar’s ICT operations.    

5.1. Impact Factors on Environmental Sustainability of ICT  

As stated in the Literature review chapter, particularly section 2.7, two levels describe the 

impact factors of ICT: (1) life-cycle impact and (2) micro-level enabling impact. When 

analyzing the life cycle impact level, the information gathered from the interviews was 

scarce about the concepts of production or raw materials, production of ICT hardware, and 

production of software. Following the deductive thematic analysis methodology, if the data 

does not match the concepts derived from the theory, it would mean that the framework or 

theory is not entirely present in the research context. Yet, it is clear that the ICT impact 

factors are still at play in this instance despite the respondents' lack of knowledge. The 

environmental impact persists even when no corporation officially reports it.  

Thus, the author decided to use secondary data from the official public reports of the 

suppliers to fill the gap in the data. In practice, the results can be interpreted as there is a lack 

of knowledge at Innocar about production or raw materials, production of ICT hardware, 

and production of software, but the impact is present as far as an enterprise uses natural 

resources to supply a product or service. Given that the ICT function at Innocar is a 

supplementary unit and not the main line of production, in order to minimize the negative 

effects of environmental impact, it is critical to pay closer attention to the emissions and 

energy management generated by the suppliers of ICT hardware, software, and 

infrastructure. The lack of expertise on this topic could expose Innocar to unknowingly 

collaborating with suppliers that may not be environmentally sustainable, by doing so 

Innocar unwittingly is still part of the issue and indirectly could cause environmental 

damage. 
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Innocar has no direct connection with particular hardware or infrastructure manufacturers, 

and they acquire products through resellers (Hardware Suppliers 2 and 3). Regarding the 

suppliers' sustainable business practices, including those related to packaging, shipping, and 

energy management, the author was unable to locate any publicly available information. 

These emissions are lost in the product's lifecycle footprint if they are continuously produced 

but not reported. Additionally, without measuring the impact, neither the supplier nor the 

supplier's customers can determine the impact's severity or create a plan of action to reduce 

the emissions produced throughout the supply chain. Even though Innocar is not directly 

accountable for the possible harm caused by suppliers that do not adhere to standards or 

sustainable practices, it can significantly exacerbate the issue by consistently purchasing 

goods from those vendors. 

Another crucial point is that five of nine software suppliers lacked a public sustainability 

report or failed to provide credible proof of their sustainability practices. According to the 

literature, there isn't a good way to track the footprint of software as a product. However, the 

software providers could still make a difference by prioritizing energy-efficient equipment 

for end users and managing their buildings' energy effectively (including offices and data 

centres as necessary). In a similar vein, they ought to make changes to the hardware, 

infrastructure, and other software providers' supply chains to reduce their potential energy 

impact as much as possible. 

Concerning the recycling of hardware and the final disposal of residues, there was data from 

the interviews that could match these concepts. According to the evidence, there are 

procedures in place that enable Innocar to recycle and sort the end-user equipment 

appropriately. In some cases, the hardware might be sold to a business partner who will wipe 

it down and resell it if it is in adequate condition, or it can be utilized again in another division 

of the company. The final disposal of residues is outsourced by a company which has a 

certification for managing waste. The author could not find public information about the 

certification or methodology for e-waste. Notwithstanding, any of these practices are 

formally stated in the company procedures.  

In relation to the micro-level enabling impact, both perspectives, production and 

consumption, were analyzed. The production perspective refers to the enabling impact of 

ICT in other areas of the company, while consumption refers to the sustainability practices 

that the ICT department puts in place in order to reduce natural resource consumption from 
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the ICT operations. Data from the interviews revealed that digitalising processes had been 

the primary focus of ICT's production-enabling effect. There is an ongoing project for 

implementing virtualized workstations. These practices belong to the category of media 

substitution.  

It seems that the company's analytics capabilities are still in development since there were 

no clear practices either stated by the interviewees or focus group participants that would 

directly link the ICT team with projects of optimization processes. In relation to process 

optimization, the practices mentioned by the interviewees and focus group participants 

referred to the remote work policy, screen savers enabled in laptops and monitors, and 

participation in the process of packaging and recycling. In order to leverage the effect of 

analytics, the company should focus on the automation of processes, tracking data from the 

plant floor and logistics, and analyzing data by applying reliable statistical methods to drive 

informed decision-making in the business units (Bag et al., 2021).  

