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Abstract:  

Sustainability study in the ever-growing Information technology (IT) sector is an emerging interdisciplinary 
research field. As one essential element in this sector, the development and implementation of cloud-based 
autonomous vehicles have the great potential to bring convenience to society and are defined as the climate 
change mitigation strategy. For instance, autonomous vehicles are able to fully utilize the eco-driving systems 
to reduce carbon emissions and reach high energy efficiency. Previous studies have shown that cloud IT service, 
one of the critical technologies for autonomous vehicles, is likely to yield novelties and advantages to the IT 
industry and reduce the greenhouse gas (GHG) emissions from other sectors. However, cloud services and their 
data center infrastructures consume plenty of electricity globally and cause GHG emission impacts. Robust 
methodologies to assess the environmental impacts related to cloud IT solutions are still lacking in academia 
and industry. In sum, there are knowledge gaps between empirical studies and general interest in software-
supported and data-driven autonomous vehicles and their cloud service.  

The purpose of this study is to investigate the possibilities and challenges connected to the assessment of the 
GHG impact related to cloud IT solutions in an autonomous vehicle set up. This study also aims to explore 
possible recommendations to reduce the GHG emission of cloud IT services. A qualitative in-depth case study 
is performed. The primary data is collected by semi-structured interview method, while the secondary data is 
collected by the scoping literature review method. The interviews are conducted with employees with different 
roles related to cloud services and/or sustainability at the case company. 

The findings show the lack of transparent methodologies and calculation guidelines to assess cloud GHG 
emissions, both in the research community and industry. It shows the great opportunity and market demand for 
sound assessment methodologies and tools. Besides, six challenges to assessing cloud GHG emissions on the 
autonomous vehicle set up are identified: i) assessing system boundaries, ii) data quality and collection methods, 
iii) measurement methodologies, iv) calculation process, v) validation process, and vi) some other challenges. 
Additionally, five possible recommendations are developed to reduce the cloud GHG emissions: i) cloud GHG 
emission visualization and measurement tool, ii) better promotional schemes for user’s awareness and 
engagement, iii) investigations on both top-down and bottom-up approaches, iv) optimization through usage 
demand shaping, and v) optimization of the infrastructure services.  

Keywords: Sustainable Development, Green IT, cloud service solution, cloud GHG emissions, cloud GHG 
assessment, Sustainable Software Development 

Huifen Cong, Department of Earth Sciences, Uppsala University, Villavägen 16, SE- 752 36 Uppsala, Sweden 
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Summary:  

Autonomous driving technology is one of the ever-growing Information technologies (IT) nowadays. The 
implementation of autonomous vehicles is essential to the social development as well as is the need for transport 
industry development, in particular, to reduce the greenhouse gas (GHG) emissions caused by the conventional 
transport industry. For instance, autonomous vehicles can utilize the eco-driving systems to highly ensure the 
energy efficiency and reduce the GHG emissions. While this novel technology is considered essential to combat 
climate change, the autonomous vehicle itself may produce extra emissions using cloud service solutions. In 
other words, there are knowledge gaps between studies and general interest in cloud-based autonomous vehicles. 

This study investigates the possibilities and challenges of assessing the cloud GHG emissions caused by the 
autonomous vehicles. Possible recommendations to reduce cloud GHG emissions are identified. A case study 
is performed in this research which is set up in a real company. The primary data is collected by semi-structured 
interview method, while the secondary data is collected by the scoping literature review method. The interviews 
are conducted with employees inside the case company whose work is related to cloud service and/or 
sustainability. 

The findings show the lack of transparent methodologies and calculation guidelines to assess cloud GHG 
emissions, both in the research community and industry. Besides, six challenges to assessing cloud GHG 
emissions on the autonomous vehicle set up are identified: i) assessing system boundaries, ii) data quality and 
collection methods, iii) measurement methodologies, iv) calculation process, v) validation process, and vi) some 
other challenges. Additionally, five possible recommendations are developed to reduce the cloud GHG 
emissions: i) cloud GHG emission visualization and measurement tool, ii) better promotional schemes for user’s 
awareness and engagement, iii) investigations on both top-down and bottom-up approaches, iv) optimization 
through usage demand shaping, and v) optimization of the infrastructure services.  

Keywords: Sustainable Development, Green IT, cloud service solution, cloud GHG emissions, cloud GHG 
assessment, Sustainable Software Development 
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1. Introduction 
Information technology (IT) is essential for the overall development of society and the business sector 
in particular (Zeng et al., 2020). As an important sector of IT, the software-supported and data-driven 
autonomous vehicles (AVs) have been rapidly developed and evolved. Connecting AVs, an ever-
growing IT sector, with various sustainability issues, including environmental concerns, poses a 
unique challenge and is an emerging interdisciplinary research field (Hilty & Aebischer, 2015). There 
is high potential that this interdisciplinary field can help with sustainability issues such as 
environmental concerns. However, robust methodologies and/or guidelines for assessing the 
environmental impact and sustainability associated with AVs are so far lacking.  

In this thesis, I will focus on a case study conducted in a real company, namely Scania CV AB 
(hereafter referred to as Scania). Scania claims to value IT innovation and the development of software 
and data, which aims to shape its future business model to provide transport solutions (Scania CV AB, 
n.d.a). One of the critical developments is the heavy-duty commercial AVs and autonomous transport 
solutions. Scania’s research and development (R&D) of AVs are based on cloud services (Scania CV 
AB, 2017, 2021a). Cloud services refer to different services, such as infrastructure, platforms, or 
software, delivered to end-users (end-users hereafter refer to the developers who develop applications 
by using the cloud services) on demand by third parties over the Internet (Citrix, n.d.; RedHat, 2022). 
In this thesis, cloud services are the public cloud services provided by the cloud providers. The 
development and application of AVs play essential roles in terms of bringing sustainable alternatives 
in the industrialized society.  It is listed as one of the top technical breakthroughs to fight against 
global warming (Herweijer & Combes, 2017). On the other hand, the work of estimating AVs’ internal 
greenhouse gas (GHG) impact from cloud IT solutions still lacks empirical studies and transparent 
methodologies.  

In this paper, the cloud-based services at Scania are selected as a research object due to its matureness 
and representatives in global marketing. Scania is one of the providers that initially launched 
autonomous transport solutions in the heavy-duty commercial vehicle markets. And their existing 
technology and implementation have been examined and evolved driven both by external and internal 
forces (Scania CV AB, n.d.b). Thus, from the perspective of industry, connecting Scania’s cloud-
based AVs with the cloud GHG emissions could yield valuable insights for practitioners to make polies 
and strategies in practice. In particular, for those companies who want to move to cloud services, 
Scania’s case can provide them with a holistic picture to understand the assessment challenges in 
terms of GHG emissions from data computing, storage, and networking and the possible 
recommendations to reduce the cloud GHG emissions.  

Scania CV AB (n.d.b) claims to be at the forefront and one of the pioneers of innovative transport 
solutions, and autonomous transport is no exception. Its autonomous transport solutions system has 
been developed with technology suppliers and academic institutions. For example, the company has 
been continuously testing self-driving trucks for the mining industry in Australia since 2017 (Scania 
CV AB, n.d.b). In this research, the focus area will be on Scania’s headquarter in Södertälje, Sweden, 
and its autonomous transport systems. The autonomous transport systems developed at Södertälje have 
control over one real testing AV and more virtual simulated vehicles. The real self-driving vehicle has 
been granted permission by the Swedish Transport Agency to test on the E4 motorway between 
Södertälje and Jönköping (Scania CV AB, 2021b). At the same time, the virtual simulated vehicles 
are running on cloud-based systems. Unlike the tangible and conventional vehicles, the number of 
simulated AVs cannot be simply calculated due to the complexity of the systems and the different 
patterns of interconnected networks. For the AVs running on Australian mining sites and the Sweden’s 
motorways, combustion engines are used, signifying the example of how traditional and new 
technology are mixed (Scania CV AB, n.d.b). 
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1.1. GHG emissions from the transport sector 

Growing demand for transportation causes an increase in global GHG emissions due to combustion of 
fuel in traditional, fossil-fuel consuming vehicles. Some actions have been initiated to reduce energy 
consumption, GHG emissions, and pollution associated with road traffic. For instance, major Chinese 
cities place traffic restrictions on the use of vehicles on weekdays (Hao et al., 2011); Sweden chooses 
to adopt carbon taxes and a value-added tax on transport fuel to put a price on pollution and reduce 
GHG emissions (Andersson, 2019). However, these efforts are insufficient to decrease the global GHG 
emissions in the transport sector. Igliński and Babiak (2017) argue that the presence of the Jevons 
paradox is one of the key reasons. The Jevons paradox means that the effectiveness of energy 
efficiency and restriction of GHG emissions is slower than the total demand of transport. There are 
many motivations for Jevons paradox, including the fact that many vehicles have heavier weights and 
stronger engine powers and simultaneously lower transport costs than previous generations of vehicles 
(Igliński & Babiak, 2017).  

 

Fig. 1. The GHG emissions change by sector in the EU-28 1990-2016. The graph shows the GHG emissions 
drop in different sectors (energy supply, industry, residential and commercial, agriculture, and waste) and in 
total during 1990 to 2016. The transport sector is one exception Data source: European Environment Agency 
(2018). 

As shown in the Fig.1, GHG emissions dropped by about 22.4% in the European Union (EU) - 28 
between 1990 and 2016 (European Environment Agency, 2018). All source sectors (e.g., energy 
supply, industry, agriculture sectors), except the transport sector, were contributed to this drop. Instead, 
the transport sector’s emissions increased by 18.3% during the period. In 2016, this sector was the 
second-largest source of emissions in the EU - second only to the energy sector (such as the business 
of producing or supplying energy from fossil fuels or renewables) (European Environment Agency, 
2018). 
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Fig. 2. Transport sector CO2e emissions in the EU – Emissions breakdown by transport mode in 2017. The 
majority of the CO2e emissions from the transport sector in the EU in 2017 comes from the road transport (72%), 
from which 44% comes from passenger cars, 19% comes from heavy-duty trucks and buses, while the rest 37% 
from other road vehicles. Data source: European Environment Agency (2021). 

In 2017, the transport sector (including aviation and shipping) contributed 27% of total GHG 
emissions in the EU-28 (European Environment Agency, 2021). Road transport was responsible for 
72% of total GHG emissions from transport sector (including international aviation and shipping), 
while other transport (aviation, railway, water navigation and others) accounted for the rest 28% (Fig. 
2). Passenger cars represented 44% of road transport emissions. Other road vehicles (such as light-
duty trucks, motorcycles, etc.) occupied 37% of the emissions from road transport. The rest 19% went 
to the heavy-duty trucks and buses, and this sector accounted for 5.6% of total EU GHG emissions 
(European Environment Agency, 2021). 

A similar situation can be found in Sweden. The emission of the transport sector in 2017 accounted 
for 23% of total emissions in the Swedish economy and households, making it the second biggest 
emission contributor of Sweden, after the mining and manufacturing sector (Statistics Sweden, 2018).  

According to the target roadmap set by the EU Transport White Paper 2011 to a competitive and 
resource-efficient transport system, the transport sector should reduce GHG emissions by 2050 to 60% 
below the 1990 levels. 1990 levels were 672 million tonnes of CO2 equivalent 1  (European 
Environment Agency, 2021). However, the EU transport sector’s GHG emissions in 2017 were still 
28% higher than the 1990 level. The European Environment Agency (2021) estimates for 2020 that a 
substantial drop in transport emissions would occur as a result of reduced activities during the Covid-
19 pandemic but will significantly rebound after 2020. The emission increase could continue until 
2025 if no additional and effective measures are implemented (European Environment Agency, 2021). 

1.2. AVs: transport industry development needs 

Growing environmental concerns about the emissions associated with road transport have prompted 
institutions and companies to develop important technologies to fight against the increasing GHG 
emissions. One of the trends and needs is the development of modern AVs or driverless cars. For 
instance, AVs can fully utilize the eco-driving systems to maximize the energy efficiency and reduce 
emissions. AVs will bring fundamental yet beneficial change to the current transport system and 
industry (Fagnant & Kockelman, 2015). Specifically, the development of the future transport industry 
follows a trajectory with improved vehicle safety, fewer traffic congestions, reduced travel time, and 
increased fuel efficiency. The new technology developed for AVs has great potential to achieve these 

 

 

1 CO2 equivalent (CO2e) is a metric measure used to compare the emissions from different GHG on the basis of 
their global-warming potential, by converting amounts of other gases to the equivalent amount of CO2 with the 
same global warming potential (Foster, 2001). 
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goals (Fagnant & Kockelman, 2015).  

Digitalization, in other words, the development and use of software and data, is a critical factor in 
ensuring the safe mobility and connectivity of smart transport systems in AVs. In the case of the 
company Scania, software and data are anticipated to also shape its future business model and be 
fundamental in its transformation journey from being a product-driven company to a transport 
solution-driven company. The practical significance of this research is to provide Scania with 
scientific evidence relating to the climate impact aspects of software and data technologies. Besides, 
this research also has theoretical significance. For instance, exploring sustainability issues within 
software and data is an innovative interdisciplinary research domain with immature yet ongoing 
investigations, which will benefit the future path of the industrialized society for sustainable 
development (Hilty & Aebischer, 2015). 

Sustainability and AVs are ongoing topics among the industry and the public. AVs may function as a 
critical turning point to reduce global GHG emissions. However, some other research implies more 
emissions would result from widespread implementations of AVs. Specifically, software and data-
driven AVs can take advantage of eco-driving systems and limit safety equipment issues (to reduce 
vehicle weight), easy parking, and congestion mitigation. These advantages can reduce fuel 
consumption and GHG emissions to a similar extent (Barth & Boriboonsomsin, 2009; Joost, 2012; 
Igliński & Babiak, 2017; Massar et al., 2021). On the other hand, some predict that more accessible 
and faster travel brought by autonomous technologies may result in an increased amount of travel 
needs, together with more fuel consumption and GHG emissions  (Schafer et al., 2009; Brown et al., 
2014; Wadud et al., 2016; Massar et al., 2021). More details can be found in the Background section 
of this thesis (below). 

1.3. Research purpose 

The AVs technologies are promising and can create important value to the transport industry and 
reduce global GHG emissions. However, there are knowledge gaps between empirical studies and 
general motivation in software-supported and data-driven AVs. The autonomous technologies are 
quite new, and the precise predictions of these new technologies (such as their GHG emissions) are 
difficult. Therefore, intense studies have not been conducted yet.  

The purpose of the study is to investigate the possibilities and challenges connected to assessment of 
the GHG emissions related to AV technologies, i.e., cloud IT solutions. In this thesis, I also aim to 
explore possible recommendations to reduce the GHG emission impact of cloud service solutions. 

1.4. Problem formulation  

Scania’s heavy-duty commercial AVs are based on the Amazon Web Services (AWS) instead of using 
its own on-premises data centers (Scania CV AB, 2017, 2021a). This thesis will refer to AWS’s cloud 
services as “cloud IT/service solutions”. These cloud IT solutions can store and compute data, build 
connective networks, and perform other functions for the commercial AVs developed by Scania. The 
physical data centers enable these solutions, and the data center infrastructures consume electricity, 
and the electricity consumed has indirect GHG emissions. Scania needs to know the GHG impact of 
the cloud IT solutions supporting the commercial AVs during the use phase to do an accurate GHG 
lifecycle assessment of the autonomous transport solutions. 

Together with cloud technology, AVs are listed as the top technologies for the fourth Innovation 
Revolution, which are considered the critical low-carbon breakthroughs for society (World Economic 
Forum Davos, 2017). The innovation of heavy-duty commercial AVs has great potential to solve 
sustainability dilemmas, improve living standards, and benefit citizens. However, this technical 
innovation may have another vicious cycle similar to the metals for a low-carbon society. Vidal et al. 
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(2013) imply that the transformation towards renewable energy requires replacing one non-renewable 
energy (fossil fuels) with another (metals and minerals). In other words, renewable energy is not 100% 
clean because the upstream production of renewable energy facilitates or equipment (e.g., wind turbine 
blades) needs a tremendous amount of energy intensive extraction of non-renewable resources (e.g., 
metals). Regarding the topic of sustainable transformation of the transport industry, the promising 
innovation of cloud-based heavy-duty commercial AVs may cause a dilemma that produces more GHG 
than expected. Or the evidence may show it deserves the company’s investment and people’s great 
interest. To address this concern, a deep investigation of the actual environmental impacts of cloud-
based heavy-duty commercial AVs is needed. 

