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[bookmark: _Toc172701119][bookmark: _Toc172701227]Abstract
In an age defined by swift technological progress and heightened digitalisation the ecological footprint of data centres has garnered significant attention. This dissertation employed quantitative research methods to assess and analyse the sustainability implications of data centres.  By examining key factors such as energy consumption, carbon emissions, and resource utilisation, this study aimed to provide insights into the environmental effects of data centres and propose strategies for mitigating their negative impacts. Through a comprehensive analysis of existing literature and empirical data, this research contributed to the understanding of sustainability in the digital age and offers recommendations for promoting environmentally responsible practices within the data centre industry.
According to the research, there were a number of environmental implications that organisations within the data centre industry had on the environment. Some of them included the heavy use of energy and water as well as the release of GHC gases into the atmosphere. It was established that it was not easy to quantify these effects in the short-term. However, it is important to have this discussion and implement sustainable solutions such as the use of renewable energy and power management as these implications will be felt in the long-run. The report has also highlighted challenges such as the imbalance between power efficiency and sustainability to which recommendations such as the use of energy storage and backup systems have been put forward for consideration. 
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[bookmark: _Toc172701120][bookmark: _Toc172701228][bookmark: _Hlk164616022]Chapter one: Introduction
[bookmark: _Toc172701121][bookmark: _Toc172701229]1.1 Introduction 
This is the first chapter of the report. It contains details that cover the overall introduction to the research. The section is divided into subsections such as the background of the study, the objectives that it sought to attain, the questions that guide the research as well as the rationale for conducting the whole study. 
[bookmark: _Toc172701122][bookmark: _Toc172701230]1.2 Research Background
Since the late 1980s, the data centre industry has grown from nonexistence into a global entity boasting over 7 million sites as of 2021. As noted by Stanley Arvey (2023), the digital revolution has fundamentally reshaped our lifestyles, work dynamics, and modes of communication. With the spread of digital technologies, data centres have emerged as the backbone of the modern digital infrastructure, supporting a wide range of online services and applications. These data centres, however, come with a significant environmental footprint. The exponential growth in data storage, processing, and transmission has led to soaring energy demands, increased carbon emissions, and heightened resource consumption. As concerns about climate change and environmental sustainability continue to escalate, there is a pressing need to assess and mitigate the environmental effects of data centres. As such, this study sought to examine the environmental effects that these data centres have on the environment. In order to accomplish this, various data centres in the UK such as the London-West data centre, London City data centre and the West Yorkshire data centre were used as case studies. 
[bookmark: _Toc172701123][bookmark: _Toc172701231]1.2 Research Aim and Objectives
The aim of this dissertation was to investigate the sustainability implications of data centres in the digital age, using quantitative research methods. More precisely, the study aimed to achieve the following objectives: 
1. To analyse the energy consumption patterns of data centres and assess their environmental impact.
2. To quantify the carbon emissions associated with data centre operations and evaluate their sustainability performance.
3. To examine resource utilisation metrics in data centres and identify opportunities for improving efficiency.
4. To compare sustainability initiatives and practices across different data centre facilities.
5. To provide recommendations for promoting environmentally responsible practices within the data centre industry.
Research Questions
1. How do data centres primarily affect the environment, particularly in terms of energy consumption, carbon emissions, water use, and waste generation and the long-term environmental implications of emerging technologies such as artificial intelligence, blockchain, and the Internet of Things on data centre sustainability? 
2. What sustainability measures have data centre operators taken to address environmental issues, and what obstacles do they encounter in terms of their effectiveness and challenges?
3. In what ways do sustainability practices in data centres vary among different facilities, and what factors contribute to these variations?
4. What are some of the recommendations for promoting environmentally responsible practices within the data centre industry.

These research questions aim to guide the study towards a comprehensive understanding of data centre sustainability and its environmental implications.
[bookmark: _Toc172701124][bookmark: _Toc172701232]1.3 Problem statement 
Data centres are characterised with IT equipment that are used to process and store data as well as communicate across networks. As such, they are the backbone of IT networks across the globe due to their extensive infrastructure that is used to power as well as cool the IT equipment. However, data centres have been primarily associated with high energy consumption which makes the industry one of the fastest carbon footprint emitters globally (Stanley Arvey, 2023). 
This high level of energy consumption has attracted the attention of stakeholders in the industry including its owners and operators due to a number of reasons. One of them is the cost that it attracts due to energy bills. Another is the impact that it has on the environment. As such, this research sought to find out aspects such as the energy consumption patterns of these data centres and their impact on the environment. This will ensure that there are recommendations fronted to this industry which will play the role of enhancing its sustainability practices within the environment. 
[bookmark: _Toc172701125][bookmark: _Toc172701233]1.4 Rationale of the study 
It is important for organisations within the industry to ensure that they are environmentally sustainable as this will play a crucial role towards making sure that they are conserving the environment. This will also help the organisations to grow and develop as they will be able to attract environmentally-conscious customers that are willing and able to conduct business with them (Stanley Arvey, 2023). 
This study will help the data centres in the UK with an overview of the practices that they can implement to ensure that they are efficient in their operational processes. In addition to that, it will help them to understand the inefficiencies that are embedded within their structures. Such information can be used to come up with strategies through which they can improve on the efficiencies within their structures. 
At a personal level, carrying out this research will help me gain more insight into how a business within the data centre industry can achieve sustainability in the digital age by dealing with practices that are not environmentally-friendly. I have vested interests in this field as I look forward to pursue a career in this field. This research will build on to the knowledge that I have on the same. 
[bookmark: _Toc172701126][bookmark: _Toc172701234]1.5 Structure of the report 
The immediate chapter after the introduction is the literature review. This chapter provides an extensive analysis on the academic materials that have been previously produced on the topic that is being researched on. Next is the research methodology. Here, the processes and the procedures that were used in conducting this research have been extensively explained in this chapter of the research. Next is the presentation of the findings that have been collected during this research as well as the overall discussion of the same. Lastly, the report includes a chapter that entails the overall conclusion to the study and the recommendations that have been put forward to the organisations under study for them to be more sustainable in the future even as they go about their operational activities. 