Relating to the externalization of control processes, the material scrap and the ongoing 

project of end-product passport were registered in the data. It is important to emphasize that 

the practices that belong to this category represent the highest level of enabling impact of 

ICT as it often involves advanced systems in place and real-time data. Further, when 

implemented adequately, the end-product passport may represent a high source of 

competitive advantage for the company. Innocar would record all the data required to 

monitor the materials and the material’s behaviour of one of its end products. This data may 

lead to optimization processes but also would constitute a source for appropriate 

environmental sustainability reporting of the entire life cycle of the end product.  

In respect to the consumption perspective from the enabling impact, there are key areas in 

which Innocar could advance its environmental sustainability. In the category of media 

substitution, it would mainly require a thorough audit of the infrastructure equipment that 

may be outdated to be shut down from operations and adequately disposed. This process 

would reflect savings from energy consumption. In the category of process optimization, 

major developments could be implemented by tracking the energy consumption of hardware 

and the owned infrastructure. This information would serve as a base for adequate decision-

making when acquiring new hardware or making changes in the owned ICT infrastructure 

and when reporting green sustainability practices within the ICT area. In addition, a correct 

audit of the suppliers’ energy management practices and reported CO2 emissions 



69 

 

methodology would ensure that Innocar does not indirectly contribute to environmentally 

damaging practices.  

There is no current externalization of control practices in place or in progress registered in 

the category of enabling impact consumption perspective. Given the current knowledge state 

of Innocar, it is suggested that the practices mentioned above would take place initially 

before investing in advanced methods for controlling energy consumption by ICT, which is 

a direct natural source for the operations of ICT. 

 

5.2. Potential Metrics  

Measuring environmental sustainability in the ICT field constitutes a challenge because of 

each device’s diverse and complex supply chain. It all comes down to two main tasks: (1)  

ensuring that each supplier's reports are reliable and clearly state information about the 

methodology used to measure CO2 emissions and energy consumption; (2) tracking the 

hardware/infrastructure energy consumption to ensure its adequate use or potential 

optimization processes. By doing so, Innocar would ensure an environmentally sustainable 

supply chain within ICT to the best of its capabilities.  

Moreover, it is important to acknowledge the limitations of this approach as the initial 

extraction of natural resources is at a far-off level which Innocar cannot directly influence. 

It is therefore critical to also consider the supplier’s own supplier code of conduct and 

guidelines for their supply chain. In principle, all the actors across the supply chain of an 

ICT hardware/infrastructure device should commit to these practices to ensure the 

environmental sustainability of a product. Nevertheless, these may not be possible for all the 

organizations involved in the process due to technological or economic constraints.  

Concerning the suppliers from Innocar, ISO14001 (environment management system) is the 

most used as evidence for their sustainability practices. It is vital to understand that the main 

drawback of this standard is its methodology. While it provides a framework for setting up 

objectives for environment management sustainability from top to down management, it 

enables each company to establish its own goals and methodology to track those 

achievements.  



70 

 

The environment management system constitutes some evidence for environmental 

sustainability, but it represents a black box for those who would like to ensure the reliability 

of the goals and the methodology established to calculate either CO2 emissions or energy 

consumption because environmental data is not disclosed. It was discussed in the literature 

that the vast existing methodologies to measure the potential impact in the field of 

environmental sustainability hinder the veracity of the claims of environmental sustainability 

in the industry.  

Potential standards that could provide a more appropriate measure of the potential impact of 

environmental sustainability within the ICT sector are the ICT Sector Guidance Reporting 

Standard, ISO1464  Specification with guidance at the organization level for quantification 

and reporting of greenhouse gas emissions and removals, and ISO 50001 Energy 

management. These standards provide guidance, clear methodology and calculations that 

may produce reliable measures that serve as evidence for environmental sustainability.  