However, interdisciplinary and transdisciplinary researchers are still trying to figure out appropriate 
methods of estimating the environmental impacts of cloud solutions. This thesis will focus on one 
aspect of environmental issues, being GHG impacts. To achieve this, I will have an in-depth case study 
in the company Scania to find the existing assessment solutions, observe the challenges along the 
assessment, and find possible recommendations to reduce the GHG impact caused by cloud services. 

1.5. Research questions 

Based on the above problem formulation, this study will focus on three research questions: 

1. What are the existing solutions to assess the GHG impact of cloud IT service? 

2. What are the challenges of assessing the GHG impact of cloud IT solutions from Scania’s heavy-
duty commercial AVs in the use phase? 

3. What are the possible recommendations to reduce the GHG impact of cloud IT solutions from 
Scania’s heavy-duty commercial AVs in the use phase? 
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2. Background 

2.1. Sustainability, climate change, and CO2e emissions 

With the rapid population growth and environmental degradation, the contemporary term 
“sustainability” emerged in the 1970s and gained significant attention (Poveda & Lipsett, 2011). 
Sustainability is often referred to as a “wicked problem” that cannot be solved, only managed, and 
various definitions of sustainability will occur when engaging different stakeholders (Peterson, 2013, 
p.1). Discussing the definitions of sustainable development, from my perspective, the most influential 
or dominant is the one described by the 1987 Brundtland Commission Report as “development that 
meets the needs of the present without compromising the ability of future generations to meet their 
own needs” (Brundtland, 1987). Society, economy, and the environment are the three pillars of 
sustainable development (Purvis et al., 2019). This concept gave a new interpretation to the worldwide 
value of sustainable development. People from both academics and society realized that the 
environmental impacts, social and economic effects were all crucial in terms of development. 

Climate change, a severe threat to sustainability, is considered as one of the core planetary boundaries 
based on its importance for the Earth system (Steffen et al., 2015). Planetary boundaries are a safe 
operating space for societies to thrive in a resilient and accommodating state. Moving beyond 
planetary boundaries will cause the Earth system to be substantially altered with many uncertain risks 
(Steffen et al., 2015). Combating climate change and its impacts is the topic of Sustainable 
Development Goals (SDG) 13 which was established by the United Nations (UN) in 2015. SDG 13 
has the target to be achieved by 2030.  

Global warming is caused by concentrating GHGs, such as CO2, water vapor, nitrous oxide in the 
atmosphere (Wadanambi et al., 2020). In this thesis, GHG impact refers to the CO2 or CO2e impact. 

The GHGs at natural levels is critical to life on Earth during the Holocene Epoch (a period of stable 
natural conditions) (Wadanambi et al., 2020). However, during the Anthropocene age, which is 
dominated by human activities, environmental externalities and over-exploitation of common-property 
resources lead to the excess greenhouse effect, which accumulated and finally caused the severe 
climate change problem that we are witnessing today (Libecap, 2009). During the decade from 2006 
to 2015, compared with the pre-industrial era (1850-1900), human activities warmed the world by 
0.87°C (±0.12°C) (IPCC, n.d.). Thus, according to the latest report Climate Change 2021 from 
Intergovernmental Panel on Climate Change, human activities are responsible for warming the 
atmosphere, ocean, and land, and consequently “widespread and rapid changes in the atmosphere, 
ocean, cryosphere and biosphere have occurred.” (Masson-Delmotte et al., 2021, p.6). 

2.2. Climate change mitigation and adaptation 

To sum up the above point, climate change is a reality, introducing new risks to sustainable 
development and exacerbating the vulnerability of the current Earth system (Field et al., 2014; Eriksen 
et al., 2015). The World Meteorological Organization (2020) announces that “2020 is one of the three 
hottest years on record” (since 1850). Climate change adaptation and mitigation are two critical 
contemporary policy strategies to combat climate change and achieve climate-resilient pathways. 

Climate change adaptation strategy means adjusting to both the experienced adverse effects and 
predicted impacts in the future. It is to build up a society that can act more resiliently to climate change. 
For instance, people adapt society to the fact that the sea levels will further increase. Two example 
methods of adaptation are restoring the damaged ecosystems and reforestation. In comparison, climate 
change mitigation strategy advocates human interventions tackling the causes of climate change, 
reducing and avoiding the emissions of heat trapping GHGs (Field et al., 2014). It values improving 
energy efficiency and replacing fossil fuels with renewable energy. Researching and developing AVs 
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is one form of climate change mitigation, which aims to reduce the GHG emissions from the 
conventional transport industry. Jones and Leibowicz (2019) conclude that the diffusion of AVs will 
contribute to the cost-effective climate change mitigation if electric AVs charging can be optimally 
aligned with renewable electricity generation.  

Climate change mitigation and adaptation are critical for climate change risk management (Denton et 
al., 2014). Despite these two strategies encountering different challenges and trade-offs, their goal is 
the same, which is to limit GHG emissions and approach sustainable development. 

2.3. Corporate GHG emission reporting 

A growing number of mandatory and voluntary government initiatives relating to combat climate 
change have emerged since the 1990s. Together with other non-governmental schemes, they set up 
industry standards to require and/or encourage corporations to measure and report their GHG 
emissions (Kauffmann et al., 2012). It induces plenty of corporations to recognize climate change’s 
underlying challenges and opportunities for their business. Enterprises measure the GHGs emitted by 
their companies, assess their exposures towards physical climate change impacts, and change market 
conditions and customer preferences as a result of climate change (Kauffmann et al., 2012). Besides 
companies, there are growing demands from governments, investors, and other stakeholders for 
corporate GHG-related information and reporting. These demands are always environmental and non-
financial requirements (Kauffmann et al., 2012).  

While corporate reporting of GHG emissions is steadily increasing, it is essential to understand what 
scientific targets or standards are being based on to develop and implement GHG reporting schemes. 
In 2015, the Paris Agreement was adopted as a commitment rather than a government target. Under 
Article 2, the central aim is to “strengthen the global response to the threat of climate change” by 
“holding the increase in the global average temperature to well below 2°C above pre-industrial levels”, 
and “pursuing efforts to limit the temperature increase to 1.5°C above pre-industrial, recognizing that 
this would significantly reduce the risks and impacts of climate change.” (Paris Agreement, 2015, p.3). 
When corporations’ targets to reduce GHG emissions meet the 2°C-goal of the Paris Agreement, then 
the targets set by corporations can be considered science based (Science Based Targets, n.d.). The 
Science-Based Targets (SBT) are pathways properly structured to specify the amounts and proportions 
needed to reduce GHG aligned with the Paris Agreement to prevent the worst impact of climate change.  

Many companies have initiated the SBT initiatives, including Scania. Scania has implemented the 
carbon reduction SBT, which commit to reducing emissions at a scale and pace to limit global warming 
and drive the shift towards a sustainable transport system (Scania CV AB, n.d.c). Scania was the first 
heavy-duty commercial vehicle enterprise to set the ambitious SBT and committed to the emission 
reduction both from own operations and use of vehicles (Scania CV AB, 2020). 

2.4. IT solutions and GHG emissions 

The fourth industrial revolution is a systematic transformation in the industry during the 21st Century. 
The formation of fully automated production is a key change in this revolution. It is a digital 
transformation resulting from developing such technologies and innovations as, for example, the 
Internet of things, autonomous machines or cloud computing (Popkova et al., 2019). Popkova et al. 
(2019) and Bauer et al. (2021) argue that Internet of things functions as an enabler for the smart city 
and is considered a game-changing technology with significant potential economic impacts. Among 
all these industrial innovations, IT solutions are a critical innovation. IT solutions are everywhere and 
at any time in our lives, transforming how people work, live, and interact with their surroundings, 
showing a new look at the new digital world and this revolution. However, even as people’s 
expectations for future IT solutions continue to grow, we need to consider their effects on GHG 
emissions worldwide.  
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On the one hand, IT solutions contribute to a significant portion of global GHG emissions. For instance, 
worldwide data centers consumed 205 TWh (Terawatt-hour) of electricity in 2018, which was greater 
than the total electricity consumption of some nation-states (such as Thailand and Sweden) (Sverdlik, 
2020). Moreover, IT solutions accounted for 1% of global energy consumption or 2% if the network 
devices are included in the calculation (Masanet et al., 2020; Monserrate, 2022). Electricity is one key 
component that makes up the total energy production (the other two are heating and transport). Around 
63.3% of global electricity was generated from burning fossil fuels in 2019 and 61% in 2020 (Ritchie 
et al., 2020), which causes substantial GHG emissions. In other words, approximately two-thirds of 
the IT solutions globally are consuming non-clean electricity and consequently emitting GHG. Besides, 
the digital acceleration trend will further increase the climate impact of the IT sector. 

On the other hand, IT technology is considered as a method to solve the climate crisis resulting from 
the IT sector and other sectors. Two contemporary terms are always discussed. The first one is “Green 
IT”, which was defined by Murugesan (2008, p. 26) as “the study and practice of life cycle (designing, 
manufacturing, using, and disposing) of IT components (such as computers, servers, and associated 
subsystems) efficiently and effectively with minimal environmental impacts.” Simply speaking, Green 
IT involves reducing the environmental footprint of the IT sector itself. Another concept is “Greening 
with IT”. This concept involves IT as a part of the solution to support sustainability. Greening with 
IT is to understand the sustainable patterns of using IT as a transformational technology (Hilty & 
Aebischer, 2015). According to Ericsson (2015), IT solutions have the potential to reduce GHG 
emissions by nearly 15% by 2030 (such as by enabling smart transport, smart buildings, and smart 
travel) amounting to around 10 gigatons of CO2e, more than the total amount of climate footprint 
emitted from the EU and US during 2015. 

2.5. The GHG emissions impacts of AVs 

One example of “Greening with IT” is the development of AVs. Widespread implementations of AVs 
can be the turning point in terms of both future sustainable transport systems and global GHG 
emissions reduction. As outlined in the Introduction part of this thesis, AVs have positive and 
negative impacts on GHG emissions. The detailed predictions, however, are complex and uncertain, 
even though some studies have been conducted to assess the impacts, such as the research evaluated 
by Igliński and Babiak (2017) and Williams et al. (2020). 

On the one hand, AVs have ground-breaking potential in reducing energy consumption and emissions 
of GHG. The software-supported and data-driven AVs fully utilize the eco-driving, which is a low-
cost, ecological, and safe measure to reduce fuel consumption and emissions in terms of maximizing 
speed and acceleration operating profiles (Igliński & Babiak, 2017; Huang et al., 2018). Barth and 
Boriboonsomsin (2009) and Massar et al. (2021) show through statistics from the traffic simulation 
model that eco-driving on congested highways can eliminate 10%-20% of the CO2e emissions. 
Software and data enable the AVs to optimize the eco-driving systems and smart communication 
through the network with other vehicles and road infrastructure. It facilitates the mobility of the 
transport system, as well as reduces fuel consumption and GHG emissions to a similar extent (Igliński 
& Babiak, 2017; Massar et al., 2021). 

AVs or driverless vehicles can lower the vehicle weight as a result of removing some equipment with 
passive safety components (Igliński & Babiak, 2017). For example, an autonomous truck carrying 
only freight does not need airbags and air conditioner devices. It means that AVs will have a significant 
reduction in weight which is attributed to an increase in the fuel efficiency for the vehicle (Joost, 2012; 
Igliński & Babiak, 2017). The cancellation of some onboard equipment designed for drivers and/or 
passengers can also decrease the cost of production and reduce the GHG emissions of the vehicle itself. 
In terms of the manufacturing of AVs, the right vehicle size and optimized weight lead to increased 
energy efficiency and substantial GHG emissions reduction. Besides eco-driving and limitation of 
safety equipment issues, AVs can furthermore reduce GHG emissions from many other aspects, such 
as easy parking, congestion mitigation, and efficient routing (Massar et al., 2021). 
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On the other hand, some predominant predictions illustrate that vehicle automation may increase GHG 
emissions. A tremendous amount of more accessible and faster travel may be triggered if traffic 
congestion and vehicle collisions are under control (Massar et al., 2021).  Wadud et al. (2016) estimate 
that automation technologies will increase the driving speed limits to involve more traffic flows. 
According to Schafer et al. (2009) and Brown et al. (2014), people might choose to live far away from 
their previous destinations, resulting in the promotion of urbanization and increasing needs of travel. 
The easier and faster travel contributed by AVs technologies may, thus, increase the amount of travel, 
which would be accompanied by increased fuel consumption and higher rate of GHG emissions.  

The development of AVs is accompanied by growing research progress on the impacts of AVs’ GHG 
emissions. It is essential to consider that AVs may introduce people’s behavior change. For example, 
AVs may induce great increased travel by the elderly and other groups that are not able to drive. This 
situation increases the difficulties of validating the current predictions (Williams et al., 2020). 
Enhanced research on GHG emissions of AVs is therefore needed to reduce the uncertainty by ensuring 
that the analyzing models are explicitly evaluated and essential perspectives, such as behavior change, 
are considered. 

2.6. Cloud IT solutions and data center 

One of the critical technologies for AVs are the cloud IT solutions. When discussing cloud IT solutions, 
data centers will also be mentioned. Implementing cloud IT solutions and data center services is an 
essential strategy for enterprises to replace the IT services based on in-house dedicated computing 
infrastructures (GHG Protocol, 2017). Cloud services offer solutions to process data computing, 
storing, and networking, using shared resources and being featured with convenient, ubiquitous, and 
remote access via the internet (GHG Protocol, 2017). In general, cloud services are provided by public 
third parties (or cloud providers).  

Cloud and data center services have plenty of advantages. Cloud IT solutions aim to migrate IT 
services to distant data centers, thus, reducing the end-users’ reliance on limited local resources 
(Kantarci & Mouftah, 2014). Customer companies can still utilize optimized and efficient IT solutions 
with high flexibility and mobility and ensure data security. Besides, cloud IT solutions offer other 
business benefits, such as scalable and high-performance, increased collaboration, and quality control 
(AWS, n.d.a; Salesforce, n.d.). What is more, Antonova and Bartkova (2020) imply that using cloud 
IT solutions, after all, allows not spending additional money and efforts to build and maintain the local 
infrastructure and avoid potential risks, such as extreme weather conditions. To sum up, through a 
mixture of leasing or buying business models, these cloud services enable customer or user companies 
to meet their data processing requirements and effectively save cost and effort compared to using their 
on-prem facilities.  

These novelties and advantages contribute to the relatively recent and rapid growth of cloud IT 
solutions and data center facilities. The remarkable growth caused public concerns over energy 
consumption and the ecological impacts. As discussed in one previous session (2.4 IT solutions and 
GHG emissions), global data centers consume a great amount of electricity. The cloud approach now 
even has a higher climate footprint than the aviation industry (Monserrate, 2022). People should 
consider the causes of the huge amount of GHG emissions from cloud IT solutions and data center 
services. Besides the external exponential needs and usage from customers, three key areas should be 
introduced according to GHG Protocol (2017) for the IT sector: emissions of i) the data center, ii) the 
network, and iii) the end-user or client devices (for example, laptops, desktops, phones, etc.).  

Several vital technical terms should now be introduced to attain a greater understanding of the cloud 
emissions from cloud services and data centers.  
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2.6.1. Data center and its PUE 

According to GHG protocol (2017), a data center is a physical location dedicated to hosting IT 
infrastructures. The kilowatt unit always measures a data center capacity. A data center consumes 
more input energy than it delivers to the IT equipment. The data center energy overhead, or non-IT 
energy, consists of the energy consumed by the cooling systems and power-delivery components. A 
data center’s metric power usage effectiveness (PUE) represents the ratio between the total facility 
power consumption and the IT equipment power. The PUE value 1 means all the facility power is 
consumed by the IT equipment, which is not realistic in industry. The closer the PUE number is to 1, 
the more efficient the data center is. Normally, it could be called as an efficient data center if the PUE 
number is equal to or less than 1.5 (GHG protocol, 2017). 

2.6.2. Grid emission factors 

An emission factor is a coefficient allowing the conversion from activity data into GHG emissions 
(Climfoot, n.d.). It refers to measuring CO2e emissions intensity per unit of electricity generated into 
the grid system with the unit (Arora, n.d.). Grid emission factors can also be called as electricity 
emission factor and electricity carbon intensity. Different locations have different emission factors. 
For instance, some grids own a higher percentage of clean or renewable energy and consequently, 
have a lower grid emission factor value. The electricity emission factors used should be appropriate 
for the region where the electricity is consumed (GHG Protocol, 2017). 