[bookmark: _Toc172701127][bookmark: _Toc172701235]Chapter two: Literature Review
[bookmark: _Toc172701128][bookmark: _Toc172701236]2.1 Introduction 
This is the second chapter of the report and it covers various academic extracts that have been produced on the topic under study. Some of them include how data centres primarily affect the environment, particularly in terms of energy consumption, carbon emissions, water use, and waste generation and the long-term environmental implications of emerging technologies such as artificial intelligence, blockchain, and the Internet of Things  as well as the sustainability measures that data centre operators have taken to address environmental issues and the obstacles that they encounter in terms of their effectiveness and challenges. 
[bookmark: _Toc172701129][bookmark: _Toc172701237]2.2 Data centres 
Data centres play a critical role in supporting the digital economy, providing the infrastructure necessary for storing, processing, and transmitting vast amounts of data (Wilson, 2023). With the proliferation of cloud computing, big data analytics, and internet-connected devices, the demand for data centre services has surged in recent years. As a result, data centres have become increasingly complex and energy-intensive facilities, consuming massive amounts of electricity and resources. 
Data centres are mostly used by businesses, governments and other establishments such as schools for the purpose of web hosting and provision of internet, storing of the company’s information as well as ensuring that business transactions have been processed. Also, data centres can either be public or private. They are usually very reliable as they usually operate without any major failures within a set period of time. They are also available and reduce redundancy and as such, they are very helpful to organisations that rely on their output for their success. 
The rapid expansion of data centre infrastructure has raised concerns about its environmental impact. One of the primary environmental challenges associated with data centres is energy consumption. Data centres require large amounts of electricity to power servers, cooling systems, and other equipment, leading to significant carbon emissions and environmental degradation. In addition to energy consumption, data centres also contribute to water consumption, land use, and waste generation, further exacerbating their environmental footprint (Masanet et al., 2020).
In response to growing concerns about sustainability, many data centre operators have implemented various initiatives to reduce their environmental impact. These initiatives include improving energy efficiency, investing in renewable energy sources, optimising cooling systems, and adopting green building standards. Additionally, data centre operators are increasingly adopting innovative technologies and strategies to minimise resource consumption and maximise operational efficiency (Andrews et al., 2022).
[bookmark: _Toc172701130][bookmark: _Toc172701238]2.3 Environmental impacts of data centres on the environment 
Globally, it has been established that data centres use significant amounts of energy and resources in order to fuel the servers that run their operations. However, the demand for services that are provided by data centres is on the rise and as such, it is important to conduct an inquiry into how data centres use resources and how this affects the environment. 
One of the environmental impacts that is realised through the use of data centres is water consumption. The organisations in the industry consume water to enable them conduct operations such as cooling the servers to prevent overheating as well as ensuring that there is generation of electricity. In a cooling system that is used by data centres, a number of equipment are used. They include cooling towers, chillers, piping and air conditioning apparatuses. All these apparatuses employ the use of evaporative cooling systems that enable data centres to release heat into the environment while at the same time ensure that cool new air is coming in. In addition, humidifiers that are used in data centres maintain appropriate levels of humidity. This process is usually undertaken using large amounts of electricity that ensures water is vapourised (Masanet et al., 2020). For instance, Google as a company uses 170, 344 litres of water for the vaporisation process. This translates to water consumption that is used to irrigate 1 acres of land (Masanet et al., 2020). The use of large amounts of water in the operations of data centres is also enhanced by the fact that they are mostly established in drought-stricken areas. As such, there is a high possibility of them being prone to overheating; a fact which warrants a lot of water being used to avoid this from happening. Another area of contention where the data centre industry is accused of using a lot of water which impacts the environment stems from the fact that they source it from potable water sources which comprises of water utilities that can be used as drinking water. 
Data centres also have a major contribution towards the creation of electronic waste. This refers to the incorrect disposal of electrical and electronic equipment which can have a direct effect on externalities such as resource consumption as well as the release of toxic substances. This is especially the case in countries that do not have adequate e-waste management infrastructure in place as it is usually difficult to dispose them safely. Another environmental implication of improper e-waste management is that it is a major contribution to global warming. For instance, data centres employ the use of air conditioners which contribute to at least 0.5% of global energy-related emissions if they are not properly discarded away (Andrews et al., 2022). 
Data centres also have an impact on the environment through the Greenhouse Gases that they produce. The Greenhouse Gases include that carbon (II) oxide, methane and nitrous oxide. When these gases are produced, they are usually trapped in the atmosphere for years and as such, they contribute to rising global temperatures. The construction and running of data centres contributes to the accumulation of these gases due to a number of reasons. One of them is that they rely on heavy equipment such as cranes, dump trucks as well as earth movers for them to be constructed. These data centres are also constructed using cement and steel which are resource-intensive (Andrews et al., 2022). 
[bookmark: _Toc172701131][bookmark: _Toc172701239]2.4 Sustainability measures that data centre operators have taken to address environmental issues
Sustainability in the data centre industry refers to designing, building and operating them in a manner that reduces the impact that they have on the environment. As such, this is attributed to the fact that there needs to minimised consumption of energy, utilisation of renewable energy sources as well as coming up with technology that is energy-efficient. 
Energy efficient strategies 
Energy efficient strategies is one of the sustainability measure that has been implemented in the data centre industry. This helps in ensuring that there is reduction of operational costs as well as improved environmental sustainability.  As such, these strategies have been focused on coming up with innovative designs and cooling technologies that ensure there is power use effectiveness as well as reduced carbon output (Van Heddeghem, Lambert, Pickavet, 2014). 
In matters dealing with cooling systems, liquid cooling, which involves direct-to-chip cooling has been embraced and is being used more by data centres. This is due to the fact that it is more potent in cooling-related energy consumption as opposed to traditional methods that depended on air cooling. 
Data centres have also based their energy-efficient resources on coming up with design principles that have their priority on modularity. As such, they are able to optimise space and use of energy as their layout is focused on ensuring that there is maximised airflow; which helps in minimising the workload that was meant for cooling systems (Van Heddeghem, Lambert, Pickavet, 2014). 
There have also been advances made in innovating IT hardware that have registered notable impacts on energy consumption by the data centres. Operators and other stakeholders in the industry have invested in servers and storage that are more efficient and perform better owing to the fact that they have advanced power-saving modes and are regularly updated with the latest hardware that has been improved to ensure that there is less energy used to operate them. 
Renewable Energy and Power Management
The use of renewable energy resources as well as efficient power management strategies plays a key role in ensuring that data centres have minimised their carbon footprint and optimised their energy consumption at the same time when they are in operation.  
[bookmark: _Hlk172700504]One of the ways through which this has been realised by some organisations in the data centre industry is through the integration of renewable energy sources such as solar and wind to power their operations. This has been propelled by the fact that there was a need for organisations to ensure that they are not heavily reliant on fossil fuels as this degrades the environment. As such, they have realised that it is important for them to shift towards having a greener solution for their energy use (Andrews et al., 2022). 
Also, data centres have focused on the use of energy procurement and credits as a strategy to manage their use of electricity. This also provides them with an opportunity to certify various amounts of power consumption that is sourced from renewable sources of energy. As such, organisations in the data centre industry not only grow the renewable energy sector but also ensure that they contribute to the decarbonising efforts of the energy grids (Andrews et al., 2022). 
Sustainable Infrastructure and Operations
Having sustainable infrastructure embedded into the operations of data centres is crucial in that it ensures that they are able to make energy more efficient, conserve water as well as manage their resources responsibly within the supply chain. 
[bookmark: _Hlk172700520]Efficient data storage is one of the ways through which this is achieved. With respect to this, operators in the industry have turned to data deduplication and compression as this ensures that they are able to reduce their storage footprint. As such, they are able to lower their costs of operations as well as ensure that they are able to reduce their consumption of energy (Van Heddeghem, Lambert, Pickavet, 2014). 
In addition, the data centres ensure that they are able to enhance their sustainability by giving priority to suppliers that have robust Environmental, Social and Governance (ESG) policies. This enables them to have a sustainable supply chain that not only supports environmental objectives but also ensures that it is reliable and resilient. 
[bookmark: _Toc172701132][bookmark: _Toc172701240]2.5 Challenges encountered by data centres in their bid to implement environmental sustainability within their operations 
In as much as data centres have made the move towards ensuring that they are able to remain sustainable in an environmental aspect, there are a number of challenges that they encounter in their journey. 
One of them is the imbalance between power efficiency and sustainability. It is common knowledge that for a data centre to run efficiently, there needs to be a lot of electricity consumption for the servers and the devices involved to run. On the other hand, sustainability requires the use of very small amounts of electricity which will ensure that energy is being conserved. As such, when there is an imbalance in the amount of electricity that is required to run a data centre, power outages may occur. This may impede on the operations that were meant to be undertaken by the data centre (Van Heddeghem, Lambert, Pickavet, 2014). 
Also, there is a challenge in water consumption by the data centres. When they are in operation, data centres use a lot of energy which leads to the release of equally high amounts of heat. As such, there is a need for them to have energy-intensive cooling systems in order for them to prevent overheating and loss of data that is stored within their servers. With this, it is very challenging for them to reduce their consumption of water as it is required in ensuring that overheating is controlled (Wilson, 2023). 
Moreover, it is very costly for these data centres to ensure that they have done away with the old equipment that consumed a lot of energy and install new ones that are less energy-intensive. As such, it is very difficult for managements in some of the organisations to implement this as a way of enhancing environmental sustainability. In addition, it is difficult for other organisations in the industry to cover the costs that are needed for this to be implemented as they do not have the required resources available to them (Wilson, 2023). 
2.6 Research gaps
While there is a growing body of literature on data centre sustainability, several gaps remain in our understanding of the environmental effects of data centres. Firstly, existing research tends to focus on qualitative assessments of sustainability initiatives, rather than quantitative analyses of environmental performance. Secondly, there is limited research comparing sustainability practices across different data centre facilities, making it difficult to identify best practices and benchmarks for industry-wide improvements. In this regard, there is a need for more research to be undertaken on the long-term environmental implications of emerging technologies such as artificial intelligence, blockchain, and the Internet of Things, which are expected to drive further growth in data centre demand (Van Heddeghem, Lambert, Pickavet, 2014).
[bookmark: _Toc172701133][bookmark: _Toc172701241]Chapter three: Research Methodology
[bookmark: _Toc172701134][bookmark: _Toc172701242]3.1 Introduction 
Methodology refers to a research process through which paths are adopted in a bid to develop knowledge related to the research objectives. These include the research approach, philosophies and the data collection methods and strategies. As such, this section of the report entails the processes that have been followed to ensure that this research was a success. 
[bookmark: _Toc172701135][bookmark: _Toc172701243]3.2 Research philosophy 
There are four research philosophies that have been developed for the purpose of research. These include the positivism, interpretivism, realism and pragmatism philosophies. The research philosophy that guided this study is positivism, aligning with the objective of analytically assessing the environmental effects of data centres using numerical data. Positivism emphasises systematic observation and analysis to generate objective knowledge (Gorard, 2001).
[bookmark: _Toc172701136][bookmark: _Toc172701244]3.3 Research approach 
Research approach refers to the path adopted in knowledge development, which guides the path to the development of conclusions in relation to the research objectives (Gorard, 2001). There are three research approaches that have been developed over time; inductive, deductive and abductive. This research adopted the deductive approach which describes a process in knowledge development where the process progresses from general towards specific inference. As such, it was able to test the hypothesis in play which ensured that there were grounds for the formulation of concrete solutions as well as recommendations that were as a result of the research objectives being identified and fulfilled. 
[bookmark: _Toc172701137][bookmark: _Toc172701245]3.3 Research methods 
This refers to the methodological choice through which research is guided in its bid to attain its objectives (Gorard, 2001). Research methods could either be quantitative, qualitative or mixed. This study employed the use of the quantitative research method which made sure to collect quantifiable data which then led to the development of concrete recommendations and conclusions on the topic under study. 
[bookmark: _Toc172701138][bookmark: _Toc172701246]3.4 Data collection methods 
Primary data was collected for this study by issuing close-ended questionnaires to various stakeholders of the data centre industry. This is due to the fact that it is easier to code and analyse. The analysis of this data was conducted through the Excel Application and presented in the form of tables, charts and graphs. 
[bookmark: _Toc172701139][bookmark: _Toc172701247]3.5 Sample size and sampling techniques  
The study population of 20, primarily consisted of data centre operators, owners, or managers responsible for day-to-day operations and management. 
The convenience sampling technique was employed in the study which then ensured that those that were willing and able to participate were provided with a chance to do so. Making sure that there was engagement with the respondents to ascertain their availability and willingness was very crucial to the research as it ensured that ethical considerations were observed. 
[bookmark: _Toc172701140][bookmark: _Toc172701248]3.6 Ethical considerations 
Before data collection or interviews, explicit informed consent were obtained from participants, ensuring they understand the research's objectives, potential risks and benefits, and how their data will be handled to protect confidentiality. The Data protection Act of 2018 was primarily engaged in this study to ensure that there was no breach involved. This was enhanced by the use of a laptop that is password protected. Also, as mentioned earlier, consent forms were issued to the respondents to confirm their willingness to participate in the study, it was also made clear to them that they could leave at any time they wished to. Personal details were also omitted from the exercise. 
[bookmark: _Toc172701141][bookmark: _Toc172701249]3.7 Gantt’s chart 
	