Heretofore, the main focus of environmentally sustainable practices has been set to hardware 

or infrastructure suppliers, leaving the software suppliers temporarily out of the scope. The 

existing technology and methodologies to potentially measure the environmental impact of 

software as a product is not reliable nor scalable. As revised in section 2.6.5, the complex 

interaction between hardware and software inhibits the possibility of measuring the software 

energy consumption or the footprint of developing the software as a product.  

On the contrary, software-oriented companies could still contribute by managing their 

energy consumption adequately and auditing the environmental sustainability practices of 

their hardware/infrastructure providers. As inspected in this study, various software 

suppliers did not have a sustainability report or presented adequate evidence of these 

practices. ISO50001 could be a benchmark for software suppliers to manage and control 

their energy consumption.  

Achieving an ISO standard or a certification may be viable for medium-large corporations 

and would demand a considerable investment which not all the current suppliers may be able 

to comply with currently or in the near future. Yet, the supplier should start a transition 

process towards sustainability practices using the suggested methodologies. The objective is 

not to collect internationally awarded labels but to work towards the environmental 

sustainability goal that society has in common. Therefore, if the supplier can provide 
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evidence of its practices and use one of the recommended methodologies, it should not 

impede Innocar from continuing to work with the supplier. It would only mean that Innocar 

should pay closer attention to the presented evidence since there would not be a third-party 

audit.  

In the matter of potential metrics that could help to measure the energy consumption of ICT 

hardware and infrastructure owned by Innocar, a potential methodology is presented in the 

ICT Sector Guidance Reporting Standard. An understanding of metrics about the use stage 

of hardware may enable optimization processes within the company and detection of high-

energy consumption patterns if particular hardware is obsolete. Innocar would also gain the 

capability to critically assess various suppliers' offers when purchasing end-user hardware 

devices. The resources that Innocar currently possess would easily allow acquiring this 

information. For example, by ensuring that specific points collect the energy consumption 

of various servers and then create an aggregate from the data centre facilities. Innocar could 

analyze the power usage effectiveness of the data centre and track power hogs. The latter 

refers to the servers that, in idle mode, still record high energy consumption. This 

information would serve as substantial evidence for managerial decision-making but also as 

evidence of environmental sustainability practices.  

With reference to the metrics that could be recorded of ICT as an enabler in the production 

perspective, there should be an interdisciplinary collaboration between sustainability 

experts, technical experts from production or logistics, and ICT. The reason is that it is 

crucial to reach an agreement on the collection approach and the potential benefits to the 

business when defining data that may be used for sustainability and process optimization 

within the production or logistical lines. Because gathering and recording data is frequently 

an investment, this collaboration would enable the best use of available resources. The main 

objective is for the data to support sustainability and the production or logistics teams. When 

ICT plays the role of an enabler, it provides the technology that's needed for the data 

collection and recording process and offers a trustworthy analysis through the analytics team. 
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6. Conclusions 

The present study seeks to answer two main research questions (section 1.3) about the impact 

factors of ICT in relation to environmental sustainability and what metrics would provide 

reliable information and serve as evidence for environmental sustainability in the ICT field.  

Answer to generic RQ1: What are the potential impact factors from the ICT 

Department regarding sustainability in ICT? 

The LES model (Hilty and Aebischer, 2015) was chosen as the framework. Primarily in the 

level 1 life-cycle, the impact of the production and disposal of ICT is implicitly present 

despite of whether a corporation reports it or not. When analyzing the data collected for that 

dimension of the model, there was no information that would be relevant; however, the 

author filled that dimension using secondary data from public reports. Most suppliers use 

ISO 14001 as evidence of environmental sustainability practices. Even though the 

application of the model in this research context would only focus on the infrastructure and 

hardware suppliers, the author included the software suppliers as they are vital for ICT 

operations. Evidence of environmental sustainability practices was found for software 

suppliers who also manufacture hardware; various providers did not have a report at all.  

The impact factor of the use of ICT can be determined only when Innocar collects data about 

electricity consumption from its ICT infrastructure, especially data centres. There was no 

data about the end-user hardware energy consumption. Regarding the level 2 micro enabling 

impact, this study found that media substitution is the most present type of resource 

substitution from both the production and consumption perspectives.  