The metrics PUE of data centers and grid emission factors greatly influence the GHG impacts of cloud 
IT solutions and trigger significant potential to reduce GHG emitted to achieve sustainability (GHG 
Protocol, 2017). 

The growing trend in the cloud service industry has witnessed a significant electricity consumption of 
clouds. It is estimated that nearly 1% of the worldwide electricity is used in cloud computing (Pesce, 
2021). While in this case study, the heavy-duty AVs team’s cloud service adopted by Scania is the 
AWS solution (Scania CV AB, 2017, 2021a). AWS is consuming the electricity from local grids in 
each region, and they also purchase renewable electricity to offset the emission factors. However, no 
available source can show how the electricity is sourced to support the AWS cloud service solutions 
globally. According to AWS (n.d.b), they claim their ambitious goal of using 100% renewable energy 
by 2025. Even though no sound existing research can reveal the saving potentials of how emissions 
would change with increasing the renewable fuel of the sources of energy from the cloud service sector, 
this ambition (100% of non-fossil energy and 0% of fossil fuel) is deemed to be ideal and have strategic 
significance to attain the much lower emissions from the cloud service solutions. 

This thesis will investigate the GHG impacts of cloud IT solutions from Scania’s heavy-duty 
commercial AVs in the use phase, with climate footprint as the research theme. Thus, I will attempt 
to simplify the technical IT problems but continuously focus on GHG emissions and qualitative 
research on this topic. By saying GHG emissions of the cloud IT solutions, this means the CO2e 
emissions of the cloud services supporting Scania’s heavy-duty commercial AVs R&D related work. 
It could help change the invisible and complex research topic into a tangible and qualitative one. 

  



11 

3. Methods 

3.1. Research design 

An in-depth case study is chosen as the research design to answer the research questions. Case studies 
are preferred to research the diverse environmental subjects, particularly the issues where theories are 
not well-developed and mature datasets are not available (Kanazawa, 2017). The topic of this study, 
assessing the GHG emissions associated with cloud IT solutions, is still lacking robust methodologies 
and theories, and large numerical datasets. Thus, performing a case study will be an essential and 
helpful tool in this research. The case study method has the common fact of focusing on one or a very 
small number of instances, which can help dig down profoundly and understand a topic with real-life 
complexities (Kanazawa, 2017). In this study, the real-life setting is Scania and its cloud IT solutions 
from heavy-duty commercial AVs during the use phase.  

Choosing a single case under this condition has several distinct advantages. First, the essence of this 
case is typical and representative. As well as many other companies, Scania uses cloud IT solutions 
for its data computing, storage, and networking. The GHG impact assessment from these cloud IT 
solutions may differ between organizations or industries; however, the purpose of this research is to 
investigate the GHG impact in this particular context and to gain some broad insights applicable to 
many different but related situations. Thus, the single case study can satisfy this purpose.  

Furthermore, by focusing on one instance, i.e., a single company instead of several ones, a single case 
study is more feasible and less time-consuming (Kanazawa, 2017). Although compared to the multiple 
cases, a single case study is limited in generalizing the phenomenon and observing the differences 
between cases (Kanazawa, 2017), it can still provide valuable insights.  

As a result of the limited research on the topic, an exploratory case study is considered the optimal 
research strategy. This kind of case study is favored, especially with the aim to scrutinize a largely 
unexplored area, together with being a preparation for a follow-up oriented future research (Kanazawa, 
2017). In this thesis, an exploratory study suits well to investigate the environmental issues of cloud 
IT solutions. Besides, an exploratory research strategy is beneficial as a result of a lack of prior 
developed research in this subject (Kanazawa, 2017). 

By conducting semi-structured interviews, the primary qualitative data will be collected. Barriball and 
While (1993) and Saunders et al. (2009) suggest using semi-structured interviews to do an exploratory 
study as this interview method could offer contextual material for the study. Semi-structured 
interviews provide a useful chance to explore the perceptions and opinions of respondents in terms of 
complex or novel issues and enable probing for clarification and more insights (Barriball & While, 
1994). 

In general, qualitative research studies often use an inductive approach, from specific observations to 
broader generalizations and theories (Saunders et al., 2009). However, this research will use a 
combination of deductive (meaning from general to specific) (Saunders et al., 2009) and inductive 
approaches. An inductive approach will be developed, and a deductive approach will be tested 
iteratively along the research process. In other words, the Background part will be revisited and 
revised when new insights from interviews are found. For instance, interviewees mentioned the term 
PUE of data centers, and researcher found the definition and some other key points of this term and 
added it to the Background chapter. The objective is to lay a solid foundation to answer all the 
research questions properly. 

3.1.1. Unit of analysis and observation: Scania CV AB 

The stated unit of analysis observation can govern the way of collecting the data in this case study. 



12 

Given the research questions, the unit here is defined as the Scania company entity. The unit of interest 
in this research is working closely with the adoption of cloud IT solutions in the R&D of heavy-duty 
commercial AVs during the use phase. Scania chooses to work with AWS for its cloud-first strategy 
towards development of heavy-duty commercial AVs and sustainable and autonomous transport (AWS, 
2019; Scania CV AB, 2017, 2021a). 

Scania is a worldwide commercial vehicle manufacturing company headquartered in Sweden. It is 
currently in a big transformation journey towards being a transport solution provider. Being a part of 
Volkswagen Group (a German automotive company), it plays a vital role in the transport industry as 
a world-leading provider of transport solutions. One of the company’s ambitious corporate social 
responsibilities is to drive the shift towards a sustainable transport system. Scania has the 
understanding that the concept of “well-to-wheel” might need to be adjusted to “well-to-solution” as 
the company goes from being a vehicle manufacturer towards being a transport solution provider (see 
detailed descriptions on Fig. 3) as a service business model. This transformational vision is based on 
three pillars of sustainable transports: “i) energy efficiency, ii) renewable fuels and electrification, 
and iii) smart and safe transport” (Scania CV AB, n.d.a).  

● According to the Volkswagen Group and Scania (Scania CV AB, n.d.d; Volkswagen, n.d.), the 
“well-to-wheel” concept comprises: 

1). Well-to-pump refers to the sub-range of fuel supply from energy production to fuel supply, with 
the process of extracting, transporting, refining, and refueling.  

2). Pump-to-wheel refers to the sub-range of a vehicle’s energy chain, extending from energy 
absorption (fuel pump) to discharge (on driving). 

3). Tank-to-wheel refers to the sub-range in the vehicle’s energy chain, from the energy absorption 
(fuel pump and charging point) to the discharge (on driving). Scania has won the “Green Truck” award 
which aims to measure how fuel efficiency the vehicle is during the tank-to-wheel (Scania CV AB, 
2021c). 

● The “well-to-solutions” concept contains: 

1). Well-to-pump refers to the process from electricity generation, transmission to charging points. 

2) Pump-to-solution refers to the fossil-free fuel (electricity) used on the heavy-duty commercial AVs 
and autonomous systems. 

3). Tank-to-solution is a future concept when Scania becomes a transport solution provider, the “Green 
Truck” award might include the GHG emissions from the IT systems supporting the transport solution.  
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Fig. 3. Scania is challenging the concept of measuring the lifecycle assessment of its product and service 
offerings. The concepts change from “Well-to-wheel” to “Well-to-solution”. With the ambition of being a 
product-driven company to becoming a transport solution driven company, Scania has three pillars defining 
sustainable transports: i) energy efficiency, ii) renewable fuels and electrification, and iii) smart and safe 
transport. (This figure is used with the permission of the original source from Scania.) 

Scania CV AB (2021d) aims to reach net zero carbon emission by 2040, agreed in the Climate Pledge 
in which companies work together to accelerate actions and inspire more significant climate action. 
To manifest the commitment and be transparent on the journey, the company’s guiding star is Scania’s 
SBT, which directs the company to reduce carbon emissions at the scale and speed from direct global 
operations and customer vehicles in use. Under the SBT initiative, Scania depicts its ambitious 
decarbonization scenario that will reduce the CO2e emission from its operation by 50% until 2025, and 
a 20% reduction from the products in the use phase (CO2e per kilometer with 2015 as a baseline) 
(Scania CV AB, 2021d). 

3.2. Research process 

To effectively plan the research, a structured research process scheme is developed. The nature of case 
study procedures is non-linear but iterative (Kanazawa, 2017).   

 

Fig. 4. Overview of the research process scheme utilized in this study. The research process contained four 
stages. 

The research process scheme contained four essential parts (Fig. 4). Firstly, the research topic and 
three research questions were framed together with the supervisor at the case company. However, 
since the research topic was broad and novel for the academics and the company, the research 
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questions were reshaped along the process when new discoveries shifted the research direction. After 
finalizing the research questions, a scoping literature review was implemented to observe and identify 
the existing methodologies and solutions to assess GHG impacts from cloud IT solutions. The scoping 
literature review functioned as a preparation for the following research. Then it was followed by the 
semi-structured qualitative interviews with employees having different expertise within the case 
company. This step was designed to answer the second and the third research questions: discuss the 
potential challenges of assessing GHG impacts from cloud IT solutions and identify the possible 
recommendations to reduce the impacts. Based on the scoping literature review and input from the 
interviews, the analysis part determined the existing solutions and their problems, identify the 
significant challenges and outlined potential recommendations and future research directions. 

3.3. Data collection 

In this study, two strands of data were encountered and collected by utilizing two research methods: 
scoping literature review and semi-structured interviews.  

3.3.1. Scoping literature review 

The scoping literature review was conducted to collect the secondary data to find and validate the 
current methodology or solutions to assess the GHG impact of cloud IT solutions. This kind of review 
approach is relatively new but useful if the purpose of the review is to identify and address the 
knowledge gaps (Munn et al., 2018). Since this topic lacks empirical studies and established 
methodologies both from the academic world and industry, scoping literature review was chosen in 
this research. Search queries were made in different sources, including Google Scholar and Google 
Search. The keyword used was cloud service GHG emissions assessment/calculation methodology. 
This research step was conducted during February and March 2022, and the researcher only selected 
materials in English language. 

3.3.2. Semi-structured interviews 

As one of the main methods to collect the primary data, semi-structured interviews were conducted 
within the case company. This kind of interview is a preferred method in social sciences. It has the 
features of being open and inclusive for new ideas by using a combination of closed-ended and open-
ended questions (Kanazawa, 2017). The main reason for having semi-structured interviews in this 
research was the selected exploratory research strategy. The semi-structured interviews enabled the 
desired questions to be covered during interviews and gave the researcher more opportunities and 
flexibility to ask follow-up questions and probing questions (such as ask the reasons behind I-Don’t-
Know answers).  

After understanding the organizational structure of the heavy-duty commercial AVs team and other 
related teams at Scania, the sample target groups were decided based on the recommendations by the 
supervisor at the case company. This supervisor had a broader network and understood the company 
structure, which could provide a reliable source for interview guidance. One target group was canceled 
along the interview process. Because one participant (participant 04) came from that group, he 
suggested directly conducting an interview with him instead of asking that group since he grasped all 
the answers I may get from that target group. Thus, in the end, three target groups were selected, i) 
the Green IT team, ii) the AVs team, and iii) the R&D team. A brief description of each target group 
can be found in Table 1 below. 
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Table 1. Overview of the three target groups: i) the Green IT team, ii) the AVs team, and iii) the R&D team. 

Target Groups Brief descriptions 

Green IT team This newly built team with four people is working with AWS on a green-IT 
initiative, aiming to visualize and minimize the climate footprint of Scania’s 
cloud IT services. It was the most relevant target group for the research. 

AVs team This team deals with the R&D of heavy-duty commercial AVs and smart 
transport solutions. Thus, their daily working experience contributes to the 
direct input of valuable perspectives for my research. 

R&D team This team has the task of researching sustainability and exploring sustainable 
solutions that improve productivity and profitability for customers.  

Afterward, three versions of the written interview guides (Appendix A) were initiated, which were 
adjusted for each team to take advantage of the participants’ working experiences and abilities across 
the different organizations of the company. The interview guides secured those critical questions that 
were asked during the interviews. These guides contain general or introductory questions, and these 
questions functioned as a better understanding of the interviewees, such as their backgrounds, 
sustainability mindsets, and the working tasks. 

The next step was to send the interview invitations and Consent Forms (Appendix B). In total, from 
January to February 2022, seven employees accepted the invitations, and afterward, seven semi-
structured interviews were performed. Interviewees came from the above three target groups, and they 
were working for different roles at the company. The sampling number of seven interviewees was 
deemed appropriate, as Guest et al. (2006) suggest that six to twelve interviews is a reasonable number 
for ensuring the achievement of desired research objectives.  

Table 2. Overview of the conducted interviews. Seven semi-structured interviews were conducted during 

January 2022 to February 2022. 

Interviewees Dates Durations Roles Interview Guides 

1 2022-01-07 45 mins Tech Lead & Secure Lead A.2 

2 2022-01-10 60 mins System Developer A.1 

3 2022-01-10 60 mins Software Developer A.1 

4 2022-01-24 60 mins System Developer A.1 

5 2022-01-25 50 mins Tech Lead & Secure Lead & 
Solution Architect A.2 

6 2022-02-07 45 mins Product Owner A.2 

7 2022-02-15 40 mins Technical Manager A.3 

An overview of the conducted interviews is given in above Table 2. As established in the Consent 
Form (Appendix B), the participants’ names and titles were not disclosed, and the participants were 
anonymous with numbers as their symbols. Involving different positions of interviewees ensured the 
various perspectives in terms of the similar question. Simplified roles can be found in Table 2. The 
roles of participants consist of Tech Lead & Secure Lead, System/Software Developers, Solution 
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Architect, Product Owner, and Technical Manager from different areas of the case company. 
Interviewees 1, 5, and 6 worked with the AVs team, and the interview guide A.2 for the AVs team 
was selected. Interviewees 2, 3, and 4 came from the Green IT team, and guide A.1 for the Green IT 
team was used. Interviewee 7 came from the R&D team, which used the interview guide A.3 designed 
for this team.  

The interviews were performed in English. All interviews were conducted in Microsoft Teams 
meetings which were recorded after obtaining prior consent from each interviewee. The functionality 
of built-in recording provided by Microsoft Teams simplified the process of data analysis. The 
automatic transcriptions by Teams became a more accurate raw source for edited transcriptions in the 
later stage. Besides, the raw transcripts can also be studied multiple times to eliminate any 
misconceptions while processing the transcriptions. 

3.4. Data analysis 

Thematic analysis was used to analyze the data from the semi-structured interviews. It is a preferable 
approach applied to identify, analyze, and report patterns (or themes) with qualitative data, such as 
interview transcripts or survey responses (Braun & Clarke, 2012). Thematic analysis ensures 
flexibility for researchers in data interpreting and allows an easy way to sort the large data sets into 
broad themes (Guest et al., 2011). A thematic analysis typically contains six phases: i) familiarizing 
with the data, ii) generating initial codes, iii) searching for themes, iv) reviewing potential themes, v) 
defining and naming themes, and vi) producing the report (Braun & Clarke, 2012). The researcher 
adjusted into the four steps (Fig. 5). 

 

Fig. 5. Overview of thematic analysis steps utilized in this study. 

• Step 1: familiarizing the data 

Braun and Clarke (2012) argue that it is vital for researchers to immerse in the data to be familiar with 
the content in the depth and breadth and repeat reading of the data. In this step, the raw data was the 
transcriptions generated by the recorded interviews and the automatic recording transcriptions. The 
raw transcriptions were reviewed manually again and again by the researcher to avoid the errors 
derived from original audio recordings for accuracy and to develop a better familiarity with the data. 
Along with the familiarizing phase, an initial list of ideas or remarks about the possible themes or 
interesting findings was also generated, which could benefit the following steps.  

● Step 2: conducting initial coding 

Step 2 began after reading and familiarizing the data and conducting initial coding from step 1. Codes 
refer to the data features (semantic content) that attract interest for the researcher and the analyst. 
Coding is a method to categorize the data with similar meanings or features (Braun & Clarke, 2012). 
Specifically, various contexts, including words, sentences, and paragraphs, were labeled with codes 
symbolizing the extracted meanings. The clear and desired codes would be short phrases in this 
research.  