	Activity
	Duration (Weeks)

	Literature Review
	3

	Define Research Questions
	1

	Data Collection
	3

	Data Analysis
	4

	Interpretation of Findings
	2

	Writing Dissertation
	4

	Revision and Editing
	2

	Finalizing Dissertation
	2

	Preparation and Submission
	2

	Total
	23








[bookmark: _Toc172701142][bookmark: _Toc172701250]Chapter four: Findings and discussion
[bookmark: _Toc172701143][bookmark: _Toc172701251]4.1 Introduction 
This chapter of the report entails the findings of the data that have been collected and the discussion of the same after an analysis has been conducted. 
[bookmark: _Toc172701144][bookmark: _Toc172701252]4.2 Preliminary results 
[bookmark: _Hlk170487308]Q1. Which of the following statements describes your gender?
	Gender description 
	Frequency 
	
	Percentage 

	Male 
	9
	
	45

	Female 
	7
	
	35

	Non-binary
	4
	
	20


Table 1: Gender distribution 

Graph 1: Gender distribution 
The responses to the gender identity of the participants point to a significant dominance of those who identify with the male gender among the customer base, with 45%. However, the distribution also point to a fairly balanced gender distribution among the company’s customers, with 35% of the sampled identifying with the female gender, while 20% identified as non-binary. 
Q2. Which of the following best describes your understanding of environmental sustainability in the data centre industry?
	Response 
	Frequency 
	Percentage 

	Elementary 
	4
	20%

	Intermediate
	7
	35%

	Advanced 
	9
	45%


Table 2: Level of understanding of environmental sustainability in the data centre industry

Graph 2: Level of understanding of environmental sustainability in the data centre industry
The researcher sought to found out whether the respondents had adequate knowledge on the topic under study. To this, the responders were asked the extent to which they understood the aspect of environmental sustainability within the data centre industry. The results showed that a significant number of them were well aware of it. This is due to the fact that the majority of them, 45% answered that they had advanced knowledge on the same, 35% of them said they had intermediate knowledge whereas 20% of them said their knowledge was elementary. 
Q3. In your individual capacity within the data centre industry, which of the following environmental impacts can you identify with as being a direct result of operating data centres? 
	Response 
	Frequency 
	Percentage 

	High usage of energy 
	8
	40%

	High consumption of water 
	7
	35%

	Improper disposal of e-waste  
	3
	15%

	Release of GHCs into the atmosphere 
	2
	10%


Table 3: Environmental impacts of data centres 


Graph 3: Environmental impacts of data centres
The respondents were asked whether they could identify with the provided environmental impacts that data centres had on the environment due to their operations. They identified with all the choices provided in their various capacities as shown above. 35% of them pointed out that there was high consumption of water within the data centres, 40% of them pointed out that there was high energy use, 15% of them noted that there was improper disposal of e-waste within the environment whereas 10% of the respondents pointed out that there was release of GHCs into the atmosphere from the data centres. 
Q4. Which of the following are some of the notable sustainability measures that seem to have been undertaken by data centres in the industry for environmental sustainability purposes? 
Table 4: Sustainability practices employed in the data centre industry 
	Response 
	Frequency 
	Percentage 

	Use of energy efficient strategies
	6
	30%

	Renewable Energy
	7
	35%

	Power  Management
	5
	25%

	Sustainable Infrastructure and Operations
	2
	10%



Graph 4: Sustainable practices employed in the data centre industry 
To the question as to whether they could identify with the range of sustainable practices that had been adopted by various organisations within the data centre industry, the responses showed that there was an improved and increased absorption of some notable practices that were geared towards sustaining the environment. This is clearly shown in the results represented above. 
Q5. What are some of the challenges that organisations in the data centre industry face in their bid to implement environmental sustainability practices within their operations? 
Table 5: Challenges encountered by data centres in their bid to implement sustainability practices in their operations 
	Response 
	Frequency 
	Percentage 