The enabling effect of process optimization presents a significant possibility for 

advancement. An effective energy consumption tracking mechanism is required in order to 

take advantage of this impact element from a consumption standpoint. From the standpoint 

of production, multidisciplinary cooperation between specialists in sustainability, 

logistics/production, and IT is necessary. However, certain practices, like working remotely, 

include this impact component in the data. The data on the externalization of the control 

process only included information from a production-related angle. Cybersecurity is the 

biggest drawback of this kind of resource replacement. 
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Answer to generic RQ2: What are the potential metrics that would provide reliable 

information and serve as evidence for environmental sustainability in the ICT field? 

The metrics that could offer trustworthy data and act as verification of environmental 

sustainability in the ICT industry should explicitly outline the methods and formulae used to 

calculate CO2 emissions and energy use. The ICT Sector Guidance Reporting Standard, 

ISO14064, and ISO50001 are a few examples that could be used as benchmarks. Innocar 

could use these recommendations to assess ICT vendors or compile their own data on ICT 

operations resource utilization. 

 

6.1. Theoretical Implications 

This study investigates a topic that is relatively recent in academic studies. The results of 

this study support notions from earlier work. When analysing the suppliers from Innocar, it 

was notable that there was no specific standard or methodology to measure the 

environmental impact. Similarly, suppliers’ codes of conduct leave the option to their 

providers to choose any methodology as far as they can report some evidence of their CO2 

emissions (section 2.3).  The lack of awareness of environmental sustainability in ICT as 

well as the lack of metrics, were visible when conducting this research among the 

participants and research facility (section 2.4).  

In the field of environmental sustainability in ICT, this paper contributes by examining the 

impact factors of ICT within real business case scenario. The majority of the available 

research focuses on investigating the macro effect of environmental sustainability, economic 

development and ICT impact between countries or conducts a literature review methodology 

to propose a model. This thesis can be perceived as one of the first contributions to evaluating 

environmental sustainability impact factors throughout a particular company's supply chain 

and operations. Using a qualitative deductive approach, the researcher could link the findings 

to the existing theory rather than elaborating yet another model from a small sample and 

qualitative data. This paper outlines the current challenges and suggestions to overcome the 

obstacles in relation to evaluating environmental sustainability in ICT for Innocar. However, 

the methodology applied to this research could be replicated in a different but relevant 
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context and, if applied adequately, could give reliable results for a distinct enterprise or 

organization.  

Lastly, this study exhibits the importance of the role of analytics in the field of environmental 

sustainability in developing reliable methods that could reliably depict the actual impact of 

economic activity on the environment. Due to their complexity, and the lack of expertise and 

technology in businesses, it is likely that the use of existing methodologies is restricted in 

real-world business scenarios. Further, the current methods used to evaluate the impact base 

their outcome solely on crisp results, which require high precision on measurements 

throughout the supply chain of the product and that most likely overlook potential errors in 

the process. By developing proxies, for example, with the application of fuzzy methods that 

do not focus on a crisp result but depict a broader scenario, the analytics field could advance 

one step further in the reliable evaluation of environmental sustainability methods. 

 

6.2. Managerial Implications  

Using sustainability practices within a business can enhance its reputation, reduce strategic 

and financial risks, and create a competitive advantage, as was addressed in section 2.5. 

Despite the changes that Innocar should undergo in the coming years to achieve these 

benefits, being one of the first businesses to address environmental sustainability standards 

in the ICT industry may position the company as a pioneer in this field. By working with 

their suppliers and thoroughly examining their supply chain, Innocar advances one step 

further toward the cooperation needed to accomplish verifiable environmental sustainability 

practices during the life-cycle of an ICT-related product. Achieving this goal would ideally 

contribute to improving ties with Innocar's suppliers.  

Managers can use the information and suggestions in this report to draw a roadmap for 

potential transformations within the ICT operations. For example, given that a considerable 

amount of ICT operation is outsourced, the company could incorporate more specific criteria 

for environmental sustainability when launching a new tendering process. It could also 

enhance the analytics of current electricity consumption by collecting data at a minimal cost 

since the major part of the technology required for the company is already in place. By 

leveraging the analytics for electricity consumption, the managers would also develop the 
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capabilities to critically assess the potential behaviour of new hardware installed in their 

infrastructure.  