● Step 3: generating the themes and mapping out the overlapping ones 
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The third step included generating the themes compiled by the various patterns of the codes. A theme 
with several codes would be ranked higher than others, except those with significant meanings to 
answer the research questions. The overlapping codes and themes were mapped out with special 
attention and marked as essential findings.  

● Step 4: producing the report 

After finding the codes and generating the themes, the tables of codes and themes, as well as the report 
would be presented. An overview of the codes and themes can be found in Appendix C. 

3.5. Research quality 

Whether trustworthy and reliable conclusions are being yielded is another issue concerning designing 
a case study (Kanazawa, 2017). Two judgments: validity and reliability, are essential and 
representative of the research quality. Thus, the issues of validity and reliability is considered to assess 
the rigor of this research. 

3.5.1. Validity  

In terms of validity, it refers to the credibility and generalizability of the research conclusions. In 
qualitative research, validity is revealed in three notions: internal validity, external validity, and 
construct validity (Kanazawa, 2017).  

Internal validity indicates the appropriate interpretation of any relationships that may occur in the data 
due to the possibility of confounding variables (Kanazawa, 2017). In other words, it refers to the 
causal relationship between variables and results. In this research, to ensure internal validity, multiple 
data sources are collected. The data from scoping literature review and semi-structured interviews set 
a solid foundation for the data analysis stage. 

The issue of external validity is about whether the findings can be generalized into other contexts, 
including different times, settings, and researchers (Kanazawa, 2017). Two common dangers to 
external validity are selection threats and setting threats. The selection threats denote the potential 
danger that the conclusion may be threatened by choosing research participants who are away from 
the targeted settings (Kanazawa, 2017). In this research, the problem of sample selection bias was 
carefully considered. The working experience of all the chosen participants had connections with the 
topic (GHG impacts from cloud IT solutions generated by AVs) comprising from different levels and 
different roles of employees, such as Developers, Team Lead, and Manager.  

The setting threats mean the risk that the conclusion of a study cannot reflect the real-world situations 
as a result of the research being carried out under artificial settings with many unreal hypotheses 
(Kanazawa, 2017). These threats would not occur in this study, because it is a real study based on a 
case company. Besides, as mentioned in the Introduction, although this study aims to investigate 
GHG impacts in a particular context, the conclusions could bring some broader insights applicable to 
related situations. 

The last aspect is the construct validity. It shows the need to capture the theoretical constructs 
accurately with the variables used in the study (Kanazawa, 2017). To establish the construct validity, 
this study investigates what it claims to investigate through the research. The research design and data 
collection stages were carefully implemented and this research tries to involve as many reliable data 
sources as possible. 

Besides the above validity considerations, several other issues were carefully considered in the 
practical interview process. During the interviews, the researcher paid attention to giving enough 
freedom and time for interviewees to express their perspectives without interruptions. Then, some 
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conclusions or sum-ups were repeated by the researcher after the conversations. After the interviews, 
the researcher reviewed the raw transcriptions and sent a copy to each interviewee to ask for any 
feedback or corrections. 

3.5.2. Reliability  

Reliability in qualitative research refers to replicability, which means the same results could be 
produced by conducting a similar study and with the same procedures (Kanazawa, 2017). To establish 
reliability for this particular research, two guidelines stated by Kanazawa (2017) were used throughout 
the study. 

Firstly, the researcher paid attention to collecting, managing, and structuring the evidence. The 
researcher used less ambiguous terms in the interview guides or explained those terms to the 
interviewees and ensured they understood the questions before presenting their opinions. In organizing 
the codes phase, the author consistently implemented the coded categories and managed the codes 
individually. 

Secondly, code drift was consciously avoided. Code drift refers to the code definitions change along 
with the study procedures and is a fundamental danger of inconsistency in characterizing the puzzles 
of data or evidence (Kanazawa, 2017). It often happens if multiple coders code work on the 
transcriptions or if the coding process is occurring over a long-time span (Kanazawa, 2017). To combat 
this code drift threat and maintain code integrity, codes were written down in an explicit and precise 
way from the beginning. The coding phase was conducted individually within a concentrated period 
(April 2022), and codes and themes were continuously cross-checked for consistency. 

What is more, besides these two guidelines, some practical methods were also applied to achieve a 
high level of reliability of the research. For instance, the author paid attention to maintaining 
transparency in terms of explaining the methodology used and the situation of the case company. In 
addition, the Interview Guides, Consent Forms, and tables of codes and themes were listed as the 
appendix in this thesis. The reasons for disclosing these documents are not only to enable the 
replicability of the research, but also to be transparent if readers or other researchers find any errors 
in the research procedures. 

3.6. Research ethics 

Ethical issues were kept in mind throughout the research. According to Kanazawa (2017), working 
with human participants needs several additional ethical considerations to general research ethics. The 
conducted interviews reflected these ethical considerations: 

The first critical ethical issue is that participation in the study must be entirely voluntary along the 
whole process (Kanazawa, 2017). Every interviewee confirmed their willingness to conduct the 
interviews. The Consent Form therefore included the following assurance: “I am voluntarily taking 
part in this project. I understand that I do not have to take part, and I can choose to stop the test at any 
time” (see Appendix B for more information). During the interviews, the interviewer underlined and 
double confirmed that the interviewees would be free to stop the discussions at any point.  

The notion of informed consent is parallel to the notion of voluntary participation (Kanazawa, 2017). 
Each participant was asked to sign the Consent Form (Appendix B) based on a similar document from 
the Swedish Research Council. Moreover, double confirmations were also made during interviews to 
ensure the participants knew that the interviews would be recorded, and the interview transcriptions 
would be used and analyzed by the researcher. Besides, the interview date and time were agreed upon 
and accepted by both interviewees and interviewer ahead of the formal interviews. The “good use 
requirement”, referring to the fact that the recorded interviews would only fulfill the research purpose, 
was also confirmed before the interviews.  
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The confidentiality guideline is the final critical ethical concern, which means that the participants 
have the right to keep their information private in the research study (Kanazawa, 2017). As listed on 
the Consent Form and agreed by the interviewees, the participants’ names and actual job titles would 
never be disclosed. Instead, an anonymized database assigning each participant a numeral ID 
(participants 1-7) and general job roles were listed in Table 2. Consent Form (Appendix B) mentions 
that “access to the interview transcript will be limited to the above research investigator.” The 
documentation in terms of the transcriptions would only be stored locally, and not be published as an 
appendix; only the summed codes and themes and some quotations would be used in the thesis. 
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4. Results 
This chapter shows the main results of the research. The first section addresses the first research 
question through the scoping literature review method and finds several existing solutions for 
calculating cloud GHG emissions. The following sections respectively present the challenges of 
assessment and possible recommendations to reduce GHG impacts by conducting the thematic analysis 
of the interview transcriptions. These two sections aim to answer the second and third research 
questions. 

4.1. Existing solutions for calculating cloud emissions 

The findings begin with the existing solutions for cloud GHG emissions measurement. The scoping 
literature review was selected to cover the current solutions available from both industry and academia. 
The scoping literature review, aiming to include an overview of secondary research, started with the 
intentional and purposeful selection of data and information contained in this research study. The 
types of data and information here included news, corporate webpages, and journal articles using 
Google Search and Google Scholar tools. Criteria used to ensure the inclusion of the data were the 
search term for identifying the types of information and another specification, only selected 
information with English as its language.  

On the one hand, nearly no applicable methodology or guideline to assess the cloud GHG emission 
was found in the academic literature. Many articles emerged when searching the key term on Google 
Scholar, but after selecting the useful literature by utilizing the selection criterion, which was to 
choose the articles that provide methodologies to assess cloud service GHG emissions. Most of the 
articles were not about the GHG emissions from the cloud service itself. Instead, they were focusing 
on the cloud services applications, i.e., analyzing the GHG emissions from other industrial activities 
which had applied cloud services. For example, Chowdhury (2012) assess the GHG emissions from 
the library dematerialization sector, and Despins et al. (2011) investigate the emissions from green 
communications. 

Some exploratory academic assessments of cloud services were available. However, these assessments 
had multiple limitations. First, some studies were not designed to address the climate impact and GHG 
emission aspects. Hilty et al. (2014) aimed to evaluate the sustainability of smart solutions. Seegolam 
et al. (2015) discussed the potential of using IT and cloud services to reach general sustainability 
targets. Scott and Watson (2012) investigated the cloud services’ different impacts on economic, 
environmental, ethical, and competitive positions. Lykou et al. (2018) identified the sustainability 
aspects of data centers. Secondly, they were only valid with some specific cases which did not suit the 
general cloud emission estimations. Such as Williams and Tang (2013) modelled and investigated the 
GHG emissions caused by certain cloud computing services. Some other researchers provided 
suggestions on how to minimize cloud GHG emissions results. Maurice et al. (2014) developed a 
temporal differentiated life cycle assessment model to provide a regional-based inventory which 
model electricity generation by setting up an efficient cloud computing network. However, their 
research lacked information on how to measure GHG emissions. Besides all of the academic works 
above, there are many other articles that discuss the GHG emission topic on a higher level, for example, 
the potential of using cloud services to lower emissions, or the difficulties and challenges of assessing 
the cloud GHG emissions, such as studies conducted by Kansal and Chana (2012), Hilty et al. (2014), 
Williams et al. (2014), Patel et al. (2015), and Itten et al. (2020). 

On the other hand, several existing solutions from the industry side were found using the same search 
terms. The discovered solutions were divided into two categories: solutions provided by cloud service 
providers and the solution provided by the third party.  

Under the first category (solutions provided by cloud service providers), it was found that the three 
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cloud computing supplier giants (Amazon, Google, and Microsoft) were able to provide their tools to 
measure the GHG emissions caused by using their cloud services. 

1). AWS has the Customer Carbon Footprint Tool, which was newly released in March 2022 (Barr, 
2022). With this tool, AWS customers can know and visualize their historical cloud GHG impact by 
using AWS. AWS claims that by using this tool, their customers can understand and even forecast 
how AWS is helping to lower the climate footprints in the cloud service sector. AWS explains the 
emissions are calculated by month, but a three-month delay occurs (Barr, 2022). It means users cannot 
understand their emission change by day and week, and neither can they assess the emission within 
the recent three months.   

2). Google Cloud (n.d.) launched a tool named Carbon Footprint and committed the visibility for 
customers from the aspect of climate impacts of cloud products purchased from Google Cloud. Carbon 
Footprint calculates the emissions from the bottom-up, with a high reliance on the cloud infrastructure 
level on an hourly basis. Google claims to be able to help the customers to allocate the emissions to 
each Google Cloud product used. Moreover, Google declared that its calculation methods could be 
reviewed as reasonable and appropriate due to being validated by third-party experts in sustainability 
consulting.  

3). Other than Amazon and Google, Microsoft (2022) also innovated its tool, named Emission Impact 
Dashboard for Azure. Microsoft claims that using this tool will help users understand their Microsoft-
cloud-based GHG emissions and measure their carbon saving potential. They also state that a third 
party has certified their carbon-accurate accounting method. However, during discussions with the 
Microsoft team (with the topic of introducing the Emission Impact Dashboard for Azure), it was 
recognized that the emission dashboard could only be used at the tenant level. It means an individual 
end-user cannot have access to this Emission Dashboard nor measure his or her Microsoft-cloud-based 
emissions. And on the Dashboard, the emission data cannot be allocated to each user account but only 
can show the overall emissions caused by the whole tenant company.  

Besides the solutions provided by cloud service suppliers, there was also a calculation solution 
conducted by the third party: Cloud Carbon Footprint (CCF). Cloud Carbon Footprint (n.d.) platform 
is an independent and open source that provides an appliance called Cloud Carbon Emissions 
Measurement and Analysis Tool. This platform provides comprehensive methodologies which work 
for multiple cloud providers, including AWS, Google Cloud, and Microsoft Azure, and displays the 
metrics of cloud GHG emissions from a holistic view. Moreover, CCF estimates all types of energy 
and GHG emissions for cloud usage, such as embodied emissions from the manufacturing of the data 
center infrastructures. It also measures electricity usage and GHG impacts at a granular service level 
with two calculation units: electricity consumption (in watt-hours) and GHG emissions represented as 
CO2e (in metric tons). What is more, CCF has a decisive advantage: it could apply the actual and 
accurate server utilization data rather than the average utilization data for data centers (Cloud Carbon 
Footprint, n.d.). 

4.2. Assessment challenges 

Based on the thematic analysis, six themes, 14 sub-themes, and 30 codes were identified on the topic 
of cloud GHG emission assessment challenges. These six themes are i) assessing system boundaries, 
ii) data quality and collection methods, iii) measurement methodologies, iv) calculation process, v) 
validation process, and vi) some other challenges (see Appendix C). The empiric observations for 
each theme are presented below: 

4.2.1. Assessing system boundaries 

There were many challenges and obstacles to consider when assessing cloud GHG emissions. After 
analyzing the data retrieved from semi-structured interviews, the initial challenge was assessing 
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system boundaries. Without setting the assessment boundaries, the follow-up emission measurement 
steps, such as data collection, methodology selection, calculation, and validation, cannot progress 
smoothly.  

The first theme, assessing system boundaries, was mentioned as a significant challenge by four 
participants (over half of all interviewees), and contained two sub-themes: scope and invisibility. As 
shown in the Table 3, these two sub-themes have separate code(s): “assessment scopes”, and “invisible 
cloud” and “intangible assessment”. 

Table 3. “Assessing system boundaries” theme and its sub-themes and codes. *Frequency means the number of 
interviewees mentioned. While the same interviewee could mention several codes; thus, the frequency of the 
theme is not equivalent to the sum of frequencies of codes - the same works for the rest of the Tables. 

Codes Frequency* Sub-themes Theme Frequency 

Assessment 
scopes 2 Scope 

Assessing system 
boundaries 4 Invisible cloud 1 

Invisibility 
Intangible 
assessment 2 

Two interviewees were concerned about the cloud emission assessment scopes factor from two 
different perspectives regarding the scope sub-theme. Participant 04 mentioned to calculate the cloud 
GHG emission, one must pass a lot of IT infrastructure (such as data centers and networks). It was a 
complex calculation model if one considers all the emission impact factors of the supply chain. Besides, 
participant 06 expressed that the selection of the assessment scopes from the AV systems set up was 
problematic and risky. For instance, which operating system or data development environment should 
be decided to include. 

The research set up is an AV team, and this topic and the research environment are novel and still 
under development with both significant uncertainties and potential. This factor (assessment scopes) 
also occurred during the initial stage of this research when figuring out the AV team set up and their 
cloud usage. The early decision-making process of the assessment scopes would play an essential role 
in the final quantitative findings. From the academic perspective, it was challenging to determine the 
breadth and depth of the assessment in an actual set up of a company. The final solutions were to 
select one representative data environment and adopt all the groups (here refers to the groups within 
the AV team) using the cloud services according to the organizational chart of the AV team. 

Another sub-theme was invisibility. One interviewee pointed out the invisible cloud factor, and two 
others mentioned the intangible assessment issue. Compared to the tangible products, for example, 
the trucks and buses produced by Scania, the invisible nature of the cloud added much more 
complexity to the emission assessment procedure. One participant (interviewee 04) revealed the 
invisible cloud as the most significant challenge by saying: “I would say the biggest challenge is 
regarding the cloud. Because no longer when using clouds, you don’t have anything in front of you.” 
“Not knowing exactly what you’re using is a problem because the cloud hides it from you.” Interviewee 
02 suggested there was a great need for practitioners to create something tangible to assess the cloud 
GHG emission regarding the intangible cloud system.  

Importantly, invisible cloud and intangible assessment were noticed during the whole research process. 
Since this is interdisciplinary research that contains sustainable development and IT disciplines, the 
researcher, with a background in sustainable development, observed that connecting the invisible 
cloud with its GHG emission would be beyond her knowledge. To investigate this interdisciplinary 
research, one must first solve the challenge of understanding the intangible cloud’s primary 
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mechanism and make the invisibility characteristic into something tangible and quantifiable.  

4.2.2. Data quality and collection methods 

The second challenge or theme that emerged was the issue of data quality and collection methods, 
which was mentioned with high frequency by six interviewees. This theme contains three sub-themes 
with multiple codes. Three sub-themes were named as i) data collection methods, ii) transparency 
and data availability, and iii) age of data, as shown in Table 4 below. 