	Imbalance between sustainability and efficient power usage  
	6
	30%

	Water usage
	4
	20%

	High implementation costs 
	10
	50



Graph 5: Challenges encountered by data centres in their bid to implement sustainability practices in their operations 
The last question that the respondents were asked information on was whether they could identify some of the challenges that they encountered as they aimed to implement practices that could promote environmental sustainability. To this, half of the respondents identified with high implementation costs, 30% of them said that there was an imbalance that was noted between power efficiency and sustainability whereas the remaining pointed towards the use of water as an issue. 
[bookmark: _Toc172701145][bookmark: _Toc172701253]4.3 Discussion 
In recent times, data centres have been at the epicentre of all operations, whether business or personal around the globe; ranging from cloud computing to global communication networks. This is due to the high demand of data storage, management and processing that has been propelled by the increased number of people that are using the internet. Data centres offer the resources for these activities to be conducted as there is a need for efficiency to be attained. However, in as much as this industry has played a huge role in ensuring that there is efficiency of operations attained by people that are using the internet, it has also contributed to negative effects in the environment. It has been estimated that data centres account for 1% of the world’s consumption of energy as well as 2-4% of the total carbon emissions (McPhee, 2020). It is difficult to realise the effect that these have on the environment over a short period of time. However, they will be felt in the long-run. It is due to this that studies such as these need to be undertaken to ensure that there are strategies in place for environmental sustainability to reign within the data centre industry (McPhee, 2020). 
The data centre industry consumes a lot of water to enable it to conduct operations such as cooling the servers to prevent overheating as well as ensuring that there is generation of electricity. In a cooling system that is used by data centres, a number of equipment are used. They include cooling towers, chillers, piping and air conditioning apparatuses. All these apparatuses employ the use of evaporative cooling systems that enable data centres to release heat into the environment while at the same time ensure that cool new air is coming in (Andrews et al., 2022). Another area of contention where the data centre industry is accused of using a lot of water which impacts the environment stems from the fact that they source it from potable water sources which comprises of water utilities that can be used as drinking water. This has been clearly demonstrated by the results of the findings that have been registered above since 35% of them stated that they thought that the use of water was very high and it was affecting the environment in a negative manner (Andrews et al., 2022). 
Also, data centres have  contributed towards the creation of electronic waste. This is especially the case in countries that do not have adequate e-waste management infrastructure in place as it is usually difficult to dispose them safely. Another environmental implication of improper e-waste management is that it is a major contribution to global warming. According to the results that have been collected from the primary study, 15% of the respondents articulated this as an effect on the environment.
[bookmark: _Hlk172700482]Moreover, the results collected and analysed also pointed out that there were significant releases of Greenhouse Gases into the atmosphere by data centres. This has been compounded with the findings of the literature review which linked this to the construction and running of data centres especially since they have to rely on heavy equipment such as cranes, dump trucks as well as earth movers for them to be constructed. In addition, data centres are also constructed using cement and steel which are resource-intensive (Masanet, Shehabi, Lei, Smith, Koomey, 2020). 
However, in as much as environmental sustainability is an issue within the industry, there are some sustainability measures that have been put in place and are operational in some organisations operating in it. 
The use of energy efficient methods is one of them. This helps in ensuring that there is reduced used of fossil fuels and other large amounts of energy that lead to the depletion of natural resources. 30% of the respondents reported that they could identify with this as a strategy that has been used in various organisations that they have come into contact with. The findings of this study have also complemented the literature review which pointed out that there was increased use of energy-efficient methods in the industry such as coming up with design principles that are prioritised on modularity as well as improving their IT hardware according to the latest standards that have been introduced into the market (Masanet et al., 2020). 
Also, according to the literature review, the use of renewable energy resources as well as efficient power management strategies plays a key role in ensuring that data centres have minimised their carbon footprint and optimised their energy consumption at the same time when they are in operation.  
The integration of renewable energy sources such as solar and wind to power their operations is one of the ways through which organisations in this industry are trying to attain environmental sustainability (Wilson, 2023). This has been propelled by the fact that there was a need for organisations to ensure that they are not heavily reliant on fossil fuels as this degrades the environment. As such, they have realised that it is important for them to shift towards having a greener solution for their energy use. The research also corroborated this since 35% of the respondents identified with this. Also, data centres have focused on the use of energy procurement and credits as a strategy to manage their use of electricity. This also provides them with an opportunity to certify various amounts of power consumption that us sourced from renewable sources of energy. As such, organisations in the data centre industry not only grow the renewable energy sector but also ensure that they contribute to the decarbonising efforts of the energy grids (Wilson, 2023). 
In as much as data centres are looking to ensure that they contribute to environmental sustainability, there are a lot of challenges that they face. One of them is the imbalance between power efficiency and sustainability. It is common knowledge that for a data centre to run efficiently, there needs to be a lot of electricity consumption for the servers and the devices involved to run. On the other hand, sustainability requires the use of very small amounts of electricity which will ensure that energy is being conserved (Masanet et al., 2020). As such, when there is an imbalance in the amount of electricity that is required to run a data centre, power outages may occur. This may impede on the operations that were meant to be undertaken by the data centre. This has also been represented in the findings of the research since 30% of the respondents said that this was a challenge that they had encountered before. 
Also, there is a challenge in water consumption by the data centres. When they are in operation, data centres use a lot of energy which leads to the release of equally high amounts of heat. As such, there is a need for them to have energy-intensive cooling systems in order for them to prevent overheating and loss of data that is stored within their servers. As such, it is very challenging for them to reduce their consumption of water as it is required in ensuring that overheating is controlled (Masanet et al., 2020). 
According to the results of the research, 50% of those that participated thought that the high implementation costs associated with overhauling of the system is a big challenge to the industry.  As they aim to do away with the old equipment that consumed a lot of energy and install new ones that are less energy-intensive. As such, it is very difficult for managements in some of the organisations to implement this as a way of enhancing environmental sustainability. In addition, it is difficult for other organisations in the industry to cover the costs that are needed for this to be implemented as they do not have the required resources available to them. 









[bookmark: _Toc172701146][bookmark: _Toc172701254]Chapter five: Conclusion and Recommendations
[bookmark: _Toc172701147][bookmark: _Toc172701255]5. 1 Introduction
This part of the report entails the overall conclusion to the report and the recommendations that have been put forward to organisations within the data centre industry for their consideration towards ensuring that they have contributed to environmental sustainability.
[bookmark: _Toc172701148][bookmark: _Toc172701256]5.2 Conclusion  
This dissertation delved into the sustainability implications of data centres in today's digital age, utilising quantitative research methods. It addressed the exponential growth of the data centre industry alongside the environmental challenges it poses, particularly in energy consumption and carbon emissions. However, in as much as there are a number of negative impacts that the operations of data centres have on the environment, there are also sustainable measures that have been put in place by various organisations as a way to ensure that they are sustainable. Some of them include the use of energy efficient resources as well as ensuring that they are employing the use of renewable energy resources to avoid depletion of natural resources. It is therefore recommended that other organisations within this industry that have not fully implemented some of these sustainable practices to conduct an analysis and find out the best applications that could fit into their systems. 
[bookmark: _Toc172701149][bookmark: _Toc172701257]5.3 Recommendations 
[bookmark: _Hlk172700587][bookmark: _Hlk172700799]One of the ways through which data centres in the UK could ensure that they have become more environmentally-friendly is by adopting cooling solutions that act as alternatives to the use of water. Cooling systems in data centres are very crucial for their operations due to the high energy consumption that these machines take in to operate. In this regard, sustainable cooling solutions have to be implemented as they ensure that there is minimised use of energy as well as a maintained optimal operating temperature. For instance, the use of techniques such as hot/cold aisle containment, free cooling and liquid cooling are some of the ways through which efficient dissipation of heat can be realised. This method also ensures that there is an increased rate of water conservation (Wilson, 2023). 
Also, the data centre industry could embrace the use of energy storage and backup systems. Batteries and flywheels can be employed within the operations of data centres with the aim of optimising energy usage and reducing reliance of the grid, especially during the peak demand periods. Also, this has the benefit of ensuring that data centres have the ability to generate their own power during grid outages which ensures that operations are still ongoing. 
 Also, on the authoritative side, the government and other agencies that have been mandated to check on the operations of the data centres could ensure that they have intensified regulatory requirements in order to maintain environmental sustainability within the industry. Some of the laws that can be put in place for this to be conducted include carbon pricing mechanisms such as instilling carbon taxes and mandatory carbon emissions reporting (Wilson, 2023). 
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[bookmark: _MON_1783507946]
[bookmark: _Toc172701153][bookmark: _Toc172701261]Appendix 2: Questionnaire 
Q1. Which of the following statements describes your gender?
	Gender description 
	Frequency 
	