Regarding the optimization processes in which ICT acts as an enabler, an interdisciplinary 

approach would likely produce high-quality data and adequate source use. From the results, 

it was discovered that the role of the sustainability department was hazy among employees. 

By bringing a closer collaboration among experts, additional processes may be optimized in 

the production lines, and a deeper statistical analysis could be conducted if appropriate data 

is available. 

According to the findings of this study, potential changes in end-user behaviour could both 

encourage environmental sustainability practices and cut down on unforeseen expenditures. 

For instance, the misuse of corporate devices such as laptops or cell phones should be further 

analyzed to understand the extent of the impact, and an awareness campaign or additional 

company policies could minimize this issue.  

 

6.3. Limitations  

There are a number of limitations that apply to the interpretation of results from this study. 

For example, the research context is limited to the reality of a company from the automotive 

sector in Finland. The results may vary from enterprises in other industries or even a different 

geographical area; hence these results cannot be generalized (section 3.5.3). In addition, the 

number of participants is restricted to resource availability but sufficient for qualitative 

research, and some views may have been overlooked, particularly in level 2 enabling effects 

of ICT. This limitation emerges because the research instrument used is the interview, and 

each participant may have different experiences depending on the years they have been 

working in the enterprise.  

The author partly used secondary data to fill the gap in the concepts in which data was not 

available from the interviews, but the level 1 life-cycle impact was implicit. The data was 

acquired from each supplier's publicly available reports; however, the procedures employed 

by those suppliers are probably reliable but are not publicly disclosed due to privacy 

concerns. In that circumstances, the author cannot verify whether the evaluated suppliers' 

claims were justified.  
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The methodology of this study could determine which of the impacts from ICT is present in 

Innocar’s context. However, it could not establish any quantitative estimates of those effects. 

Also, this research might not be replicable because the names of the suppliers or participants 

won't be made public due to the privacy of Innocar and its suppliers. Hence, if this study 

were to be replicated, a different sample could be employed, and the results might not be the 

same because they depend on the context. 

 

6.4. Future Research 

Within the Innocar context, future research should focus on determining the quantification 

impacts of ICT, especially from the dimension of the use of ICT. A future study could focus 

on determining the quantitative effect of the use of owned ICT by focusing on electricity 

consumption analytics. This study found that a significant part of the operations of ICT at 

Innocar is outsourced; future research could focus on developing a decision-making support 

tool that could include various indicators of environmental sustainability to assist managers 

when choosing a new supplier. 

Overall, for businesses where the IT department serves as a supporting function, the 

approach of this study may be applied to a different company in the same industry, a different 

sector, or even a different geographic location. 
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Appendix 1. Interview Questions 

1. Could you name your current main hardware providers? 

2. What do you know about the sustainability practices of the management of raw 

materials of your hardware supplier?   

3. What do you know about the sustainability practices of your hardware suppliers? 

(for example, electricity consumption, water management, e-waste management, 

recycling processes, if they provide with energy star rated devices) 

4. Could you name your current main software providers? 

5. What do you know about the sustainability practices of your software suppliers? 

(for example, electricity consumption, water management, e-waste management, 

and recycling processes) 

6. What do you do if any of your corporate devices (headsets, computer, mouse, or 

phone) is broken? What do you know about the current e-waste recycling practices 

at Innocar? Are these practices formally stated in any of the company 

“procedures”?  

7. What do you know about the final disposal of hardware residues (computers, 

laptops, phones, mouse, screens, etc.)? Are these practices formally stated in any of 

the company “procedures”? 

8. With regard to the hardware used in your department: What do you know about the 

current hardware energy consumption? Are there any metrics or reports with 

information on energy consumption?  
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9. What do you know about the current ICT Infrastructure energy consumption (data 

centre, physical servers, cooling equipment, or any related equipment which is used 

to develop, test, operate, monitor, manage, and support ICT services)?  

10. Do you have any practices for ICT Infrastructure power-saving? Are these practices 

formally stated in any of the company “procedures”? 