Table 4. “Data quality and collection methods” theme and its sub-themes and codes. 

Codes Frequency Sub-themes Theme Frequency 

Data transportation traffic 
and emissions 2 

Data collection 
methods 

Data 
quality and 
collection 
methods 

6 

Supply chain 1 

Data integrity and 
trustworthiness 2 

Transparency and 
data availability 

Big datasets 1 

Lack of published data 1 

Low transparency 2 

Unstable technological 
development environment 2 Age of data 

The first sub-theme found was data collection methods. As previously suggested by participant 04, 
involving all kinds of GHG impact factors from cloud service infrastructure is complex but necessary 
to assess the accurate cloud GHG emission. It echoes what he and participant 02 mentioned: the longer 
the distance between cloud IT infrastructure and end-users, the more data traffic and emissions could 
be produced. It could be identified as the data transportation traffic and emissions code. Participant 
01 also mentioned the supply chain issue, which includes but is not limited to data transportation 
traffic. This issue refers to the complexity of the IT and the cloud sector would face risks of selecting 
improper sectors of data to calculate the GHG emissions. 

The next major sub-theme was transparency and data availability. There is currently low 
transparency within this research field and industry. Specifically, it is related to data integrity and 
trustworthiness, big datasets, lack of published data, among others.  

Two interviewees (04 and 05) mentioned this challenge several times. They had the working 
experience to assess the cloud climate footprint. The first code that emerged was the data integrity 
and trustworthiness, mainly referring to two kinds of data originating from cloud suppliers. The first 
is the input data, such as cloud usage and cost, data centers’ electricity carbon intensity used for their 
self-reports. Participant 04 put forward the concern of “how can we trust the incoming data?” to 
understand the GHG emissions. Another kind of data are cloud suppliers’ output emission results. This 
type of data typically comes from the suppliers’ existing tools mentioned in the previous session (4.1. 
Existing solutions for calculating cloud emissions).  Participant 05 stated, “I would take whatever 
they (cloud providers) say with a grain of salt because they fundamentally want you to run as much 
stuff as possible because that’s how they make money.”  

The second code that emerged was the big datasets. IT and the cloud can deliver and export as much 
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data as possible by using the existing tools and practices; however, not all the data, only some portion 
of the data, could be used to measure the GHG emissions. That is to say, developers and practitioners 
must understand the enormous datasets to find appropriate and useful data before performing further 
calculations and analyses. It was further validated by participant 04 that “there will be big datasets 
with different sources of data in order to get everything running (in the cloud) with good performance.”  

The lack of published data from cloud suppliers was one essential technical obstacle in this research 
field. Cloud suppliers are not used to receiving such data requirements from customers to calculate 
the GHG emissions caused by using cloud services. Participant 04 mentioned that “the (actual) CPU 
utilization (of data centers) data is not provided by the central data. It’s not on that detailed level.” 
During the interviews, the low transparency factor was confirmed as well. Several reasons for this 
factor were also identified, including the pressing competitive market among cloud providers and no 
requirements by law. Even though several cloud suppliers, such as AWS, Microsoft Azure, and Google 
Cloud, achieve to provide different tools or dashboards to measure the cloud GHG emissions for 
customers, “but the cloud providers are not transparent in how they are actually doing the 
calculations,” noted by participant 04. It is the same groups that provide cloud services as well as 
measure cloud GHG emissions.  This correlated again with the data integrity and trustworthiness 
factor in the output emission results.  

The third sub-theme summarized was the age of data. It was mentioned twice by participants 06 and 
07, the Product Owner from the AVs team and Technical Manager from the R&D team. Unlike 
participants (02, 03, and 04) from the Green IT team, these two participants did not have the work 
tasks to measure and visualize the cloud GHG emissions. However, they (participants 06 and 07) were 
still curious about the overall emission results. Thus, somehow, they notified a broader issue instead 
of focusing on the comprehensive calculation details: the unstable technological development 
environment from the newly emerged technology fields, AVs and smart transport systems. This 
unstable environment has a significant impact on the results of cloud GHG emissions. Participant 06 
mentioned that “we have just a couple of customers today and test development”, and participant 07 
was further concerned that “it is hard to understand how far this is from the real operation.”  

4.2.3. Measurement methodologies 

After revealing the system boundaries for assessment and data quality and collection methods 
challenges, the following primary challenge, namely measurement methodologies emerged. This 
challenge was one of the most common notions among all interviewees, whether they held managerial 
positions or worked as software engineers. In other words, this challenge was mentioned frequently 
by most of the participants (five out of seven) during interviews and contained three sub-themes: i) 
lack of methodologies, ii) measurement scenarios, and iii) assumptions for measurement. The 
overview of the three sub-themes and all the codes are listed in Table 5.  

 

 

 

 

 

 

 

  



25 

Table 5. “Measurement methodologies” theme and its sub-themes and codes. 

Codes Frequency Sub-themes Theme Frequency 

Limited source of 
methodology 1 

Lack of 
methodologies 

Measurement 
methodologies 5 

Methodology adjustment 1 

Methodology regulatory 1 

Emissions on vehicle level 2 Measurement 
scenarios 

Assumptions by 
practitioners 1 

Assumptions for 
measurement Choice of electricity mix 2 

Real data 1 

When discussing the measurement methodologies, the topic often shifted to the lack of methodologies 
as this was one of the primary concerns the practitioners suffer from. Interviewee 05 remarked on a 
limited source of methodology issue. He stated that the CCF methodology is “the only open source 
that we know, and it’s actually also the only multi-cloud solution as well.” There are currently no 
standardized methodologies to calculate cloud GHG emissions. Therefore, the definition of assessing 
system boundaries and the choice of source data collection have been deemed the most influential 
decisions towards the GHG inventory results. Interviewee 04 put it as “even if you are 100% sure that 
we are interpreting and reading data correctly today, events or another cloud provider could add 
another service tomorrow as part of their portfolio, and then we do not really know how that affects 
the source data. Are we adjusting our methodologies and taking care of that?”. It included another 
code, methodology adjustment, which signified the hidden problem behind the problem: lack of 
methodologies. Practitioners and developers should not be manipulated by the cloud suppliers and 
their limited published data and adjust the methodologies and calculation steps from time to time only 
because of the updates on the cloud services. This theme, measurement methodologies, has a 
synergistic relationship with the first two themes, assessing system boundaries and data quality and 
collection methods challenges as a result of the methodologies could impact the system boundaries 
and data collections.  

Another code emerged when interviewee 05 suggested that the best way to conduct the calculation 
was to align with other independent methodologies and wait for the methodology regulatory. Still, it 
is related to the need for standardizations of the methodologies.  

The second sub-theme was the measurement scenarios. There are currently no universal and standard 
ways to measure cloud GHG emissions, and this concern became even more severe under the AV team 
set up. Participants 06 and 07 disclosed the emissions problem on different levels. Here, I coded this 
issue as emissions on vehicle level. Choosing the appropriate and understandable metric or unit of 
emission assessment has always been highlighted in the case company. In general, the emissions on 
the vehicle level and distance level are selected and investigated during the regular emission 
assessments. However, this is an underlying issue for AV set up due to its unique systems settings. 
Interviewee 06 mentioned, “I do not think it is super easy to break down emissions on the vehicle level, 
and we already used to calculate emissions on the vehicle level. So, I think that maybe we need to find 
another level of calculating the emissions, but I’m not sure what that level is.” It echoes what 
interviewee 07 said, “and then how is the relationship between the numbers of vehicles you served 
(and the total emissions you calculated).” After learning about the operating systems and relations 
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between those systems under the AV team, it was found that the cloud-based R&D of AVs systems do 
not support figuring out how many actual or simulated vehicles are running at one specific moment. 
In other words, the amount of cloud GHG emissions could not be allocated to the average vehicle 
level, which brought additional difficulties for this research topic.  

Last but not least, the assumptions for measurements issue was the third sub-theme and was 
mentioned by two software developers from the Green IT team. Participant 03 indicated that there 
were plenty of assumptions (made) by practitioners. For example, an essential one he mentioned was 
that “we are assuming that some services are far more significant in terms of the impact than other 
services, so it’s almost not worth doing a calculation for some things because it’s so insignificant.” 
Encountering the lack of measurement methodologies, the green IT developers and practitioners 
compromised to make some assumptions based on their real-world experience in this industry. This 
reasonable-assumption-based compromise may bring some potential risks regarding the accuracy of 
the findings; however, it was one of the only doable and advanced ways to achieve some initial data.  

The choice of electricity mix was another code under the measurement assumptions category. To 
know the GHG emissions by electricity consumption of cloud infrastructure, such as data centers, one 
needs to have the electricity carbon intensity or emission factor of electricity. Then the GHG impact 
could be calculated by using the formula below: 

𝐺𝐻𝐺 𝐼𝑚𝑝𝑎𝑐𝑡 (kg CO2e) = 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝐷𝑎𝑡𝑎 (unit) × 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 (kg CO2e) / unit 

The electricity emission factors vary from regions and periods due to different regional grids generated 
from different kinds of power plants with varying percentages of clean and renewable energy. 
Moreover, the GHG Protocol (2017) defines two methods for determining emission factors: location-
based and market-based methods. Stating which method is being used is essential and revealing reports 
using both location-based and market-based methods is recommended. However, many companies 
decide to only use the market-based emission factor, which could report much more appropriate results 
regarding the overall lower GHG emissions. Participants 02 and 03 mentioned that the choice of 
electricity mix mattered in the cloud GHG emission calculation. “I believe that this (the electricity 
mix) is the main topic initially.” said interviewee 02. At the same time, interviewee 03 questioned that 
“there are so many different ways to measure this intensity, and which one is the best? Do you look at 
the global average of carbon intensity? Is that good enough?” 

What is more, interviewee 02 indicated the real data concern as well. Interviewee 02 mentioned that 
“there are a lot of estimations to do, and there are things that we have difficulties in getting the real 
numbers.” Several causes of the difficulties in collecting real data could be identified which reflected 
the sub-themes discussed above, including assumptions for measurements, transparency and data 
availability. 

4.2.4. Calculation process 

The calculation process was another significant theme, and three interviewees mentioned this 
challenge and some related issues. Three different codes were summarized from these issues, namely 
low understanding in the industry, input data interpretation, and difficult to calculate by user. The 
sub-theme: lack of knowledge among practitioners, was summarized afterward. The calculation 
process theme, sub-theme, codes, and the frequencies mentioned by interviewees can be found in 
Table 6 below.   
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Table 6. “Calculation process” theme and its sub-theme and codes. 

Codes Frequency Sub-theme Theme Frequency 

Low understanding in the 
industry 1 

Lack of 
knowledge 

among 
practitioners 

Calculation 
process 3 Input data interpretation 1 

Difficult to calculate by user 1 

There was limited understanding and practices regarding the cloud emissions, whether within or 
outside the case company Scania. Interviewee 02 specified why they started the Green IT initiative (to 
provide a tool to calculate and visualize the cloud GHG emissions): “And then here is where this 
initiative starts. So, what about IT? When we asked people around Scania, nobody could give us an 
answer. How much IT was contributing to the carbon (or GHG) emissions? So, we said, why is that? 
Or are we alone not understanding? Let’s figure out if other companies can tell us how much IT is 
costing the environment. We saw that nobody knows how much IT is costing.” 

The above transcriptions had been coded as low understanding in the industry. The limited insights 
into the climate impact of cloud and data centers were also implied during the research. During the 
initial investigations of the AV team and their cloud configurations, plenty of people were found 
surprised when asked about the GHG emissions from the cloud usage of the heavy-duty commercial 
AV team. After bringing up this topic, they showed significant interest in knowing more and the great 
need to understand cloud GHG emissions. Without these discussions on the topic of the cloud emission, 
the low understanding in the industry was still existing as one of the difficulties of further investigating 
this topic.  

Moreover, another two issues emerged during the interviews: input data interpretation and the fact 
that cloud emissions were difficult to calculate by user. The input data interpretation issue was 
emphasized by interviewee 04. Assuming that even if the practitioners could get the appropriate data 
source from cloud providers and the calculation model was correct, “how can we ensure that we are 
actually reading the data in a correct way?” said interviewee 04. There were neither guidelines nor 
standardizations that could be checked in interpreting the input data, which increased the complexities 
of the measurement and risks the output data integrity. Another code was difficult to calculate by user. 
It was stressed by interviewee 01, who wanted to understand the cloud GHG emissions from his 
department but was stuck by the complex calculation: “I see that as a complex thing to estimate by 
myself, because it’s like a manual operation, not something automated to do.”  

4.2.5. Validation process 

The validation process after the calculation could improve the exactness and reliability of the output 
data. The evidence showed that there was a lack of scientific validation processes. Three codes 
emerged during the interviews, including exactness of results, methodology validation, and lack of 
validated models, which could be found together with their frequencies in the Table 7 below. 
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Table 7. “Validation process” theme and its sub-theme and codes. 

Codes Frequency Sub-theme Theme Frequency 

Exactness of results 1 
Lack of 

scientific 
validation 
processes 

Validation 
process 2 Methodology validation 1 

Lack of validated models 1 

The exactness of results was highlighted by interviewee 02 as one concern. Namely “the exactness of 
the results is something (that) only exists in utopia. Maybe you are never going to be able to reach the 
exact numbers of calculation. There will always be assumptions somewhere. Then I think we should 
strive for good enough.” The exactness of results issue occurred due to many factors (sub-themes) 
stated above, including assumptions for measurements, lack of knowledge among practitioners, 
etc. Interviewees 02 and 04 mentioned two other issues as well: methodology validation, and lack of 
validated models. There was currently no sound validation process regarding the methodology and the 
models in this research field. Therefore, cloud GHG emission practitioners may have the challenge to 
ensure the exactness of results, the first code mentioned previously.  

4.2.6. Other aspects 

There were also some other themes found in terms of adding the challenges of assessing the cloud 
GHG emissions in this study. Four sub-themes were associated with the following categories: limited 
coverage of impact, lack of industry demand, lack of understanding among the public, and less 
focus on cloud IT emissions. The code(s) of each sub-theme can be found in the Table 8. 

Table 8. “Other aspects” theme and its sub-themes and codes. 

Codes Frequency Sub-themes Theme Frequency 

Positive GHG emission impacts 1 Limited coverage 
of impact 

Other aspects 4 

GHG emissions 
standardizations 1 Lack of industry 

demand 
Negligible for private user and 

public 1 
Lack of 

understanding 
among the public 

Cultural challenge 1 

Awareness 1 

Emissions from tangible 
products 1 Less focus on 

cloud service 
emissions Other cloud service factors 1 

Firstly, the positive GHG emission impacts code was recapped regarding the limited coverage of 
impact sub-theme. Interviewee 02 highlighted the systematic thinking of the big picture: “that’s 
maybe something hard to estimate how big the impact is from one application. Is it mostly negative or 
positive? Because it’s not only connected to one application.” One example listed by him was the 
appliance of the online meeting software. 
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On the one hand, people using the online platform to have virtual meetings, turn on the audio or camera, 
message each other on the chatbox, raise hands, and use additional functions could always increase 
the environmental impact of digital technologies. Some research concludes that intensive use is now 
coming from online video. Being stored in data centers and transferred via networks, the videos then 
come to the final terminals of end-users. All these processes require electricity and generating 
electricity consumes resources and emits GHG (The Shift Project, 2019). From this perspective, virtual 
meetings seem to have many adverse environmental impacts. 

On the other hand, not choosing digital technologies is no longer a variable option in the 21st century 
(The Shift Project, 2019). Besides, it can reduce the GHG emissions produced by other alternatives, 
such as staff commuting and hosting the meetings on site. It is difficult and problematic to say how 
much climate impact is caused due to the use of the cloud, regardless of the electricity and emissions 
it saves. This is always the case that people only care about how much cloud GHG emissions are 
increasing, not reviewing the overall system with all relevant implications. 

Secondly, the lack of industry demand with its code GHG emissions standardization emerged as 
another factor challenging cloud emission assessment. This code echoes the lack of published data 
issue above. Interviewee 05 mentioned that “I think there’s a lack of standardization of reporting for 
different technology providers, especially if data centers and cloud providers, they’re not a part of 
the agreement on that, so they don’t have to report their emissions.” In other words, there is currently 
no mandatory demand for low carbon emissions, as in the fossil fuel industry, for the cloud service 
industry. This gap allows cloud providers and users to focus on improving data performance and 
security rather than environmental improvement. 