	Percentage 

	Male 
	
	
	

	Female 
	
	
	

	Non-binary
	
	
	


Q2. Which of the following best describes your understanding of environmental sustainability in the data centre industry?
	Response 
	Frequency 
	Percentage 

	Elementary 
	
	

	Intermediate
	
	

	Advanced 
	
	


Q3. In your individual capacity within the data centre industry, which of the following environmental impacts can you identify with as being a direct result of operating data centres? 
	Response 
	Frequency 
	Percentage 

	High usage of energy 
	
	

	High consumption of water 
	
	

	Improper disposal of e-waste  
	
	

	Release of GHCs into the atmosphere 
	
	


Q4. Which of the following are some of the notable sustainability measures that seem to have been undertaken by data centres in the industry for environmental sustainability purposes? 
Table 4: Sustainability practices employed in the data centre industry 
	Response 
	Frequency 
	Percentage 

	Use of energy efficient strategies
	
	

	Renewable Energy
	
	

	Power Management
	
	

	Sustainable Infrastructure and Operations
	
	


Q5. What are some of the challenges that organisations in the data centre industry face in their bid to implement environmental sustainability practices within their operations? 
Table 5: Challenges encountered by data centres in their bid to implement sustainability practices in their operations 
	Response 
	Frequency 
	Percentage 

	Imbalance between sustainability and efficient power usage  
	
	

	Water usage
	
	

	High implementation costs 
	
	



Appendix 3: Application for Ethical Approval 




Environmental impacts of data centres 	
High usage of energy 	High consumption of water	Improper disposal of e-waste	Release of GHCs into the atmosphere 	0.4	0.35	0.15	0.1	


Sustainable practices employed in the data centre industry 	Use of energy efficient strategies	introduction of renewable energy 	Power management 	Sustainable infrastructure and operations 	0.3	0.35	0.25	0.1	



Challenges encountered by data centres in their bid to implement sustainability practices in their operations encountered by data centres in their bid to implement sustainability practices in their operations 

Challenges encountered by data centres in their bid to implement sustainability practices in their operations encountered by data centres in their bid to implement sustainability practices in their operations 	
Imbalance between sustainability  and efficient power usage  	Water usage	High implementation costs 	0.3	0.2	0.5	


Gender distribution	Male	Female	Non-binary	0.45	0.35	0.2	



Level of understanding of environmental sustainability in the data centre industry 

Level of understanding of personalised marketing	Elementary	Intermediate	Advanced	0.2	0.35	0.45	
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APPLICATION FOR ETHICAL APPROVAL



In order for research to result in benefit and minimise risk of harm, it must be conducted ethically. A researcher may not be covered by the University’s insurance if ethical approval has not been obtained prior to commencement.



The University follows the OECD Frascati manual definition of research activity: “creative work undertaken on a systematic basis in order to increase the stock of knowledge, including knowledge of man, culture and society, and the use of this stock of knowledge to devise new applications”. As such this covers activities undertaken by members of staff, postgraduate research students, and both taught postgraduate and undergraduate students working on dissertations/projects.



The individual undertaking the research activity is known as the “principal researcher”.



Ethical approval is not required for routine audits, performance reviews, quality assurance studies, testing within normal educational requirements, and literary or artistic criticism.



Please read the notes for guidance before completing ALL sections of the form.



This form must be completed and approved prior to undertaking any research activity. Please see Checklist for details of process for different categories of application.  



SECTION A: About You (Principal Researcher)

		1

		Full Name:

		Mihail Stantchev Roussev



		2

		Tick all boxes that apply:

		Member of staff:

		☐

		Honorary research fellow:

		☐



		

		Undergraduate Student

		☒		Taught Postgraduate Student

		☐		Postgraduate Research Student

		☐





		3

		Institute/Academic Discipline/Centre:

		

University of Wels Trinity Saint David



		4

		Campus:

		

London



		5

		E-mail address:

		

2115133@student.uwtsd.ac.uk



		6

		Contact Telephone Number:

		07534428561





		

		For students:



		7

		Student Number:

		2115133



		8

		Programme of Study:

		Bachelor of Arts, Business Management 



		9

		Director of Studies/Supervisor:

		Xavier Matieni












SECTION B: Approval for Research Activity

		1

		Has the research activity received approval in principle?

(please check the Guidance Notes as to the appropriate approval process for different levels of research by different categories of individual)

		YES

		☒		NO

		☒

		

		

		Date



		2

		If Yes, please indicate source of approval (and date where known): Approval in principle must be obtained from the relevant source prior to seeking ethical approval

		Research Degrees Committee

		☐		



		

		

		Institute Research Committee

		☐		



		

		

		Other (write in)



		☐		







SECTION C:  Internal and External Ethical Guidance Materials

		

		Please list the core ethical guidance documents that have been referred to during the completion of this form (including any discipline-specific codes of research ethics, location-specific codes of research ethics, and also any specific ethical guidance relating to the proposed methodology).  Please tick to confirm that your research proposal adheres to these codes and guidelines. You may add rows to this table if needed.



		1

		UWTSD Research Ethics & Integrity Code of Practice

		☒

		2

		UWTSD Research Data Management Policy

		☒



		3

		[List any other relevant documents here]

		☐







SECTION D: External Collaborative Research Activity

If there are external collaborators then you should gain consent from the contact persons to share their personal data with the university. If there are no external collaborators then leave this section blank and continue to section E.

		1

		Institution

		





		2

		Contact person name

		





		3

		Contact person e-mail address



		



		4

		Is your research externally funded?

		YES

		☐

		NO

		☐



		5

		Are you in receipt of a KESS scholarship?

		YES

		☐

		NO

		☐



		6

		Are you specifically employed to undertake this research in either a paid or voluntary capacity?

		Voluntary

		YES

		☐

		NO

		☐



		7

		

		Employed

		YES

		☐

		NO

		☐



		8

		Is the research being undertaken within an existing UWTSD Athrofa Professional Learning Partnership (APLP)?

		If YES then the permission question below does not need to be answered.

		YES

		☐

		NO

		☐



		9

		Has permission to undertake the research has been provided by the partner organisation?

		(If YES attach copy)

If NO the application cannot continue

		YES

		☐

		NO

		☐









Where research activity is carried out in collaboration with an external organisation

		10

		Does this organisation have its own ethics approval system?

		YES

		☐

		NO

		☐



		

		

If Yes, please attach a copy of any final approval (or interim approval) from the organisation (this may be a copy of an email if appropriate).









SECTION E: Details of Research Activity

		1

		Indicative title:

		Sustainability in the Digital Age



		2

		Proposed start date:

		2 March 2024

		Proposed end date:

		10 August 2024



		

		Introduction to the Research (maximum 300 words per section)

Ensure that you write for a Non-Specialist Audience when outlining your response to the points below:

· Purpose of Research Activity

· Proposed Research Question

· Aims of Research Activity

· Objectives of Research Activity

Demonstrate, briefly, how Existing Research has informed the proposed activity and explain

· What the research activity will add to the body of knowledge 

· How it addresses an area of importance. 



