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Summary 

The rapid development of artificial intelligence and cloud computing is reshaping the 

banking sector and enabling significant improvements in operational efficiency, risk 

management, and service quality. However, despite their potential, banks continue to face 

difficulties integrating these technologies into core financial operations due to regulatory 

constraints, legacy systems, security requirements, and limited specialised expertise. While 

scientific literature highlights the benefits of AI and cloud technologies, it lacks a unified 

methodology for evaluating their integration in banking, which defines the scientific problem of 

this thesis. 
The object of the research is the qualitative evaluation of AI and cloud innovations in 

core banking operations. The aim is to develop qualitative criteria for assessing the 

effectiveness of AI and cloud adoption and to propose a model for applying these criteria. 

The study applies a qualitative research methodology. Data were collected through 

structured questionnaires completed by eight experts representing technological and 

operational banking roles. The research uses literature analysis, thematic analysis to ensure 

the consistency of expert assessments. Case studies of international banks supplement 

expert insights. 

The research identified six qualitative criteria that reflect the effectiveness of AI and 

cloud integration: operational efficiency, scalability, risk and compliance, cybersecurity, 

customer experience, and innovation capacity. Barriers and success factors were also 

identified. Based on these insights, a model for applying qualitative criteria was developed, 

offering banks a structured approach for evaluating technological maturity and planning deep-

tech integration. 
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Lithuanian Summary 

Sparčiai vystantis dirbtiniam intelektui (DI) ir debesijos kompiuterijai, bankų sektoriuje 

vyksta reikšmingi technologiniai pokyčiai, kurie leidžia gerinti veiklos efektyvumą, rizikos 

valdymą ir paslaugų kokybę. Nepaisant šių galimybių, DI ir debesijos sprendimų integracija į 

pagrindines finansines operacijas vis dar sudėtinga dėl reguliavimo reikalavimų, senųjų 

sistemų, saugumo rizikų ir specialistų trūkumo. Mokslinėje literatūroje aptariami DI ir debesijos 

privalumai, tačiau nėra vieningos metodikos jų integracijai bankuose vertinti. Tai sudaro 

pagrindinę šio tyrimo mokslinę problemą. 

Tyrimo objektas – DI ir debesijos inovacijų kokybinis vertinimas pagrindinėse bankų 

operacijose. Tyrimo tikslas – parengti kokybinius vertinimo kriterijus ir sukurti jų taikymo modelį. 

Tyrime taikyta kokybinė metodologija. Duomenys surinkti naudojant struktūruotą 

klausimyną, kurį užpildė aštuoni ekspertai iš įvairių technologinių ir operacinių bankų sričių. 

Naudota literatūros analizė, teminė analizė. Tarptautinių bankų analizė papildė ekspertų 

įžvalgas. 

Tyrimo metu nustatyti šeši kriterijai, apibūdinantys DI ir debesijos integracijos 

efektyvumą: veiklos efektyvumas, mastelio keičiamumas, rizikos ir atitikties valdymas, 

kibernetinis saugumas, klientų patirtis ir inovacijų geba. Taip pat identifikuotos pagrindinės 

kliūtys ir sėkmės veiksniai. Remiantis rezultatais, sukurtas kokybinių kriterijų taikymo modelis, 

suteikiantis bankams struktūruotą priemonę technologiniam brandumui vertinti ir tolimesnei 

giliųjų technologijų integracijai planuoti. 
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INTRODUCTION 

Novelty and relevance of the topic. The 21st century has been characterized by an 

accelerated rate of technological development which has changed the way many businesses 

operate and accelerated the shift toward a digital environment (Dybek, 2023). For financial 

institutions such as banks this has required a transformation of their operational structures 

and technological infrastructure as well as their decision making processes. In spite of the 

ongoing digitization of their services, core banking activities continue to be plagued by 

inefficiency due to legacy systems, high operating costs and increasing regulatory pressures. 

Consequently, banks are increasingly turning to innovative technology solutions to modernize 

their operations and remain competitive. 

Two of the most impactful deep-tech innovations that could potentially optimize core 

banking operations are artificial intelligence and cloud computing. AI allows for automated 

decision-making, real time analytics, improved risk management and personalized services 

(Dybek, 2023). Cloud computing offers scalable, flexible and cost efficient data storage and 

processing options (Russell & Norvig, 2016). Together, they enable banks to enhance the 

operational efficiency of their core operations (Vinoth et al., 2022), improve compliance and 

accelerate innovation (Russell & Norvig, 2016). 