Thirdly, besides the industry aspect, there was also the lack of understanding among the public. 
Three codes emerged: negligible for private user and public, cultural change, and awareness. 

Interviewee 06 implied that “for a private user, it is kind of invisible to see this kind of energy 
consumption (or GHG emissions). But if this is your work and this is something you are developing, 
then it’s easier to grasp the big picture.” This perspective revealed that understanding the cloud GHG 
emissions requires some basic knowledge, including how the cloud system works, the relationship 
between energy consumption and GHG emissions, etc. While as a general private user, one usually 
would not consider the GHG emissions during daily cloud use. For instance, few people would 
consider the GHG emissions associated with uploading pictures into the cloud. Few people would 
delete documents because of the increased emissions caused by storages in the cloud. On the contrary, 
people will increasingly choose this service because of the convenience and unlimited capacity of 
cloud service. The practitioners whose work is closely related to cloud and cloud GHG emission would 
pay attention to this field. In sum, it showed that cloud GHG emissions are currently considered 
negligible for private users and public. 

Two other obstacles would emerge when we bring the cloud GHG emission topic to people who never 
think about it. Interviewee 02 signified that “why are we not doing it already? It is a cultural 
challenge.” “And another challenge is awareness. I mean, the world is becoming aware. So, I think it 
will be easier in the future.” The cultural challenge and the awareness issues directly impact the 
inclusive journey to assess cloud GHG emissions. People act on what they believe. With little 
persuasion and trustworthiness, the lack of understanding among the public will always impede the 
assessment process. 

Lastly, the less focus on cloud service emissions sub-theme emerged, which contains two codes: 
emissions from tangible products, and other cloud service factors. It is always the case that discussing 
tangible products is much more understandable to the audience. The same circumstance occurred in 
the cloud GHG emission research versus Scania’s tangible products, heavy-duty vehicles. Interviewee 
07 mentioned that during the life cycle assessment, “if you have other products like the steel bracket, 
the most impact comes from the actual raw material.” However, for the marginal devices or services 
with less solid research and information, such as electronics or the cloud service, Scania was not the 
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professional expert with the same granularity regarding material composition. “Scania never talked 
about the IT part and its impact in the entire chain.” Was commented by interviewee 02. 

What is more, evaluating the cloud service, its GHG emissions were not always the first initial topic. 
Instead, there are other cloud service factors to review, such as the factors mentioned earlier: 
performance and security. It was further validated by interviewee 02 that “(there are) performance 
and a lot of other factors (that) can be united to consider and optimize them all. And while the 
environment (impact) is just one part of the entire code.” “And then, of course, since you’re doing IT 
then you need to think of security.” 

4.3. Possible recommendations to reduce cloud GHG impacts  

The thematic analysis was also conducted to find possible recommendations to reduce GHG impacts 
from cloud service. Based on the same interview transcription documents, five themes emerged as the 
possible recommendations, together with 21 codes. These five themes are named as i) efficient and 
user-friendly cloud GHG emission visualization and measurement tool; ii) better promotional 
schemes for awareness and user engagement; iii) investigations on both top-down and bottom-
up approaches; iv) optimization through usage demand shaping; and v) optimization of the 
infrastructure services. The following parts describe the empiric findings relating to each theme in 
the form of the codes summarized: 

4.3.1. Efficient and user-friendly cloud GHG emission visualization and 

measurement tool 

Efficient and user-friendly cloud GHG emission visualization and measurement tool was the first 
significant recommendation to reduce cloud GHG emissions. All the seven interviewees validated this 
theme, although some differences occurred during the codes summarizing processes. Before taking 
any actions to reduce GHG emissions, the essential step was to understand how much of the emissions 
emitted as a result of the cloud usage. In other words, it was recommended to determine the initial 
baseline of cloud GHG emissions. A consensus was found among the interviewees that a cloud GHG 
emission visualization and measurement tool would be the most appropriate and initial method.  

From Table 9, it was found that among all the perspectives, five interviewees signified the importance 
of having the measurement tool to know the actual GHG footprint of the cloud usage. All the following 
steps started from “if I know my CO2e”, mentioned by interviewee 05. Interviewee 07 suggested that 
“we have to look at it (cloud GHG emissions) at least once to understand this (climate footprint), and 
that’s super important.”  

Table 9. “Efficient and user-friendly cloud GHG emission visualization and measurement tool” theme and its 
codes. 

Codes Frequency Theme Frequency 

Measurement tool 5 Efficient and user-friendly 
cloud GHG emission 

visualization and 
measurement tool 

7 
Visualization and alarms 2 

As discussed in the challenges section, it was found that compared to tangible products, cloud service 
encounters the problem of invisibility which demands people’s professional comprehension. However, 
if the cloud GHG emissions could be displayed in the form of visualization and alarms, practitioners 
and other relevant private users who want to know their cloud GHG emissions could be able to be 
involved and inspired. Interviewee 04 signified the importance of visibility by saying that “I mean, 
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without visibility, you don’t know if you have a problem or not.” This was further validated by 
interviewee 04 “In general, I would say that it (visualization) is a good thing, but there needs to be 
measurements and maybe alarms to visualize that you are using the infrastructure in a good way or 
that you’re not. If you seem to misuse it, you should probably get alerted somehow.” It is one way to 
implement the “Greening with IT” concept, which can be used to address Green IT where data is an 
enabler to address sustainability from cloud IT solution. 

4.3.2. Better promotional schemes for users’ awareness and 

engagement 

One fact observed from the semi-structured interviews was the limited awareness and end-user 
engagement nowadays within the case company. A necessary step toward this situation was to initiate 
better promotional schemes for users’ awareness and engagement. As shown in Table 10 below, 
the interviews indicated that they have plenty of unique, and team-tailored initiatives and suggestions 
for reducing cloud GHG emissions.  

Table 10. “Better promotional schemes for users’ awareness and engagement” theme and its codes. 

Codes Frequency Theme Frequency 

Competition between teams 1 

Better promotional 
schemes for users’ 

awareness and 
engagement 

4 

Climate and sustainability 
education 1 

Green IT education 1 

Social change encouraging the 
sustainability values 1 

Promotion of sustainability culture 
via marketing method 1 

Compensate the climate footprint 1 

Starting from the first code, interviewee 01 suggested having a competition between teams. He also 
mentioned the possibility of including cloud GHG emissions into their team’s regular key performance 
indicators. In this scenario, the previously ignored cloud emission issue would be changed into the 
suggested working target within the organization, which could bring awareness and promote end-user 
engagement in the IT sustainability topic. Another method to boost awareness and engagement was to 
target education, including the climate and sustainability education and Green IT education. The idea 
of intensifying education was mentioned by interviewees 03 and 06. Interviewee 03 said that “I think 
it (recommendation) starts with education. I think people need to be educated in a little bit regarding 
the climate… I believe in a bit of education, and this is a very good start to help people think clearly, 
and actually they can make a difference.” Addressing the Green IT education was brought by 
interviewee 06 by saying that “the educational part… what does it mean to code green? How can we 
make inefficient code (that) could be beneficial?” People prefer to have some practical guidance and 
education on how to contribute to IT sustainability when they already have some sustainability 
enlightenment in the IT industry. 

Interviewee 03 furthermore discussed that there should be social change encouraging the 
sustainability values. “Then I think we need the space to learn to do this (green IT initiative) and 
understand that we can make the difference. I think it’s a very social aspect.” Awareness promotion 
is not the only issue that the individual company should take care of; instead, it is the society that 
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should support sustainability values and enlightenment. Other than the social aspect, another measure 
emerged as the promotion of sustainability culture via marketing method. Interviewee 05 highlighted 
the “greenwashing” concept: “greenwashing isn’t necessarily bad. It’s not ideal, of course, but it’s a 
result of awareness. It’s a result of more and more people having this sustainability culture, being 
aware of it, and that creates pressure in the market. So, companies need to react.” This required 
addressing greenwashing as a symptom of growing awareness, and most importantly, it opened a 
broader perspective for industry and markets to promote sustainability culture to gain substantial 
results in sustainability IT. 

Lastly, another practical method was put forward and coded as compensate the climate footprint. After 
determining the quantity of the CO2e of the cloud usage, one should be aware of ways to compensate 
for those negative environmental impacts. Interviewee 05 took an example to embody this method: “if 
you have (emitted) one ton of CO2, then you would plant the appropriate number of trees for your 
emission(s)… Like do something, take action on the (emission) data.” In conclusion, after 
understanding cloud emissions by utilizing some reliable data and measurement tools, offsetting that 
emissions through trustworthy and effective activities was a way to promote awareness and 
continuously engage people in terms of the sustainability IT journey.  

4.3.3. Investigations on both top-down and bottom-up approaches 

The next recommendation was to have investigations on both top-down and bottom-up approaches 
towards sustainability IT to the next level. Table 11 below shows that three codes emerged during the 
interviews and thematic analysis, including i) bottom-up behavior change, ii) secured power transfer 
to employees to take actions, and iii) top-down cultural change.  

Table 11. “Investigations on both top-down and bottom-up approaches” theme and its codes. 

Codes Frequency Theme Frequency 

Bottom-up behavior change 3 
Investigations on 

both top-down and 
bottom-up 
approaches 

4 Secured power transfer to 
employees to take actions 2 

Top-down cultural change 3 

A necessary step to decrease cloud GHG emissions was to investigate the possible approaches within 
the organization. A consensus was found among the interviewees that both the bottom-up and top-
down methods to validate each other would be the most efficient. 

On the one hand, interviewees suggested having the bottom-up behavior change to reach the target of 
reducing cloud GHG emissions. To change the behavior from the bottom-up means changing the 
developers’ cloud-related daily practice. People should first be aware of the climate change and 
sustainability issues of cloud usage and then utilize the measurement and visualization tool. This was 
further validated by interviewee 02, saying that “I suppose they will start working on improving the 
climate footprint of their own.” 

Other than the awareness and tools, the secured power transfer to employees to take actions should 
also be highlighted. Interviewee 02 believed that “we have a lot of experts in Scania… and the next 
steps to take should be found out by the experts.” The secured power transfer was furthermore 
validated by interviewee 03 “I think we are getting into making sure that the workplace is a good 
place where respect for teams and individuals are treated with them. High importance or what I mean 
by that is if it’s a company where people perhaps get burnt out, or they’re under pressure, then they’re 
never going to be able to do their job properly.” Being under an inclusive working environment that 



33 

encouraging and supporting the initiatives to reach sustainability, together with the secured power to 
change, employees were more willing to have bottom-up behavior changes.  

On the other hand, top-down cultural change should also be valued. It was further validated by 
interviewees 02 and 03 that it was the cultural change from top-down. They suggested reaching the 
top management level and engaging them to set goals, for example, achieving green IT ambitions and 
letting them push the decarbonization process. Besides, the top-down approach also worked 
powerfully for the culture spreading. Interviewee 05 mentioned that “the key performance indicator 
would be the most closely aligned (method), (to understand) how do I make my employees more aware 
about sustainability?” 

Furthermore, it was further explored by interviewee 04 that “I believe we would make a cultural 
change. Spread this knowledge outside the company and think about making IT environmentally 
efficient, question in consideration when designing new systems and improving existing and so on…” 
To sum up, cultural spreading should not always be limited to individual companies. Instead, the whole 
industry and society should hear the voice and action together.  

4.3.4. Optimization through usage demand shaping 

We discussed the previous recommendations from the company perspective, while the next one 
considered the cloud GHG emission reduction from the end-users’ perspective. It was suggested by 
three interviewees and was named the optimization through usage demand shaping, which included 
three codes: i) estimate the end-user requirement; ii) minimize and optimize the end usage, and iii) 
event driven architecture. Together with their frequencies, they can be found in Table 12. 

Table 12. “Optimization through usage demand shaping” theme and its codes. 

Codes Frequency Theme Frequency 

Estimate the end-user requirement 1 
Optimization 
through usage 

demand 
shaping 

3 Minimize and optimize the end usage 2 

Event driven architecture 1 

It was suggested to start by estimating the end-user requirement. Interviewee 01 advocated that “first 
is to estimate what we need as an end-user requirement. We could ask the end-user to use the service 
at a particular amount of time so that the service is up and running for that particular amount of time.” 
Results from the interviews indicated the truth people always ignore: the amount of cloud GHG 
emission depended on the quantity of cloud usage by end-users. However, end-users did not stop to 
thinking about the question: was the current massive use necessary? Even though the cloud service is 
feasible enough to utilize at a reasonable price, regardless of the location and time, one should always 
consider the actual amount of cloud usage needed and optimize the use. In this way, end-users can run 
the cloud services at a particular time and save electricity from data centers for the remaining period, 
which could be recognized as sustainable. 

Secondly, after realizing the amount of end-user usage requirement, one can take actions to minimize 
and optimize the end usage. “The most sustainable (cloud) infrastructure is the infrastructure that we 
don’t need. And it might seem silly, but it’s true as well because we see that a lot of teams are wasting 
infrastructure. So do we really need to use this infrastructure?” It was commented by the interviewee 
04 and addressed by the interviewee 01 by saying that “we could see how we can minimize our end to 
consume these resources” and make a “reduction of the unnecessary running time (of the cloud 
service).” As a result of both the feasibility and invisibility of cloud service compared to the on-prem 
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data centers, one can always run the cloud service 24X7 but disregard the actual electricity 
consumption and GHG emission. One practical method provided by interviewee 01 was to “instead of 
running the services 24X7, we could run the services during office time. So, we can bring down the 
other service which is not needed.”  

Another practical solution was to design event driven architecture. This technical solution was 
suggested by interviewee 03 (the Green IT developer). According to cloud provider AWS (n.d.c), the 
event-driven architecture is the one that uses events to trigger and communicate between decoupled 
services and is common in modern applications built with microservices. Alignment with the 
sustainable architecture methods helps mitigate the cloud climate impact. 

4.3.5. Optimization of the infrastructure services 

The last important recommendation was to take action on the infrastructure services provided by cloud 
suppliers. Table 13 shows that the theme optimization of infrastructure services contains two codes: 
i) select location with lower electricity intensity; and ii) periodically check the infrastructure. 

Table 13. “Optimization of the infrastructure services” theme and its codes. 

Codes Frequency Theme Frequency 

Select location with lower electricity intensity 2 Optimization of the 
infrastructure 

services 
4 

Periodically check the infrastructure 1 

With the fact that the global cloud emissions are now higher than the aviation industry (Monserrate, 
2022), a necessary step to reduce cloud GHG emissions was to address the actions from the 
infrastructure services. Firstly, infrastructure services of data centers could select location with lower 
electricity intensity. Electricity intensity significantly impacts cloud GHG emission. It was validated 
by interviewee 04, who as the Green IT practitioner, that “I think the region of data centers could have 
a major impact, and it’s a tremendous factor in the work that we have done so far.” He suggested that 
cloud infrastructure in regions with greener electricity grids would be a better and more efficient way 
to combat cloud GHG emissions. For instance, some of the on-prem data centers employed by Scania 
are located at the headquarter in Södertälje, Sweden. Sweden has a cleaner electricity production 
compared to many other countries in the EU (Moro & Lonza, 2018), which could reduce the GHG 
emissions caused by the electricity consumed by data center infrastructures.  

Periodically checking the infrastructure was the next suggestion mentioned by interviewee 01. 
“Periodically look into the infrastructure owned in the data centers and delete the one which we don’t 
use. Or decommission the one which is old.” That is to say, it was essential to periodically check the 
infrastructure to ensure its high efficiency and good performance.  
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5. Discussion 
This chapter interprets the findings described in the Results chapter and discusses the empirical 
findings together with prior literature. The discussion starts with an overview of the research purpose 
and is then structured based on the answers addressing the three research questions. 

5.1. Overview of the research purpose 

The purpose of this study was to investigate the possibilities and challenges in terms of assessment of 
the GHG emissions related to heavy-duty commercial AV technology, i.e., the cloud services solutions. 
Additionally, this study aimed to explore possible recommendations to reduce the cloud emission 
impact of advanced cloud IT solutions. As a result of limited prior research on this topic, a research 
approach that combined the scoping literature review and qualitative semi-structured interviews was 
decided. Bryman (2016) recognizes that this type of unstructured research approach is beneficial for 
retaining and understanding as many contextual insights as possible. The scoping literature review 
was used to collect secondary data source to find the existing solutions to calculate the GHG emissions 
caused by cloud services and identify the limitations of the solutions. While the primary information 
gained during the semi-structured interviews, functioned as the input for addressing the cloud GHG 
emission assessment challenges and possible recommendations to reduce the emissions. Through the 
combined two research methods, i) several existing solutions on cloud GHG emission calculation and 
their limitations were discovered, ii) six challenges coded as themes were identified, and iii) five 
recommendations were summarized. 