11. Do you know about the existence of any ICT infrastructure vendors? 

12. What do you know about the vendor’s ICT Infrastructure sustainability practices 

(data centre, physical servers, cooling equipment, or any related equipment which 

is used to develop, test, operate, monitor, manage, and support ICT services)? (for 

example, if they have any practices for ICT Infrastructure power-saving)  

13. With regard to the software you use or your team uses: What do you know about 

software energy consumption? 

14. With regard to the Innocar, its businesses lines and its production, how has ICT 

helped to promote sustainability practices? Are these practices formally stated in 

any of the company “procedures”? 

15. From your department’s perspective, what sustainability practices have your 

department implemented to reduce the number of natural resources used by ICT 

Operations? Are these practices formally stated in any of the company 

“procedures”? 
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Appendix 2. Codebook for Interviews  

Code Name Description Inclusion Criteria Exclusion Criteria 

Production of Raw 

Materials 

This concept 

belongs to the level 

1 life-cycle impact. 

The dimension of 

the concept is the 

production and 

disposal of ICT. 

Use this code when 

the data from the 

interviews refer to 

material 

management or 

conflict materials 

from hardware. 

Do not use this code 

when data from 

interviews refer to 

material 

management that is 

not related to 

hardware 

production.  

Production of ICT 

hardware  

This concept 

belongs to the level 

1 life-cycle impact. 

The dimension of 

the concept is the 

production and 

disposal of ICT. 

Use this code when 

the data from the 

interviews refer to 

environmental 

sustainability 

practices or metrics 

in relation to the 

production of ICT 

hardware. 

Do not use this code 

when data from 

interviews refer to 

social, human, or 

economic 

sustainability 

practices. Either 

when it refers to 

metrics that are not 

directly related to 

environmental 

sustainability 

indicators.   

Recycling of ICT 

hardware 

This concept 

belongs to the level 

1 life-cycle impact. 

The dimension of 

the concept is the 

production and 

disposal of ICT. 

Use this code when 

the data from the 

interviews refer to 

environmental 

sustainability 

practices or metrics 

in relation to 

recycling or reusing 

ICT hardware. 

Do not use this code 

when data from 

interviews refer to 

social, human, or 

economic 

sustainability 

practices. Either 

when it refers to 

metrics that are not 

directly related to 

environmental 

sustainability 

indicators.   

Final disposal of 

residues  

This concept 

belongs to the level 

1 life-cycle impact. 

The dimension of 

the concept is the 

production and 

disposal of ICT. 

Use this code when 

the data from the 

interviews refer to 

environmental 

sustainability 

practices or metrics 

in relation to the 

final disposal of 

residues. 

Do not use this code 

when data from 

interviews refer to 

social, human, or 

economic 

sustainability 

practices. Either 

when it refers to 

metrics that are not 

directly related to 

environmental 
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sustainability 

indicators.   

Use of ICT 

hardware 

This concept 

belongs to the level 

1 life-cycle impact. 

The dimension of 

the concept is the 

use of ICT. 

Use this code when 

the data from the 

interviews refer to 

ICT hardware (end-

user equipment) 

Do not use this code 

when data from 

interviews refer to 

social, human, or 

economic 

sustainability 

practices. Either 

when it refers to 

metrics that are not 

directly related to 

environmental 

sustainability 

indicators.   

Use of 

Infrastructure for 

ICT  

This concept 

belongs to the level 

1 life-cycle impact. 

The dimension of 

the concept is the 

use of ICT. 

Use this code when 

the data from the 

interviews refer to 

environmental 

sustainability 

practices or metrics 

in relation to the use 

of infrastructure for 

ICT (data centres, 

networks) 

Do not use this code 

when data from 

interviews refer to 

social, human, or 

economic 

sustainability 

practices. Either 

when it refers to 

metrics that are not 

directly related to 

environmental 

sustainability 

indicators.   

Process 

Optimization 

Production 

This concept 

belongs to the level 

2 micro enabling 

impact. The 

dimension of the 

concept is 

production. 

Use this code when 

the data from the 

interviews refer to 

environmental 

sustainability 

practices or metrics 

that, while reducing 

the among of inputs, 

achieve the same or 

higher outputs in a 

specific process in 

which ICT acts as 

an enabler.  