		3

		Purpose of Research Activity



Examining the environmental impact of the data center industry and their sustainable practices like energy efficiency and renewable energy.



(this box should expand as you type)



		4

		Research Question



1.	How do data centres primarily affect the environment, particularly in terms of energy consumption, carbon emissions, water use, and waste generation and the long-term environmental implications of emerging technologies such as artificial intelligence, blockchain, and the Internet of Things on data centre sustainability? 

2.	What sustainability measures have data centre operators taken to address environmental issues, and what obstacles do they encounter in terms of their effectiveness and challenges?

3.	In what ways do sustainability practices in data centres vary among different facilities, and what factors contribute to these variations?

4.	What are some of the recommendations for promoting environmentally responsible practices within the data centre industry.



(this box should expand as you type)



		5

		Aims of Research Activity



This research activity aims to evaluate the environmental impact of data centres, focusing on their substantial consumption of energy, water, and other critical resources needed for server operations. It explores key areas such as resource use, environmental consequences, and sustainability efforts, as well as the challenges faced by the industry. Data centres consume large amounts of water for cooling and electricity generation, often relying on potable water sources. The study addresses these concerns by examining how operators and companies are adopting energy-efficient technologies, including the integration of renewable energy sources like solar and wind, as well as energy procurement and certification practices. By analyzing energy consumption, carbon emissions, and resource utilization, this research seeks to provide insights into the environmental impact of data centres and propose strategies to mitigate their negative effects.





(this box should expand as you type)



		6

		Objectives of Research Activity



1. Analyze energy consumption in data centers and assess environmental impact.

2. Quantify carbon emissions and evaluate sustainability performance.

3. Examine resource use and identify efficiency improvements.

4. Compare sustainability practices across data centers.

5. Recommend strategies for promoting environmental responsibility in the industry.



(this box should expand as you type)



		

		Proposed methods (maximum 600 words)

Provide a brief summary of all the methods that may be used in the research activity, making it clear what specific techniques may be used. If methods other than those listed in this section are deemed appropriate later, additional ethical approval for those methods will be needed. You do not need to justify the methods here, but should instead describe how you intend to collect the data necessary for you to complete your project.



		7

		

This research adopted a deductive approach, moving from general concepts to more specific inferences in the development of knowledge.



Primary data was gathered by distributing close-ended questionnaires to various stakeholders in the data centre industry.



A quantitative research method was employed, focusing on gathering measurable, numerical data. Through analysis of this data, the study was able to generate clear insights, leading to concrete recommendations and well-supported conclusions on the subject. This quantitative approach ensured that the findings were objective and statistically significant, providing a strong basis for addressing the research questions and enhancing the understanding of sustainability issues in data centres.



(this box should expand as you type)



		


		Location of research activity

Identify all locations where research activity will take place.



		8

		United Kingdom 



(this box should expand as you type)



		

		Research activity outside of the UK

If research activity will take place overseas, you are responsible for ensuring that local ethical considerations are complied with and that the relevant permissions are sought. Specify any local guidelines (e.g. from local professional associations/learned societies/universities) that exist and whether these involve any ethical stipulations beyond those usual in the UK (provide details of any licenses or permissions required). Also specify whether there are any specific ethical issues raised by the local context in which the research activity is taking place, for example, particular cultural and/or legal sensitivities or vulnerabilities of participants. If you live in the country where you will do the research then please state this.



		9

		





(this box should expand as you type)







		10

		Use of documentation not in the public domain: Are any documents NOT publicly available? 



		NO

		☒



		

		

		YES

		☐



		11

		If Yes, please provide details here of how you will gain access to specific documentation that is not in the public domain and that this is in accordance with the current data protection law of the country in question and that of England and Wales.







(this box should expand as you type)







		

		Does your research relate to one or more of the seven aims of the Well-being of Future Generations (Wales) Act 2015?

		

YES

		

NO



		12

		A prosperous Wales

		☐

		☒



		13

		A resilient Wales

		☐

		☒



		14

		A healthier Wales

		☐

		☒



		15

		A more equal Wales

		☐

		☒



		16

		A Wales of cohesive communities

		☐

		☒



		17

		A Wales of vibrant culture and thriving Welsh language

		☐

		☒



		18

		A globally responsible Wales

		☐

		☒



		19

		If YES to any of the above, please give details:



		

		





(this box should expand as you type)







SECTION F: Scope of Research Activity

		

		Will the research activity include:

		YES

		NO



		1

		Use of a questionnaire or similar research instrument?

		☒

		☐



		2

		Use of interviews?

		☐

		☒



		3

		Use of focus groups?

		☒

		☐



		4

		Use of participant diaries? 

		☐

		☐



		5

		Use of video or audio recording?

		☐

		☒



		6

		Use of computer-generated log files?

		☐

		☒



		7

		Participant observation with their knowledge?

		☐

		☒



		8

		Participant observation without their knowledge?

		☐

		☒



		9

		Access to personal or confidential information without the participants’ specific consent?

		☐

		☒



		10

		Administration of any questions, test stimuli, presentation that may be experienced as physically, mentally or emotionally harmful / offensive?

		☐

		☒



		11

		Performance of any acts which may cause embarrassment or affect self-esteem?

		☐

		☒



		12

		Investigation of participants involved in illegal activities?

		☐

		☒



		13

		Use of procedures that involve deception?

		☐

		☒



		14

		Administration of any substance, agent or placebo?

		☐

		☒



		15

		Working with live vertebrate animals?

		☐

		☒



		16

		Procedures that may have a negative impact on the environment?

		☐

		☒



		17

		Other primary data collection methods. Please indicate the type of data collection method(s) below.

		☐

		☒



		

		Details of any other primary data collection method:







(this box should expand as you type)

		

		





If NO to every question, then the research activity is (ethically) low risk and may be exempt from some of the following sections (please refer to Guidance Notes).



If YES to any question, then no research activity should be undertaken until full ethical approval has been obtained. 



SECTION G: Intended Participants

If there are no participants then do not complete this section, but go directly to section H.



		

		Who are the intended participants:

		

YES

		

NO



		1

		Students or staff at the University?

		☐

		☒



		2

		Adults (over the age of 18 and competent to give consent)?

		☒

		☐



		3

		Vulnerable adults?

		☐

		☒



		4

		Children and Young People under the age of 18? (Consent from Parent, Carer or Guardian will be required)

		☐

		☒



		5

		Prisoners?

		☐

		☒



		6

		Young offenders?

		☐

		☒



		7

		Those who could be considered to have a particularly dependent relationship with the investigator or a gatekeeper?

		☐

		☒



		8

		People engaged in illegal activities?

		☐

		☒



		9

		Others. Please indicate the participants below, and specifically any group who may be unable to give consent.



		☐

		☒



		

		Details of any other participant groups:







(this box should expand as you type)

		

		







		

		Participant numbers and source

Provide an estimate of the expected number of participants. How will you identify participants and how will they be recruited? 



		10

		How many participants are expected?



		20





(this box should expand as you type)



		11

		Who will the participants be?



		

Operators, owners, or managers who deal with day to-to-day activities of data centres 



(this box should expand as you type)



		12

		How will you identify the participants?

		Participants will be identified through networks such as LinkedIn and Google searches. This approach will focus on reaching individuals who are both willing and able to participate, ensuring that the selection process is practical and accessible. Efforts will be made to engage potential respondents to confirm their availability and willingness, which is essential for facilitating participation and maintaining ethical standards throughout the research. (this box should expand as you type)









		

		Information for participants:

		

YES

		NO

		

N/A



		13

		Will you describe the main research procedures to participants in advance, so that they are informed about what to expect?