Thus, the following discussion chapter is divided into three main sections: i) existing solutions for 
cloud GHG emission calculation, ii)assessment challenges, and iii) possible recommendations to 
reduce cloud GHG emissions. These three sections address the three research questions accordingly. 

5.2. Existing solutions for cloud GHG emission calculation 

The findings revealed a huge, recognized gap from both academia and industry on the cloud GHG 
emission topic. The discovered research only functioned for some specific study cases with inadequate 
reliability. Understanding the interactions between the cloud services used by heavy-duty commercial 
AVs and these GHG impacts was a new and challenging interdisciplinary research topic. Research 
institutions and academia might find it challenging to analyze sustainability in these technical domains. 
There was an insufficient cohesive effort to reconcile the challenges and discover best practices and 
methodologies. Instead, some researchers decided to explore modeling only works for some study 
cases, which risked the cloud GHG emissions falling into the trap of lacking emphasis on empirical 
and practical significance.  

While people should also pay attention to the problems occurring from the existing solutions from the 
industry. Regarding the current solutions provided by cloud service providers, the three commercial 
cloud giants (Amazon, Google, and Microsoft) stated that they could provide sound and intuitive tools 
to measure the cloud GHG emissions for customers. However, two wicked commonalities were 
discovered along with the scoping literature review: 

Firstly, no public and detailed methodologies (such as modeling and equations) or relevant, accurate 
data for the calculation could be found and further challenged. The identified GHG emission impacts 
were still mainly based on the internal assessments carried out by cloud providers and are not described 
extensively. Consequently, the transparency of the methodologies and the input data used remained 
insufficient. Despite Google and Microsoft claiming that third parties validated their methods, and the 
accredited independence of the consultancy, this could nevertheless negatively impact the cloud GHG 
emission results’ credibility in terms of transparent and reliable perspectives among its methodologies 
and sources. 



36 

Secondly, these emission calculation tools were business-to-business, meaning that private users were 
not allowed to use those tools to understand and visualize their cloud GHG emissions. Besides, some 
tools could only be used at the tenant level which need several prerequisites, such as by using the 
admin role or some other required specific account. These prerequisites secured the data and privacy 
but somehow complicated the overall emission measurement process. The complexity of the process 
and lack of granularity level data could directly hinder the intelligence data and actions from lowering 
the GHG emissions from the cloud service sector. Scania, as a company using cloud services, could 
understand its cloud GHG emissions by using these tools. While in this case, Scania could only know 
the GHG emissions for all its cloud service users, not for a particular team or a user in a particular day 
or week. This did not benefit the subsequent strategical decision-making on reducing emissions and 
using cloud resources more efficiently. 

On the other hand, in terms of the solution provided by the third party, CCF provided its platform and 
tool to measure and visualize cloud GHG emissions. It was identified as the only open and extensive 
code sources available in the market and was further validated during the semi-structured interviews. 
Three interviewees (02, 03, and 04) mentioned CCF as one open-source project which considers the 
PUE value, the electricity carbon intensity and so on. Besides, as signified in the Results chapter, 
CCF could use actual server utilization data rather than average utilization data for data center 
infrastructures. While interviewee 04, the Green IT developer, validated that lacking the actual server 
utilization data of data centers was one of the significant challenges that practitioners were 
encountering. Although CCF might seem to provide a reliable platform, one non-negligible concern 
would occur in the actual utilization. It was the data security and privacy issue that cloud service users 
and practitioners always highlight. CCF utilized cloud users’ cloud usage reports to calculate their 
cloud emissions by adopting the CCF’s codes and the tool. Thus, the usage data and other sensitive 
information might be at risk of being exposed and used externally. It was one of the reasons why many 
enterprises using cloud services currently hesitated (or refused) to use the CCF’s open source to 
calculate cloud emissions.  

To sum up, there were plenty of concerns of the existing solutions provided by both cloud providers 
and other third-party to calculate and visualize the cloud GHG emissions. The solutions from cloud 
providers risked monopoly of the market of both being cloud products suppliers and providing 
benchmarking. Despite claiming that the third parties validated their calculation methodologies, their 
output data and reports still had the possibility to “greenwash” the market and the customers. In terms 
of the solution provided by CCF, even though they could offer a practical calculation tool with 
comprehensive codes and explanations, cloud users cannot ignore the risk of data and privacy exposure 
problems. 

I argue that significantly increased efforts are needed from academia, the research community, and 
industry to emphasize that i) the critical and correct source of input data are analyzed, and ii) the 
models and calculation methodologies are transparent and explicitly evaluated to reduce uncertainty. 

5.3. Assessment challenges 

The findings were able to indicate plenty of challenges in assessing the GHG impact caused by cloud 
service. Challenges were coded as six themes: i) assessing system boundaries, ii) data quality and 
collection methods, iii) measurement methodologies, iv) calculation process, v) validation process, 
and vi) other aspects. These themes somehow identified internal correlations and patterns within the 
challenges: all the challenges and difficulties of GHG impact assessment existed in the different 
measurement processes throughout the whole calculation.  
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Fig. 6. Frequencies of the themes (assessment challenges) based on semi-structured interviews. (Note: 100% 
of the frequency means all the 7 interviews mentioned that theme) 

From Fig. 6, all the themes and challenges were stated by interviewees more than once (with 
frequencies higher than 14%), while the second challenge, data quality and collection methods, was 
the most frequently mentioned theme (frequency: 86%). How to collect and ensure the qualified and 
reliable source of data was the most frequent topic and one of the common concerns among 
participants. Interestingly, a prior scoping literature review indicated that the detailed necessary data 
was not actively revealed by cloud providers, such as real-time CPU utilization statistics. However, 
these essential data could directly impact the overall accuracy of the calculation results. The lack of 
the reliable data might be caused by the market’s competitive nature for cloud services suppliers and 
the danger of exposing their sensitive data. The lack of reliable data also indicated a high degree of 
opacity in the industry, which limited the research on cloud GHG emission calculation from academia 
and industry. 

A necessary step towards avoiding using the wrong or inaccurate set of data was to determine the best 
existing approach for measuring and collecting data. A consensus discovered from the semi-structured 
interviews was to improve the opacity and non-transparency among cloud service and industry. 
Therefore, it was suggested that input data should be provided by cloud service operators to the largest 
extent possible. The theoretical models and numbers might cause calculated results to deviate further 
from accurate ones due to the complexity and uncertainty of the theoretical models. Besides, one 
significant sub-theme under data quality and collection methods challenge was the age of data. The 
increased development within technology and real future operation of heavy-duty commercial AV set 
up caused the concern about the results availability. It was suggested that researchers and practitioners 
need to clarify that the measurement of cloud GHG emissions from an AV set up was conducted at 
what time and referring to what kind of data under what type of development environment, in an 
attempt to keep the research and measurement process transparent. The continuously increased 
technological improvements might need to update some previous estimations and methodologies. 
Another implication here was to focus on the theoretical methodologies and qualitative findings rather 
than the quantitative data calculated. The effective methodologies could be reused with different set 
ups regardless of the age of data, while the quantitative results may only work for one or several 
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scenarios and have limited academic and practical meanings.  

Additionally, assessing system boundaries (frequency: 57%) and measurement methodologies 
challenges (frequency: 71%) should be highlighted as well as a result of these two challenges were 
hinted by all the Green IT practitioners (interviewees 02, 03, and 04) who were investigating the cloud 
climate footprint calculation and visualization. The findings indicated the pragmatic obstacles one 
might encounter during the assessment, which echoed the previous result of current limited existing 
solutions. There was currently no standardized way of categorizing the components and scopes of 
cloud service, while the invisible nature of the cloud added to the difficulties. For those with no 
experience, it seemed like a daunting task to build a powerful measurement tool with the fact of these 
practical obstacles. 

A necessary step toward a joint agreement on a standardized set of assessing system boundaries and 
measurement methodologies was to map and compare current existing versions with high 
transparency. Researchers conducted as part of several previous articles, for instance Williams and 
Tang (2013), assessed the cloud GHG emissions in particular set ups. It was the same for this current 
research, aiming to determine the cloud GHG emission under the heavy-duty commercial AVs’ team 
set up.  

Moreover, many interviewees signified the challenge during calculation and validation processes 
(with the frequency of 71% and 29%). The environmental impact of cloud services and related 
technologies was still lacking studies, with little research and statistics devoted to investigating the 
climate impact (Billstein et al., 2021). As a consequence of lacking studies, plenty of assumptions 
were made by practitioners when conducting the calculations. Even though the assumptions were 
based on the working knowledge and experience of practitioners, they still varied and changed 
depending on each person. On the other hand, assessing GHG impact from cloud service was a 
challenging interdisciplinary topic and clearly needed great efforts from practitioners and researchers 
alike. 

Interdisciplinarity is an emerging contemporary trend (Jacobs & Frickel, 2009). People from different 
backgrounds with different disciplines may hold their own theories and methodologies. These 
differences provide insights into the relationship between practitioners and researchers. To solve the 
calculation and validation challenges, it was suggested that the conflicting values and goals among 
people and disciplines should be communicated in advance, and the flexibility and adaptability should 
be highlighted no matter for practitioners or researchers. Besides, avoiding over-focusing theory and 
methodology in calculation and validation processes should be considered. Otherwise, it would deviate 
from the purpose of the initial interdisciplinarity study and from the correct trajectory of practical 
significance, which was to achieve accurate and reliable measurement of cloud GHG emissions. 

Last but not least, other aspects of challenges were also mentioned by more than half of the 
interviewees (with a frequency of 57%). The challenges revealed were the limited coverage of impact, 
lack of industry demand, lack of understanding among the public, and less focus on cloud IT emissions. 
The limited coverage impact was identified and addressed. Some papers, including this study, focus 
on the GHG impact of cloud services. It left out other vital impacts to industry and public, such as 
impacts on sound, land, and water, etc. The interviews also signified that the use of cloud service 
could reduce the GHG impact and save energy from other alternatives, such as building on-prem data 
centers and having meetings on site. Furthermore, other challenges (lack of industry demand, lack of 
understanding among the public, and less focus on cloud IT emissions) could be concluded as 
inadequate awareness and requirements from the industry and the public. At present, people and 
industry care more about the data performance as well as security factors, leaving out the consideration 
of cloud GHG emissions.  

A necessary step to overcome these other challenges was to encourage further knowledge and 
understanding of cloud GHG emissions within industry and public. One interviewee noted that the 
industry and cloud operators might change from the “greenwashing” idea, aiming to spread knowledge 
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and inspire more discussions on this topic. More people could be engaged to change the industry 
standardization and baseline toward green and sustainable IT from time to time.   

5.4. Possible recommendations to reduce cloud GHG emission 

The findings showed multiple recommendations to be adopted to reduce cloud GHG emissions. They 
were i) efficient and user-friendly cloud GHG emission visualization and measurement tool; ii) 
better promotional schemes for user’s  awareness and engagement; iii) investigations on both 
top-down and bottom-up approaches; iv) optimization through usage demand shaping; and v)  
optimization of the infrastructure services. Together with the respective response frequency, these 
five themes or recommendations were shown in Fig. 7. These recommendations related to multiple 
actors and stakeholders inside and outside the case company. The actors included green IT and 
assessment practitioners, business units at Scania, end-users of cloud services, and cloud providers or 
data centers perspectives. The following session discusses the interpretations and implications for 
these different actors. 

 

 

Fig. 7. Frequencies of the themes (possible recommendations) based on semi-structured interviews. 

Above all, green IT and assessment practitioners were recommended to investigate and develop an 
efficient and user-friendly cloud GHG emission visualization and measurement tool. It should be 
emphasized that this recommendation was suggested by all the 7 interviewees (100% frequency), 
showing the implication of great importance. Changing from the invisible cloud product and emission 
impacts into something tangible and visual was one necessary step toward reducing cloud GHG 
emissions. Such tools could give the cloud users an intuitive visual experience of how much they were 
emitting into the atmosphere due to their cloud usage. Besides visualization, setting the desired cloud 
GHG emission target and alerting when it exceeds the target might be possible in practice during daily 
work and in fact for end-users if requested. 

The previous research showed that some cloud GHG emission assessments only focus on several 
specific circumstances or under certain set ups (Williams & Tang, 2013). The great need to investigate 
the visualization and measurement tool had a significant consequence for the practical implication that 
provides new insight into the market. Furthermore, moving data computing and storing from own on-
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prem data center facilities to cloud environments provided by third parties was a growing trend and 
business strategy for most companies. These facts indicated that an efficient and user-friendly cloud 
GHG emission visualization and measurement tool would be a landmark and had massive demand 
and likely great value on the market.  

Secondly, from the perspective of cloud services end-users, two potential recommendations emerged 
through the semi-structured interviews: better promotional schemes for users’ awareness and 
engagement (frequency: 57%) and optimization through usage demand shaping (frequency: 43%). 
The reduction of cloud GHG emissions cannot succeed without the collective efforts of the massive 
amount of cloud end-users. It was not only working for the cloud users from the heavy-duty 
commercial AV team at Scania, but also from any other external teams or organizations.  

On the one hand, it is suggested to establish better promotional schemes for users’ awareness and 
engagement. After understanding the significance of Green IT and sustainability via education and a 
series of practical measures (e.g., low emission as a key performance indicator or having competitions 
among teams), cloud users would understand that their behavior changes could systematically affect 
cloud GHG emissions and positively influence the climate. In addition, society and the market were 
suggested to encourage and value these sustainability innovations and behavior changes.  

On the other hand, optimization through usage demand shaping could also reduce emissions. “The 
most sustainable (cloud) infrastructure is the infrastructure that we don’t need,” indicated by 
interviewee 04. This opinion seemed contradictory; however, it denoted the valuable nature of 
sustainability: reducing unnecessary resource waste. Cloud end-users were recommended to 
distinguish their actual cloud usage requirements first and then shape the cloud demand to minimize 
and optimize the end usage. From the technical perspective, architecture with event driven features 
was highly recommended to optimize data usage.   

This finding revealed the importance of cloud end-users and their significant impacts on the Green IT 
journey and reducing cloud GHG emissions. Many a little makes a mickle. No matter what kind of 
tools would be innovated, it was the vast amount of individual daily users who could change the big 
picture through day-to-day practices. Changes start with their awareness and actions.  

There was also one recommendation for business units at the case company Scania: investigations on 
both top-down and bottom-up approaches (frequency: 57%). An essential part of the cloud GHG 
emissions reduction process came from the company’s business units. A consensus was found among 
the interviewees that a combination of the top-down and bottom-up approaches to ensure the reduction 
process was worth a try. Many methods could enhance top-down cultural change. For example, it 
could be achieved through education series, such as the annual Climate Day event held by Scania 
(Scania CV AB, n.d.e). These sustainability cultural events could have the concept of train-the-trainer, 
meaning spreading the culture and awareness among the top-management groups. Those groups were 
responsible for delivering the knowledge and influencing the next level of team members.   

Another approach suggested by interviewees was the bottom-up behavior change, which echoed the 
last recommendation from the perspective of cloud end-users. But the secured power transfer to 
individual employees should be the core here. Thus, it was suggested to encourage and motivate 
employees to establish resilience and flexibility to take action. Building resilience at the employee 
level could be a feasible way to enhance the foundation of the whole Green IT and emission reduction 
system. Moreover, paradigms from the employees or individual teams might facilitate other groups 
and the whole organizations. The bottom-up approach could also be interpreted as the democratic, 
decentralized power to act and behave differently.  