Although there are great possibilities for implementing AI and cloud solutions, they are 

difficult to integrate. Banks experience a variety of obstacles when attempting to implement 

new technology solutions including stringent regulatory requirements, cybersecurity risks, 

legacy system incompatibility issues, and specialized personnel shortages. These 

impediments slow the pace at which banks adopt deep-tech solutions and the extent to which 

the bank realizes its investment in technology. Although existing literature provides a 

comprehensive overview of both the benefits and drawbacks of AI and cloud computing, it 

lacks a singular and specific to banking model that evaluates the integration of AI and cloud 

solutions to their respective core operations. 

The originality of this research is based upon developing qualitative assessment 

criteria and a formalized model to evaluate the integration and effect of AI and cloud solutions 

in banking. There is little evidence of academic research combining the technical, 

organizational and regulatory elements of evaluating AI and cloud integration into one 

evaluation methodology. Therefore, this thesis aims to fill this knowledge gap by providing a 

practical and methodically grounded , qualitative model that assists banks to measure their 

technological maturity and identify the barriers and facilitators of successful deep-tech 

adoption. 

Scientific issue. Although AI and cloud solutions offer significant opportunities for 

enhancing efficiency, risk management, and service quality, banks lack a systematic and 
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criteria-based approach to assess the effective integration of AI and cloud solutions. The 

current methodologies fail to adequately take into account the regulatory, operational and 

technological specifics of the banking industry. This limits the ability of banks to assess the 

quality of technology, understand the barriers to implementation, and plan for the adoption of 

deep-tech. The absence of a structured evaluation model represents the core research issue 

of this thesis 

The object of the research. The application of Artificial Intelligence and Cloud 

innovations in optimizing core financial operations in the banking sector. 

Goal of the research. To develop qualitative criteria for evaluating AI and cloud 

innovations in core banking operations and to propose a model for applying these criteria 

effectively  
Research Tasks.  

1. Analyse theoretical aspects of AI and cloud innovations relevant to core 

banking operations, identifying their characteristics, advantages, and 

limitations. 

2. Conduct qualitative expert research to clarify the concept of technological 

quality, identify key implementation challenges, and determine the most 

relevant qualitative criteria for evaluating AI and cloud integration. 

3. Using case study analysis, examine the practical application of the identified 

qualitative criteria in selected banking sectors. 

4. Based on theoretical insights and empirical analysis, propose a model for 

applying qualitative criteria to evaluate the integration and effectiveness of AI 

and cloud innovations in core banking operations. 

The methods and resources of research. Literature reviews, statistical data analysis, 

case study analysis, qualitative expert interviews, modeling were used as the research 

methods. Descriptive-theoretical, systematic, comparative analysis methods were used to 

study AI and cloud solutions and their relationship to banking methods to examine AI and 

cloud technologies and their relevance to banking. Generative AI tools such as OpenAI, 

ChatGPT model 5, were used to systemise and aggregate some of the findings, as well as, 

investigate ideas, find correct wordings or suggest structures for questions. 

Expert opinions are collected using structured interviews or questionnaires. Qualitative 

data analysis supports selection of countries and banks for case analysis and helps identify 

institutions demonstrating leading practices in AI and cloud adoption. Some of the exprets  

On the basis of the theoretical insights and the results of the empirical research, a 

conceptual model will be developed to assist banks to evaluate their technological maturity 

and assess the degree of success of the integration of AI and cloud innovations into core 

operations. 
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1. DEEP-TECH INNOVATION IN BANKING: THEORETICAL AND 
ENTREPRENEURIAL PERSPECTIVES OF ARTIFICIAL INTELLIGENCE AND 
CLOUD COMPUTING 

The 21st Century is characterized by the most rapid technological developments ever 

seen, as deep tech innovations based on major scientific and engineering breakthroughs are 

changing many aspects of society, especially in the financial industry. Artificial intelligence  

and cloud computing will be the two driving forces behind the disruption and progress of 

banking institutions in terms of their business model and operational architecture, strategic 

flexibility, and service offerings (Dybek, 2023; Russell & Norvig, 2016). 

Artificial intelligence, in general, refers to a type of computer system which is capable 

of performing tasks that normally require human intelligence. The last decade has seen 

significant advancements in AI from the use of simple rules-based algorithms to the 

implementation of more complex self-learning models using techniques like machine learning, 

deep neural networks, and generative frameworks (Russell & Norvig, 2016; Chowdhary, 2020). 