Do not use this code 

when data from 

interviews refer to 

social, human, or 

economic 

sustainability 

practices. Either 

when it refers to 

metrics that are not 

directly related to 

environmental 

sustainability 

indicators. Nor 

when the process 

reduces only the 

ICT operations 

resource 

consumption. If the 

process affects other 

units and ICT, it can 

be listed in both 
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production and 

consumption 

perspectives. 

Media Substitution 

Production  

This concept 

belongs to the level 

2 micro enabling 

impact. The 

dimension of the 

concept is 

production. 

Use this code when 

the data from the 

interviews refer to 

environmental 

sustainability 

practices or metrics 

that substitute a 

medium with a 

digital medium in 

which ICT acts as 

an enabler. 

Do not use this code 

when data from 

interviews refer to 

social, human, or 

economic 

sustainability 

practices. Either 

when it refers to 

metrics that are not 

directly related to 

environmental 

sustainability 

indicators. Nor 

when the media 

substitution reduces 

only the ICT 

operations resource 

consumption. If the 

process affects other 

units and ICT, it can 

be listed from both 

production and 

consumption 

perspectives. 

Externalization of 

Control Production 

This concept 

belongs to the level 

2 micro enabling 

impact. The 

dimension of the 

concept is 

production. 

Use this code when 

the data from the 

interviews refer to 

sustainability 

practices or metrics 

from a process that 

uses information as 

input and 

externalizes control 

over that process in 

which ICT acts as 

an enabler. 

Do not use this code 

when data from 

interviews refer to 

social, human, or 

economic 

sustainability 

practices. Either 

when it refers to 

metrics that are not 

directly related to 

environmental 

sustainability 

indicators. Nor 

when the 

externalization of 

the control process 

reduces only the 

ICT operations 

resource 

consumption. If the 

process affects other 

units and ICT, it can 
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be listed in both 

production and 

consumption 

perspectives. 

Process 

Optimization 

Consumption 

This concept 

belongs to the level 

2 micro enabling 

impact. The 

dimension of the 

concept is 

consumption. 

Use this code when 

the data from the 

interviews refer to 

environmental 

sustainability 

practices or metrics 

that, while reducing 

the amount of 

inputs, achieve the 

same or higher 

outputs in a 

particular process 

which specifically 

connects to ICT 

operations.  

Do not use this code 

when data from 

interviews refer to 

social, human, or 

economic 

sustainability 

practices. Either 

when it refers to 

metrics that are not 

directly related to 

environmental 

sustainability 

indicators. Nor 

when the process 

reduces the ICT 

operations and other 

units' resource 

consumption. If the 

process affects other 

units and ICT, it can 

be listed from both 

production and 

consumption 

perspectives. 

Media Substitution 

Consumption 

This concept 

belongs to the level 

2 micro enabling 

impact. The 

dimension of the 

concept is 

consumption. 

Use this code when 

the data from the 

interviews refer to 

environmental 

sustainability 

practices or metrics 

that substitute a 

medium with a 

digital medium that 

specifically 

connects to ICT 

operations. 

Do not use this code 

when data from 

interviews refer to 

social, human, or 

economic 

sustainability 

practices. Either 

when it refers to 

metrics that are not 

directly related to 

environmental 

sustainability 

indicators. Nor 

when the media 

substitution reduces 

the ICT and other 

units' operations 

resource 

consumption. If the 

process affects other 

units and ICT, it can 
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be listed from both 

production and 

consumption 

perspectives. 

Externalization of 

Control 

Consumption 

This concept 

belongs to the level 

2 micro enabling 

impact. The 

dimension of the 

concept is 

consumption. 

Use this code when 

the data from the 

interviews refer to 

sustainability 

practices or metrics 

from a process that 

uses information as 

input and 

externalizes control 

over that process 

which specifically 

connects to ICT 

operations. 

Do not use this code 

when data from 

interviews refer to 

social, human, or 

economic 

sustainability 

practices. Either 

when it refers to 

metrics that are not 

directly related to 

environmental 

sustainability 

indicators. Nor 

when the 

externalization of 

the control process 

reduces the ICT and 

other unit's 

operations resource 

consumption. If the 

process affects other 

units and ICT, it can 

be listed from both 

production and 

consumption 

perspectives. 

 