These findings indicated a novel insight and new perspectives on solving the problem. It signified the 
correlation between emission reduction efficiency and top-down and bottom-up approaches. Whether 
top-down or bottom-up approaches, the critical point was to cover a broader range of stakeholders to 
solve problems and challenges more efficiently. 
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The last recommendation indicated by interviewees was optimizing the infrastructure services 
starting from the data centers themselves. The data center infrastructure that offers cloud service was 
running centrally. It was critical to regularly check the condition and status of the equipment to ensure 
the most efficiency and performance. One interviewee suggested that some old data center equipment 
should be retired and replaced with new and efficient equipment consuming less electricity. However, 
replacing with the latest equipment would increase the embedded emissions of data centers. Instead, 
prolonging the lifespan of IT products would be one of the best and feasible ways to reduce GHG 
emissions from the IT sector (Atea Sustainability Focus, 2022). Rather than retiring, the alternative 
could be to find reuse and recycle possibilities of old equipment. It would be a systematic challenge 
that involves varying stakeholders in the value chain. But it had the points here to experiment with 
this alternative since it had the extraordinary power to alter the market dynamics and change the 
current schemes in terms of cloud GHG emissions.  

Another suggestion provided by interviewees was to select the locations with lower electricity 
intensity for data centers. It seemed like a feasible way to achieve emission reduction; however, the 
reality might not be as simple as thought. Since the cloud service included a complicated supply chain, 
for example, the data center infrastructure, the transmission of the data, the end usage, the overall 
cloud service emission should consider all these aspects existing on the supply chain. Interviewees 02 
and 04 mentioned that there were greater cloud GHG emissions if the end-users were on one side of 
the world far away from the data center located. When selecting a suitable location with green 
electricity, the distance of communication and data transportation should not be neglected.  

Bringing recommendations for cloud providers could broaden a new horizon of the problem. However, 
as the complexity of the supply chain and the technical challenges still exist, there was no 
straightforward choice that could be facilitated directly. Suggestions for cloud providers were to hear 
what the industry and end-users were saying, seek the possibilities, and channel these voices and views 
into the further decision making.  

5.5. Limitations and research recommendations 

One part of the expectations and innovations of this research was the attempt to provide a systematic 
overview of the existing solutions and the challenges when calculating the cloud GHG emissions and 
propose possible recommendations to reduce cloud GHG emissions. In general, the results met the 
research expectations, identified vital challenges, and offered practical recommendations. However, 
there were still some limitations in the research. These specific limitations would be acknowledged 
below to demonstrate the degree of validity of this research and support further research 
recommendations.  

First, a limited number of materials in terms of assessing the cloud GHG emissions were covered in 
the scoping literature review. This limitation was because this topic has not been investigated and 
researched so much. It again implied that there were huge knowledge gaps between existing research 
and general interest or demand in assessing cloud GHG impact. Furthermore, after revealing the 
assessment challenges, the practical assessment tools could not be identified through the semi-
structured interviews. This limitation was due to the overall research design investigating the 
qualitative assessment challenges. It was beyond the scope of this study to address the question of 
how to assess cloud GHG emissions and find the assessment and calculation tool. Besides, the 
researcher only had the background knowledge within the sustainability discipline, which resulted in 
the low possibility of inventing or suggesting new and reliable measurement tools. Moreover, in terms 
of possible recommendations, this paper did not touch upon the topic of the actual reduction effect or 
how much of the emissions could be saved by utilizing the listed recommendations. This research was 
designed initially to find the possible actions to reduce cloud emissions. Thus, it was again beyond 
the scope of this study to investigate how much emissions could be saved if the recommendations 
were adopted.  
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What is more, the interview sample was seven interviewees within the study case company, but did 
not invite any experts, practitioners, or researchers beyond to give their insights and recommendations. 
As mentioned in the Methods chapter, the seven interviewees were carefully selected and were able 
to represent the opinions of different groups and roles. Since this research decided to focus on the 
study area within a company, the interview sample could be identified as being sufficient within the 
chosen approaches. Lastly, some unanticipated obstacles emerged during the research process due to 
the lack of IT knowledge to understand technical terms and mechanisms. As mentioned above, because 
of the author’s sustainability background, the research topic and especially the questions asked during 
the semi-structured interviews could not be developed in greater depth. This research still indicated 
many vital challenges and practical implications. Therefore, the results were nonetheless valid for the 
purpose of answering the second research question (What are the challenges of assessing the GHG 
impact of cloud IT solutions from Scania’s heavy-duty commercial AVs in the use phase?). 

Based on the discussions on the assessment challenges and possible recommendation sessions, some 
research suggestions would be suggested for practical implementation and further research. Here, the 
recommendations and suggestions for further research could be indicated from the above limitations 
of this study.  

Firstly, more and extensive materials regarding cloud GHG emission calculation could be included in 
order to further understand the existing assessment solutions. And the search keywords could be 
refined to support the useful material discovery. Secondly, practical measurement tools to assess and 
visualize cloud GHG emission could be invested and highlighted in the future studies. This 
recommendation echoed the practical implications of the existing solutions sector. With the valuable 
source of accounting methodologies, practitioners and academia could do plenty of extra work. For 
example, more standards of methodologies for assessment tools could be raised to enable future 
harmonization within the field. The baseline and scope of the assessment could be transparently 
discussed to guide the future improvement on the right track. Thirdly, more research and work could 
be done to investigate the effectiveness of the emission reduction solutions. Afterward, comparative 
studies might discover the most effective and feasible solutions, which could bring added value to 
reducing cloud GHG emissions in specific cases.  

Furthermore, more groups of participants and stakeholders could be involved if researcher wants to 
investigate the existing assessment challenges via interviews or similar research methods. Researchers 
could design a valid and reliable study to ensure inclusiveness of the data collection and analysis 
without any personal interests or biases. What is more, as a consequence of the interdisciplinary nature 
of this research, technical obstacles from any of the disciplines could be solved through collective 
efforts. People might take advantage of the vast potential of interdisciplinary practice in this topic, the 
cloud GHG emission assessment, which can approach the essence of sustainable development and 
Green IT. Sustainability is a wicked problem without any panacea (Frodeman, 2011), but the 
collaboration of IT and sustainability disciplines could help researchers and practitioners have a more 
comprehensive and systematic grasp and generate new epistemic standards. Interdisciplinarity could 
possibly help to dissolve the shackles defined by the technical obstacles and complexity of 
sustainability and give full play to the expertise of each participant in this context.  

Besides the above future research suggestions, which were indicated by the limitations of this study, 
another essential blind spot was also hinted. It was found that the emission sources were not considered 
in the official environmental assessments regarding the production of the energy consumed in the 
cloud service solutions. In other words, the indirect emissions from the purchased goods and services 
were not fully covered in the corporate climate footprint reports. Companies like Scania might need 
to invest more time in understanding the total indirect GHG emissions from the upstream activities. 
However, these assessments might have fundamental strategies if companies desire to lower carbon 
emissions and align with the 2°C Paris agreement target and continue to work toward reaching the 
1.5°C target. Further suggestions for companies like Scania were to consider a more comprehensive 
view of all the emission scopes and cooperate with suppliers and academic institutions. 
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6. Conclusion 
This chapter frames the conclusion of this research. A summary of the most critical findings and future 
research directions are given. It is followed by the practical implication and theoretical significance. 

6.1. Summary 

This Master’s thesis managed to address the three research questions. Namely, i) What are the existing 
solutions to assess the GHG impact of cloud IT solutions? ii) What are the challenges of assessing the 
GHG impact of cloud IT solutions from Scania’s heavy-duty commercial AVs in the use phase? And 
iii) What are the possible recommendations to reduce the GHG impact of cloud IT solutions from 
Scania’s heavy-duty commercial AVs in the use phase? All the research questions have been dug into 
through an in-depth case study in which the primary data was collected from the semi-structured 
interviews at the case study company, and the secondary data was found by using the scoping literature 
review. 

There are broad knowledge gaps between existing empirical solutions and general interest or demands 
in assessing cloud GHG emissions. The research community and academia still cannot provide 
concrete and universal calculation methodologies or clear guidelines, and the currently available ones 
are barely reliable in certain circumstances. A similar situation happened in industry. Although cloud 
providers can present some solutions to measure and visualize the cloud GHG emissions for end 
customers, certain limitations are still there and hinder people from understanding the emissions and 
taking action to save energy and reduce cloud GHG emissions. For instance, their methodologies and 
relevant data are not transparent and cannot be challenged further, and private users are rejected to 
utilize their measurement tool. One third party (CCF) manages to provide the open platform and tool, 
but this comes with a risk of data exposure and privacy when using this tool.  

Six challenges to assessing cloud GHG emission on this heavy-duty commercial AV set up have been 
identified. The most frequent challenge mentioned during semi-structured interviews is data quality 
and collection methods. Cloud providers are suggested to support the emission assessment 
requirements and provide more information and data. Besides, the challenges of assessing system 
boundaries and measurement methodologies are hinted at by all the Green IT developers who have the 
working experience to investigate cloud GHG emissions. Mapping and comparing the currently 
existing solutions and pushing for standardizations would be the determining step toward these two 
challenges. Calculation and validation processes challenges are also fundamental in this 
interdisciplinary assessment. Practitioners and researchers are encouraged to start with better 
communication and collaboration to take the best advantage of interdisciplinarity in this topic. What 
is more, some other challenges are also defined during the thematic analysis. For example, inadequate 
awareness and requirements from the industry and public hinder the cloud GHG emission 
measurement; people usually only consider the harmful emission of cloud services but neglect the fact 
that it saves more energy and emissions compared with non-cloud services. Further communications 
in the industry and the public need be highlighted in this area if people want to succeed with 
environmental assessment.  

The recommendations to reduce cloud GHG emissions are several. The leading and most significant 
suggestion is to invest in an emission visualization and measurement tool to initiate IT sustainability 
work at cloud service. With concrete and efficient tools, people are more willing to understand their 
cloud emissions and take responsibility for reducing emissions. End-users are proposed to establish 
better promotional schemes for their awareness and engagement and optimize through the demand 
shaping. The event-driven architecture is recommended as one efficient technical solution to reduce 
unnecessary cloud resource waste. The investigations on both top-down and bottom-up approaches 
are introduced in multiple layers, including acting on the managerial level and among the developers 
since they are using cloud services. Education and behavior change are necessary to establish 
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environmental sustainability as a part of the daily tasks within the organization. Finally, cloud 
providers and data center operators could also take responsibility and optimize their infrastructure 
services by understanding the sustainability needs of the industry and the end-users. 

6.2. Practical implications and theoretical significance 

This study is conducted in cooperation with the heavy-duty commercial AV team and Green IT team 
at Scania to mainly address the assessment challenges and possible recommendations to reduce cloud 
GHG emissions. There are several practical implications in this work. It can be beneficial to any other 
company, no matter what kind of industry, as long as the cloud services take place in that company’s 
business. Companies seeking the assessment possibilities and suggestions to reduce the environmental 
impact of cloud services can benefit from the challenges and possible recommendations discovered in 
this research. Furthermore, the main finding supports and empowers the entrepreneurship in which 
people want to calculate the cloud GHG emissions and provide suggestions for users to reduce these 
emissions. The measurement and visualization tool recommendation covers all the interviewees, 
showing the great industry demand and tremendous potential in the market. Moreover, a lack of 
knowledge regarding environmental sustainability assessment for all stakeholders shows other 
potential regimes. The industry and academia need to invest in education and knowledge not only for 
the cloud users but multiple actors to ensure that everyone is aware of the emission impacts of the 
cloud services.  

This work contributes to the literature and research on the GHG impact in cloud services where there 
has not been a significant amount of relevant research before. The findings validate the challenges in 
this topic and bring new insights as well. For example, the role of cloud service emission measurement 
tools in “Greening with IT” possibilities is still lacking exploration. One result from this work shows 
people’s strong belief and willingness to use cloud service as it is viewed to represent a sustainable 
alternative compared to the on-prem infrastructure. However, this study confirms the demand for 
further sound investigations on cloud GHG emissions from such facilities.  
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9. Appendix A - Interview Guides 

The interview guides have two parts of questions, introductory questions, as well as specific questions 
oriented to different target groups. Thus, the same version of introductory questions and three 
versions of specific questions were designed according to three target groups.  

 

Introductory questions:  
1. Which department and working team do you belong to? 
2. What is your position at Scania? 
3. How would you like to describe your role as XXX? 
4. How long have you been working in this field? 
5. What is your educational background? 
6. Have you been taught about sustainability and how? 

 

 

Different specific questions are oriented to different target groups: 

A.1 Green IT developer team 

1. In what ways would you say cloud infrastructure contributes to the climate crisis? 
2. What is the vision of your green-it initiative? And what are the expected results? 
3. What kind of calculation methodology are you using? 
4. Based on your working experience, what kind of challenges occurred during the practical 

calculation process?   
a). Did you solve these challenges? How did you solve these challenges? 
b). Did you meet some challenges that are unable to be solved? Did you do some trade-
offs or compromise with these challenges?  

5. In what ways do you think the region of data centers can impact its GHG impact? 
6. What kind of cloud infrastructure do you consider as sustainability ones? 
7. If you’re a decision maker for a company using cloud service, what kind of steps will you 

take to reduce the GHG impact of using cloud service? 

 

 

A.2 AVs team 

1. To what degree do you think the IT industry contributes to the climate crisis? 
2. Have you ever considered the cloud IT solutions will consume energy and cause 

greenhouse gas impact? 
3. What is your opinion of involving sustainability ideas into the use of cloud IT solutions? 
4. Based on your real experience on developing, if you’re going to estimate the GHG 

impact, what kind of challenges do you think will occur? 
5. During the practical use of AWS cloud IT solutions, could you imagine any activities to 

be taken to reach sustainability? 
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A.3 R&D team 

1. Which areas of sustainability research have you (or your team) been involved in? 
2. Have you (or your team) researched sustainability in IT? 
a). If yes, which areas and how? 

● What kind of results did you get?  
● What is the significance of these results? 

b). If not, why didn’t you consider researching sustainability IT? 
● If the answer is “I don’t know”, then ask why? 
● (Some hints for the interviewee, such as: tangible products but invisible IT? 

different tasks for your team? etc.) 
3. Compared to your own working and researching experience in R&D, what kind of 

challenges do you think will occur when researching sustainability cloud IT?  
4. To what degree do you think Scania should involve sustainability IT in the vision of 

sustainability?  
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10. Appendix B - Consent Form 
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11. Appendix C - Themes and Codes 

In the tables below, the codes and themes individually for challenges and possible recommendations 
are presented based on the thematic analysis. 

Codes and themes as a result of data analysis for the answers of “What are the challenges of assessing the 
GHG impact of cloud IT solutions from Scania’s commercial AVs in the use phase?” 

Codes Sub-themes Themes 

Assessment scopes Scope 

Assessing system 
boundaries Invisible cloud 

Invisibility 
Intangible assessment 

Data transportation traffic and emissions 
Data collection 

methods 

Data quality and 
collection methods 

Supply chain 

Data integrity and trustworthy 

Transparency and data 
availability 

Big datasets 

Lack of published data 

Low transparency 

Unstable technological development environment Age of data 

Limited source of methodology 

Lack of methodologies 

Measurement 
methodologies 

Methodology adjustment 

Methodology regulatory 

Emissions on vehicle level Measurement 
scenarios 

Assumptions by practitioners 

Assumptions for 
measurement Choice of electricity mix 

Real data 

Input data interpretation 
Lack of knowledge 

among practitioners Calculation process 
Low understanding in the industry 
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Difficult to calculate by user 

Methodology validation 

Lack of scientific 
validation processes Validation process Exactness of results 

Lack of validated models 

Positive GHG emission impacts Limited coverage of 
impact 

Other aspects 

GHG emissions standardizations Lack of industry 
demand 

Negligible for private user and public 

Lack of understanding 
among the public Cultural challenge 

Awareness 

Emissions from tangible products 
Less focus on cloud 
service emissions 

Other cloud service factors 
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Codes and themes as a result of data analysis for the answers of “What are the possible 
recommendations to reduce the GHG impact of cloud IT solutions from Scania’s commercial AVs in 
the use phase?” 

Codes Themes 

Measurement tool Efficient and user-friendly cloud 
GHG emission visualization and 

measurement tool Visualization and alarms 

Competition between teams 

Better promotional schemes for 
users’ awareness and 

engagement 

Climate and sustainability education 

Green IT education 

Social change encouraging the sustainability values 

Promotion of sustainability culture via marketing method 

Compensate the climate footprint 

Bottom-up behavior change 

Investigations on both top-down 
and bottom-up approaches Secured power transfer to employees to take actions 

Top-down cultural change 

Estimate the end-user requirement 

Optimization through usage 
demand shaping Minimize and optimize the end usage 

Event driven architecture 

Select location with lower electricity intensity 
Optimization the infrastructure 

services by data centers 
Periodically check the infrastructure 

 

 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