		☒

		☐

		☐



		14

		Will you tell participants that their participation is voluntary?

		☒

		☐

		☐



		15

		Will you obtain written consent for participation?

		☐

		☐

		☒



		16

		Will you explain to participants that refusal to participate in the research will not affect their treatment or education (if relevant)?

		☐

		☐

		☒



		17

		If the research is observational, will you ask participants for their consent to being observed?

		☐

		☐

		☒



		18

		Will you tell participants that they may withdraw from the research at any time and for any reason?

		☐

		☐

		☒



		19

		With questionnaires, will you give participants the option of omitting questions they do not want to answer?

		☒

		☐

		☐



		20

		Will you tell participants that their data will be treated with full confidentiality and that, if published, it will not be identifiable as theirs?

		☒

		☐

		☐



		21

		Will you debrief participants at the end of their participation, in a way appropriate to the type of research undertaken?

		☐

		☐

		☒



		22

		If NO to any of above questions, please give an explanation 



		

		



(this box should expand as you type)







		

		Information for participants:

		

YES

		NO

		

N/A



		24

		Will participants be paid?

		☐

		☒

		☐



		25

		Is specialist electrical or other equipment to be used with participants?

		☐

		☐

		☒



		26

		Are there any financial or other interests to the investigator or University arising from this study?

		☐

		☐

		☒



		27

		Will the research activity involve deliberately misleading participants in any way, or the partial or full concealment of the specific study aims?

		☐

		☐

		☒



		28

		If YES to any question, please provide full details 



		

		





(this box should expand as you type)







SECTION H: Anticipated Risks



		

		
Outline any anticipated risks that may adversely affect any of the participants, the researchers and/or the University, and the steps that will be taken to address them. 



If you have completed a full risk assessment (for example as required by a laboratory, or external research collaborator) you may append that to this form.  



		1

		Full risk assessment completed and appended? 

		Yes 

		☐



		

		

		No

		☒



		2

		Risks to participants

For example: sector-specific health & safety, emotional distress, financial disclosure, physical harm, transfer of personal data, sensitive organisational information



		

		Risk to participants:



Emotional Distress: Participants may experience emotional distress when discussing sensitive topics, such as sustainability challenges or the environmental impact of data centres.. 



Disclosure of Sensitive Information: Participants, especially those in managerial roles, may inadvertently disclose sensitive organizational information related to sustainability practices or operational strategies. 



Transfer of Personal Data: The collection and transfer of personal data, such as names and professional details, could pose a privacy risk. 















(this box should expand as you type)



		How you will mitigate the risk to participants:



Emotional Distress: To mitigate this, participants will be informed that their participation is voluntary and that they can withdraw at any time without providing a reason. Additionally, questions will be designed to minimize discomfort, and support resources will be offered if needed



Disclosure of Sensitive Information: To address this risk, confidentiality agreements will be established, and participants will be assured that all data will be anonymized in the final report to protect their identities and their organizations' proprietary information.



Transfer of Personal Data: To mitigate this, all personal data will be stored securely, in accordance with data protection regulations (e.g., GDPR), and access will be restricted to the research team. Data will be anonymized and encrypted where possible to further protect participant privacy.



(this box should expand as you type)



		3

		If research activity may include sensitive, embarrassing or upsetting topics (e.g. sexual activity, drug use) or issues likely to disclose information requiring further action (e.g. criminal activity), give details of the procedures to deal with these issues, including any support/advice (e.g. helpline numbers) to be offered to participants. Note that where applicable, consent procedures should make it clear that if something potentially or actually illegal is discovered in the course of a project, it may need to be disclosed to the proper authorities



		

		

The research does not involve any information that could lead to disclosure of sensitive, upsetting, or potentially problematic topics. As a result, no special procedures are needed to address such issues.



(this box should expand as you type)



		4

		Risks to the investigator

For example: personal health & safety, physical harm, emotional distress, risk of accusation of harm/impropriety, conflict of interest



		

		Risk to the investigator:



Reputational Risk: The researcher may face reputational risks if the study’s findings are perceived as unfavorable or critical by industry stakeholders. 



Exposure to Sensitive Information: Researchers may encounter sensitive or confidential information from participants. To manage this risk, all data will be handled confidentially, and any sensitive information will be appropriately anonymized. Researchers will also adhere to ethical guidelines and university policies regarding data handling and confidentiality.

(this box should expand as you type)

		How you will mitigate the risk to the investigator:



Reputational Risk: To mitigate this, the research will be conducted with academic rigor, and findings will be presented in a balanced, evidence-based manner. Open communication with participants about the purpose of the research and the dissemination of results will also help manage expectations.



Exposure to Sensitive Information: To manage this risk, all data will be handled confidentially, and any sensitive information will be appropriately anonymized. Researchers will also adhere to ethical guidelines and university policies regarding data handling and confidentiality.



(this box should expand as you type)



		5

		University/institutional risks

For example: adverse publicity, financial loss, data protection



		

		Risk to the University:

Legal and Reputational Risk: If sensitive or confidential information is mishandled, the university could face legal challenges or reputational damage. 



Non-Compliance with Data Protection Laws: If personal data is mishandled, the university could face penalties under data protection laws (e.g., GDPR). 



(this box should expand as you type)

		How you will mitigate the risk to the University:

Legal and Reputational Risk: To address this, the university's ethical guidelines and data protection policies will be strictly followed, and all research activities will be reviewed and approved by the university's ethics committee.



Non-Compliance with Data Protection Laws: To mitigate this risk, the research team will ensure full compliance with data protection regulations, including secure storage, encryption, and anonymization of data.





(this box should expand as you type)



		6

		Environmental risks

For example: accidental spillage of pollutants, damage to local ecosystems



		

		Risk to the environment:

The research activities do not involve actions that could affect the environment.



(this box should expand as you type)

		How you will mitigate the risk to environment:







(this box should expand as you type)







		

		Disclosure and Barring Service



		

		If the research activity involves children or vulnerable adults, a Disclosure and Barring Service (DBS) certificate must be obtained before any contact with such participants.

		YES



		NO



		N/A





		7

		Does your research require you to hold a current DBS Certificate?

		☐

		☐

		☒



		8

		If YES, please give the certificate number. If the certificate number is not available please write “Pending”; in this case any ethical approval will be subject to providing the appropriate certificate number.

		







SECTION I: Feedback, Consent and Confidentiality



		1

		Feedback

What de-briefing and feedback will be provided to participants, how will this be done and when? 



		

		

Participants will receive a debriefing and feedback summary detailing the study's findings on data center sustainability. This will include key insights on energy consumption, carbon emissions, and sustainability practices. The feedback will be emailed within two weeks after data collection is completed, ensuring participants are informed of the research outcomes and the broader implications for the industry. This summary will also highlight how their contributions have helped shape the recommendations for improving sustainability in data centers.



(this box should expand as you type)



		2

		Informed consent

Describe the arrangements to inform potential participants, before providing consent, of what is involved in participating. Describe the arrangements for participants to provide full consent before data collection begins. If gaining consent in this way is inappropriate, explain how consent will be obtained and recorded in accordance with prevailing data protection legislation.



		

		

Potential participants will receive an information sheet via email explaining the study's purpose, what participation involves, and how their data will be used. They will be informed that participation is voluntary and can be withdrawn at any time.



Participants must read this information and provide their consent by replying to the email, stating that they agree to take part. This response will confirm they understand the study and agree to participate. All consent will be documented in line with data protection laws. If email consent isn't suitable, verbal consent with a recorded confirmation will be used.



(this box should expand as you type)



		3

		Confidentiality / Anonymity

Set out how anonymity of participants and confidentiality will be ensured in any outputs. If anonymity is not being offered, explain why this is the case. 