For example, in the banking and finance sectors, AI makes possible the real-time detection of 

fraudulent transactions, personalized customer interaction, the prediction of customer credit-

worthiness and the automation of regulatory compliance. For example, recent academic 

research shows that machine learning models enable financial institutions to enhance credit 

risk assessment by exploiting complex behavioural patterns and alternative data sources, 

leading to improved default prediction relative to traditional scorecard based methods (Berg 

et al., 2020). At the same time, artificial intelligence techniques are increasingly applied in 

transaction monitoring systems, where large scale payment data are analysed to identify 

anomalous patterns associated with fraudulent activity, thereby strengthening fraud detection 

capabilities in modern banking environments. 

Cloud computing, however, is the platform upon which all AI applications are built and 

deployed. Cloud computing allows for the deployment of AI solutions in a flexible, scalable 

and cost-effective way. Furthermore, cloud computing offers banks the ability to acquire on 

demand the resources required to run their applications (such as memory, CPU power etc.), 

integrate their internal and external data sources across multiple platforms, deploy their digital 

financial services quickly and easily, and remove the operational and technical barriers 

associated with running IT systems (Zhang, 2022). Cloud computing also supports the large 

amounts of data required to run AI applications and therefore provides the required 

computational flexibility for the training of models, the conduct of real-time analysis, and the 
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operation of AI-as-a-Service (AIaaS) ecosystems to support the various activities of a bank 

(Zhang, 2022). 

Therefore, the combination of AI and cloud computing represents a classic example of 

a deep-tech path characterized by long periods of development time, high research and 

development (R&D) intensity and a high degree of scalability potential. With the combined 

application of these two technologies, banks have the opportunity to go beyond incremental 

improvements in their current operations and embrace a full-scale transformation of their 

businesses. A number of key processes including loan processing, know-your-customer 

(KYC) due diligence and financial forecasting, are being carried out today through cloud-

hosted AI models, resulting in lower operational costs, higher levels of analytical sophistication 

and faster response times (Vinoth et al., 2022). 

Despite the potentially transformative benefits of this combined technology stack, there 

remain a number of challenges facing the banking industry in its adoption. Furthermore, 

because AI raises important questions about ethics and governance, specifically regarding 

transparency, fairness and accountability, effective oversight mechanisms and the need for 

international standards will be essential (Chethan et al., 2024). 

This chapter is the first step in analyzing the integration of deep-tech into banking by 

defining theoretically the AI and cloud computing technologies and identifying the key 

components of each. The chapter also sets the stage for understanding how banks may utilize 

the capabilities of deep-tech to develop operational excellence, customer-centricity and 

sustainable competitive advantage in the digital age. 

1.1 Definition and Theoretical Foundations of Machine Learning 

Machine Learning was formally defined by Shalev-Shwartz & Ben-David in 2014 as 

"the field of study whose objective is to give machines the capacity to learn, i.e., improve their 

performance on a given task through exposure to data." In addition to formal definitions, 

algorithms are considered to have learned when there is a correlation between the amount of 

data they receive and improved performance on a particular task. Machine Learning has been 

described as the intersection of computer science, statistics and optimization theory and 

focuses on the development of models to identify patterns or relationships from empirical data 

to support decisions. 

Machine Learning does not represent one methodological approach, but rather a range 

of algorithmic approaches for solving various types of learning problems; supervised, 

unsupervised and reinforcement learning, which have unique mathematical assumptions and 

applications (Shalev-Shwartz & Ben-David , 2014). 

Types of Machine Learning 
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Supervised Learning s defined by some labeled examples (a set of input-output pairs), 

which are then used to train a model to predict an output given an input. This process allows 

the model to develop a mapping between the inputs and outputs that can be generalized to 

new, unseen data; the supervised learning paradigm is the most commonly employed 

paradigm in banking to address many types of problems, including predicting whether a 

borrower will default on a loan, predicting when a bank's customer will stop doing business 

with the bank (customer churn modeling), and determining how much risk a lender should take 

when granting a line of credit (credit scoring) (Shalev-Shwartz & Ben-David, 2014). 

Unsupervised Learning is defined by some examples without labels, which are used 

to find natural groupings of the examples, or to identify interesting patterns in the examples. 

Examples of unsupervised learning include clustering algorithms and dimensionality reduction 

techniques. Unsupervised learning has been used in banking to segment customers, to detect 

unusual activity in account transactions, and to analyze the behavior of their customers 

(Shalev-Shwartz & Ben-David, 2014, Dybek, 2023). 

Reinforcement Learning provides continued interaction with both agents and their 

environments and has been utilized in a wide variety of applications including but not limited 

to control, robotics, and autonomous systems. Advances in deep and multi-agent 

reinforcement learning have allowed for scalable learning in complex and dynamic 

environments through coordination among multiple agents, and through continuous policy 

updates in response to delayed and distributed feedback (Hu et al., 2024; Tang et al., 2025). 

As a result, reinforcement learning has increasing relevance in applications within finance that 

include dynamic portfolio optimization, real time bidding, and adaptive pricing, which require 

consideration of strategic interactions, uncertainty, and the constantly changing environment 

of an evolving marketplace.  

Because it can generate patterns and make predictions based on past history by 

learning from a large body of data, ML is uniquely suitable to banking because of its ability to 

be self-teaching. Examples of how ML has been used in banking include credit scoring, fraud 

detection and automated trading (Russell & Norvig, 2016). For example, ML models are able 

to use non-traditional data for credit worthiness evaluations and also evaluate anomalies in 

transactional data to alert fraudulent activity. Additionally, some organizations report they have 

reduced their fraud cases as a result of using AI-based monitoring systems (McKinsey & 

Company, 2021). 

1.2 Definition of Natural Language Processing and Generative Artificial Intelligence 

Natural Language Processing (NLP) is  a subset of artificial intelligence and involves 

the ability of a computer to understand, create and communicate through human language in 

a way that is meaningful to humans. Practically, NLP utilizes a combination of symbolic and 
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statistical methods to analyze the various forms of language structures (such as syntax, 

semantics, discourse and pragmatics) to develop an understanding of language (Chowdhary, 

2020). Theoretical foundations of NLP exist within the realm of formal linguistics and 

computational modeling and include the application of tools such as syntactic parsing, 

semantic role labelling and probabilistic modeling to account for the ambiguity and variability 

present in human language (Chowdhary, 2020). Over the past few years, machine learning 

and deep learning have played a significant role in improving the context sensitivity and 

generalization abilities of NLP for multiple language-related tasks (Khurana et al., 2022). 

Specifically, neural network-based models, and particularly transformer-based models, have 

greatly improved results in applications such as machine translation, sentiment analysis and 

question answering. The rapid advancement in areas such as information extraction, machine 

translation and grammar checking reflect both increasing scientific interest in NLP and the 

continued methodological improvements in the field of NLP. These developments enable NLP 

to support numerous practical functions, such as fully automated conversational systems, as 

well as real-time compliance monitoring within financial service organizations, thus 

demonstrating its importance in today's AI systems. 

Generative Artificial Intelligence, represent a key area of advancement in artificial 

intelligence and have the capability to produce complex, coherent and contextually relevant 

material without human input. LLMs are primarily reliant upon deep learning architectures such 

as transformers that have allowed for substantial advancements in natural language 

generation, code synthesis and document summarization (Chowdhary, 2020). Essentially, 

these systems are founded upon the principles of probabilistic modeling and unsupervised 

learning; extremely large datasets are utilized to predict the next token in a sequence, thereby 

enabling the generation of semantically rich synthetic text. Today, generative models are 

increasingly being employed in critical areas such as financial services where they provide 

support to tasks including the automation of report creation, prediction of market commentary 

and simulated risk scenario simulations utilizing synthetic data (Chowdhary, 2020). Due to the 

scalable nature of LLMs, they enable more personalized interactions between individuals and 

companies, since content and recommendations may be dynamically adapted to the individual 

user profile. Thus, while generative AI acts as a generator of content, it also acts as a simulator 

of human-like interaction and as a stress-tester for digital systems in data-scarce 

environments. Consequently, the ongoing progression of LLMs affirms their standing as a 

deep-tech innovation that integrates language comprehension and generative capabilities and 

is currently in the process of altering traditional workflows in all types of industries. 
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1.3 Evaluating AI Implementations in the Banking Sector 

Evaluating the implementation of Artificial Intelligence in the banking sector requires a 

structured, evidence-based framework that incorporates both measurable performance 

outcomes and governance-oriented qualitative criteria. The need for such frameworks is 

reinforced by findings from global AI governance studies, which highlight that without 

systematic evaluation, AI adoption risks amplifying biases, undermining transparency, and 

compromising compliance in highly regulated industries such as banking (Corrêa et al., 2023; 

Mirishli, 2024). 
 