		

		

Participants' anonymity and confidentiality will be strictly maintained throughout the study. All data collected will be anonymized, meaning no identifying information (such as names or specific details that could be traced back to participants) will be included in any reports or publications. Instead, participants will be assigned unique codes or identifiers to ensure their identities remain confidential.



Additionally, all data will be securely stored on encrypted devices and accessible only to the researcher. Any information potentially revealing a participant's identity will be removed or generalized before the findings are shared.



Since anonymity is being fully offered, this policy has no exceptions.



(this box should expand as you type)







SECTION J: Data Protection and Storage



		

		Does the research activity involve personal data (as defined by the General Data Protection Regulation 2016 “GDPR” and the Data Protection Act 2018 “DPA”)?

		YES

		NO



		1

		“Personal data” means any information relating to an identified or identifiable natural person (‘data subject’). An identifiable natural person is one who can be identified, directly or indirectly, in particular by reference to an identifier such as a name, an identification number, location data, an online identifier or to one or more factors specific to the physical, physiological, genetic, mental, economic, cultural or social identity of that natural person. Any video or audio recordings of participants is considered to be personal data.

		☐

		☐X



		

		If YES, provide a description of the data and explain why this data needs to be collected:



		2

		





(this box should expand as you type)



		

		Does it involve special category data (as defined by the GDPR)?

		YES

		NO



		3

		“Special category data” means sensitive personal data consisting of information as to the data subjects’ –

(a) racial or ethnic origin,

(b) political opinions,

(c ) religious beliefs or other beliefs of a similar nature,

(d) membership of a trade union (within the meaning of the Trade Union and Labour Relations (Consolidation) Act 1992),

(e) physical or mental health or condition,

(f) sexual life,

(g) genetics,

(h) biometric data (as used for ID purposes),

		☐

		☐X



		

		If YES, describe the special category data and explain why this data needs to be collected:



		4

		



(this box should expand as you type)







		

		
Will data from the research activity (collected data, drafts of the thesis, or materials for publication) be stored in any of the following ways?

		YES

		NO



		5

		Manual files (i.e. in paper form)?

		☐

		☒



		6

		University computers?

		☐

		☒



		7

		Private company computers?

		☐

		☒



		8

		Home or other personal computers?

		☒

		☐



		9

		Laptop computers/ CDs/ Portable disk-drives/ memory sticks?

		☒

		☐



		10

		“Cloud” storage or websites?

		☒

		☐



		11

		Other – specify:



		☐

		☒



		12

		For all stored data, explain the measures in place to ensure the security of the data collected, data confidentiality, including details of backup procedures, password protection, encryption, anonymisation and pseudonymisation:



		

		

Data will be securely stored on encrypted devices with regular backups. Files will be password-protected and encrypted during transfer. Personal identifiers will be removed, and data will be anonymized or pseudonymized as needed. Access is restricted to authorized researchers, ensuring compliance with data protection laws. 



(this box should expand as you type)







		

		Data Protection



		

		Will the research activity involve any of the following activities:

		YES

		NO



		13

		Electronic transfer of data in any form?

		☒

		☐



		14

		Sharing of data with others at the University outside of the immediate research team?

		☐

		☒



		15

		Sharing of data with other organisations?

		☐

		☒



		16

		Export of data outside the UK or importing of data from outside the UK?

		☐

		☒



		17

		Use of personal addresses, postcodes, faxes, emails or telephone numbers?

		☐

		☒



		18

		Publication of data that might allow identification of individuals?

		☐

		☒



		19

		Use of data management system?

		☐

		☒



		20

		Data archiving?

		☐

		☒



		21

		If YES to any question, please provide full details, explaining how this will be conducted in accordance with the GDPR and Data Protection Act (2018) (and any international equivalents, where appropriate):



		

		

When handling and transferring data in research only the essential data needed for your study will be transferred, and always with a use of secure methods like encryption or encrypted emails to protect it. Limiting access to the data, ensuring only those who need it can view it.



The use of third-party tools like cloud storage will be secure and comply with data protection laws. 



(this box should expand as you type)



		22

		List all who will have access to the data generated by the research activity:



		

		

In a research activity, the following individuals or might have access to the data generated:

· Primary Researcher (You): Responsible for collecting, analyzing, and securely storing the data.

· Research Supervisors: Oversee the research process and may review data for accuracy and validity.

· Research Team Members: Collaborators or co-researchers who are directly involved in the project



(this box should expand as you type)



		23

		List who will have control of, and act as custodian(s) for, data generated by the research activity:



		

		The primary researcher is the main custodian of the data, overseeing its collection, storage, and management throughout the research project.



(this box should expand as you type)



		24

		Give details of data storage arrangements, including security measures in place to protect the data, where data will be stored, how long for, and in what form. Will data be archived – if so how and if not why not.  



		

		

The data will be securely stored on a GDPR-compliant platform, such as Google Drive or OneDrive, with encryption protocols in place to protect the data during both transfer and storage. Access to the data will be restricted through password protection. The data will be retained for a maximum of 6 months and will not be archived after this period.



(this box should expand as you type)



		25

		Please indicate if your data will be stored in the UWTSD Research Data Repository (see https://researchdata.uwtsd.ac.uk/ ).   If so please explain. (Most relevant to academic staff) 



		

		

The data will not be stored in the UWTSD Research Data Repository. Instead, it will be handled in accordance with GDPR guidelines and securely deleted after the necessary retention period.



(this box should expand as you type)



		26

		Confirm that you have read the UWTSD guidance on data management (see https://www.uwtsd.ac.uk/library/research-data-management/)

		YES

		☒



		27

		Confirm that you are aware that you need to keep all data until after your research has completed or the end of your funding

		YES

		☒










SECTION K: Declaration

		

		The information which I have provided is correct and complete to the best of my knowledge. I have attempted to identify any risks and issues related to the research activity and acknowledge my obligations and the rights of the participants.



In submitting this application I hereby confirm that I undertake to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice which is published on the website: https://www.uwtsd.ac.uk/research/research-ethics/ 



		1

		Signature of applicant:

		Mihail Roussev

		Date:

16/08/2024







For STUDENT Submissions:

		2

		Director of Studies/Supervisor:

		Xavier Matieni

		Date:

16/08/2024



		3

		Signature:

		



		







For STAFF Submissions:

		4

		Academic Director/ Assistant Dean:

		

		Date:



		5

		Signature:

		



		







Checklist: Please complete the checklist below to ensure that you have completed the form according to the guidelines and attached any required documentation:

		☒

		I have read the guidance notes supplied before completing the form.



		☒

		I have completed ALL RELEVANT sections of the form in full.



		☒

		I confirm that the research activity has received approval in principle



		☐

		I have attached a copy of final/interim approval from external organisation (where appropriate)



		☐

		I have attached a full risk assessment (where appropriate)  ONLY TICK IF YOU HAVE ATTACHED A FULL RISK ASSESSMENT



		☒

		I understand that it is my responsibility to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice.



		☒

		I understand that before commencing data collection all documents aimed at respondents (including information sheets, consent forms, questionnaires, interview schedules etc.) must be confirmed by the DoS/Supervisor, module tutor or Academic Director.







		RESEARCH STUDENTS AND STAFF ONLY

All communications relating to this application during its processing must be in writing and emailed to pgresearch@uwtsd.ac.uk , with the title ‘Ethical Approval’ followed by your name.

You will be informed of the outcome of your claim by email; therefore it is important that you check your University and personal email accounts regularly.



		STUDENTS ON UNDERGRADUATE OR TAUGHT MASTERS PROGRAMMES should submit this form (and receive the outcome) via systems explained to you by the supervisor/module leader.







This form is available electronically from the Academic Office web pages: https://www.uwtsd.ac.uk/academic-office/appendices-and-forms/
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