Table 1 Applications of AI in Banking Functions 

Function AI Application Benefit 

Customer Service Chatbots, Virtual 
Assistants 

24/7 support, lower 
costs 

Risk Management Predictive Analytics, 
Fraud Detection 

Real-time alerts, 
reduced losses 

Operations Robotic Process 
Automation (RPA) 

Improved efficiency 

Compliance NLP for Regulation 
Analysis 

Faster compliance 
reporting 

Investment Advisory AI-based Portfolio 
Management Tools 

Personalization 
and insights 

Source: Zhang, 2022; Vinoth et al., 2022 

 

 

Operational Efficiency Gains - Banks can measure the effects of AI on operations 

through time to complete processes, error rates, and the amount of manual intervention 

required. According to Mirishli (2024), AI-based solutions like automated contract review 

platforms can lower analysis times from "thousands of hours" to "seconds," especially for large 

volumes of legal and compliance work. 

Accuracy and Risk Reduction - As well as other areas, predictive models based on 

AI have demonstrated an improvement in fraud detection, credit scoring, and anti-money 

laundering (AML) monitoring. Metrics like true positives and false positives, precision, and 

recall are important for measuring AI's effectiveness in these areas (Mirishli, 2024). 

Financial Return on Investment (ROI) - ROI assessments will take into account, 

changes in cost-to-income ratio, net income margin and incremental revenue generated 

through AI-driven personalized services. Global market projections show that AI-enabled 
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intelligent automation will create significant profitability opportunities in banking (Mirishli, 

2024). 

Regulatory Compliance Performance - egulatory compliance may include the 

accuracy of transaction monitoring for AML purposes, adherence to PSD2 reporting duties 

and a reduction in compliance breaches. Measurable benchmarks for compliance for AI-based 

applications under the EU AI Act are provided through AI's role in meeting high-risk application 

requirements (Mirishli, 2024). 

Fairness and Non-Discrimination - Fairness and equity were identified as two of the 

most frequent ethical principles in AI-related global policies by Corrêa et al. (2023), as they 

appear in almost all reviewed policy standards. Equity in lending, pricing and risk assessment 

in AI-based banking applications must be evaluated to avoid inequitable results. 

Transparency/Explainability - The "black box" nature of some AI models provide 

challenges for both customer confidence and regulatory oversight. High-risk AI applications 

for finance are mandated to be explainable under the EU AI Act, which demands either 

interpretable models or explainability tools (Mirishli, 2024). 

Responsibility and Governance - Responsibility and governance frameworks should 

clearly assign responsibility for oversight of AI applications, so that senior management has 

responsibility for the ethical and compliant use of AI. This is consistent with the accountability 

principle identified in over 70% of the 200 AI governance documents examined globally 

(Corrêa et al., 2023). 

Compliance with Data Protection and Privacy - Requirements related to GDPR, 

specifically regarding data minimization and purpose limitation, will directly affect how AI 

functions in banking. The evaluation should verify whether data treatment and processing 

procedures follow these principles while continuing to enable model functionality (Mirishli, 

2024). 

Flexibility and Resilience - Flexibility and resiliency must be assessed for AI-based 

applications, as they need to be capable of adapting to new market data, mitigating model drift. 

Best practices in AI governance literature recommend regular monitoring and periodic audit 

for AI applications (Corrêa et al., 2023). 

In conclusion, AI implementations in banking require a balanced approach that 

combines quantitative metrics, such as operational efficiency gains, prediction accuracy, and 

financial returns with qualitative safeguards, such as fairness, transparency, accountability, 

compliance with privacy rules, and flexibility. Literature reviews indicate that focusing solely 

on the technical performance of AI-based applications without governance considerations 

could damage trust, compliance with regulations and long-term viability (Mirishli, 2024; Corrêa 

et al., 2023). Structured evaluation frameworks can help banks ensure that AI-based 

applications meet both the objectives of operational excellence and ethical integrity, and 
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thereby obtain a competitive advantage in a dynamic regulatory and technological 

environment. 
 
Table 2 AI Banking Evaluation Framework: Quantitative vs. Qualitative Criteria 

Quantitative 
Criteria 

Examples / Metrics Qualitative 
Criteria 

Examples / Metrics 

Operational 
Efficiency 

Processing time 
reduction, error rate 
decrease, automation 
ratio 

Fairness & Non-
Discrimination 

Bias detection audits, 
demographic parity 
tests 

Accuracy & Risk 
Reduction 

Precision, recall, 
true/false positive rates 
in fraud/credit models 

Transparency & 
Explainability 

Explainability audit 
reports, model 
interpretability score 

ROI Cost-to-income ratio, 
net profit margin change 

Accountability & 
Governance 

Governance framework 
review, oversight role 
mapping 

Compliance 
Performance 

Accuracy of AML/PSD2 
reporting, compliance 
breach frequency 

Data Protection & 
Privacy 

GDPR compliance 
audit, data minimization 
adherence   

Adaptability & 
Resilience 

Model drift detection 
reports, retraining 
frequency 

Source: Mirishli (2024) and Correa et al. (2023). 

 

1.4 Definition of Cloud 

Cloud computing refers to the delivery of shared, configurable computing resources 

such as networks, servers, storage, applications, and services over the Internet on demand, 

enabling rapid provisioning with minimal user effort (Buyya et al., 2009; Mell & Grance, 2011). 

These services are supported by large-scale data centers distributed globally, allowing users 

to access resources regardless of location, provided they have Internet connectivity 

(Marinescu, 2017). This model allows organizations to consume IT resources as utilities, 

reducing the need for investment in physical infrastructure (Buyya et al., 2009). 

According to NIST, cloud computing is defined by five essential characteristics: on-

demand self-service, broad network access, resource pooling, rapid elasticity, and measured 

service (Mell & Grance, 2011). Together, these enable scalability, flexibility, and cost efficiency, 

which drive cloud adoption across public and private sectors (Avram, 2014; Marinescu, 2017). 

Cloud services are typically delivered through three models: Software as a Service 

(SaaS), Platform as a Service (PaaS), and Infrastructure as a Service (IaaS). SaaS provides 

fully managed applications over the Internet (Armbrust et al., 2010). PaaS offers development 

environments without infrastructure management (Avram, 2014). IaaS delivers virtualized 

computing resources with full user control (Hon & Millard, 2018). 
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Cloud deployment models include public, private, hybrid, and community clouds, which 

differ in ownership, access, and management structure (Vinoth et al., 2022; Hon & Millard, 

2018). 

The global cloud market is dominated by Amazon Web Services, Microsoft Azure, and 

Google Cloud Platform, with additional major providers including IBM, Oracle, and Alibaba. 

These vendors continuously expand their service offerings to maintain competitiveness 

(Gartner, 2022; Synergy Research Group, 2023). 

1.5 Characteristics of Cloud Computing in Banking 

The adoption of cloud computing in the banking sector is primarily driven by its capacity 

to deliver on-demand, scalable, and technologically advanced solutions that align with the 

dynamic requirements of modern financial services. The on-demand self-service model allows 

banks to provision computing resources such as storage, processing power, and applications 

without direct human intervention from service providers, thereby accelerating deployment 

cycles for new services (Mell & Grance, 2011). 

Scalability is another defining characteristic, enabling financial institutions to adjust 

computing capacity in real time to meet fluctuating transaction volumes, seasonal peaks, or 

unexpected surges in demand. This elasticity supports operational resilience and ensures 

uninterrupted service availability, which is critical in high-volume banking environments 

(Marinescu, 2017). 

Cloud platforms also facilitate integration with modern technologies such as artificial 

intelligence, machine learning, and big data analytics. By providing high-performance 

computing capabilities and extensive data storage, cloud infrastructure enables banks to 

develop advanced analytics for fraud detection, customer behaviour modelling, and 

personalised financial products (Cheng et al., 2022). 

Furthermore, resource pooling allows banks to share computing infrastructure while 

maintaining strict segregation of data through virtualisation and encryption, optimising cost 

efficiency without compromising security (Hon & Millard, 2018a). The pay-as-you-go billing 

model further enhances financial flexibility, allowing banks to align IT expenditure more closely 

with operational needs (Avram, 2014). 

Collectively, these characteristics position cloud computing as a strategic enabler for 

banks seeking to modernise legacy systems, improve operational agility, and deliver 

innovative, customer-centric services while maintaining regulatory compliance and security 

standards. 
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1.6 Drivers for Cloud Adoption in Banking 

The banking industry's rapid migration to cloud computing has been driven by the 

ability of cloud-based systems to provide flexible, scalable and cutting-edge solutions that can 

be delivered on an "as needed" basis and are directly responsive to the evolving nature of 

financial services. Cloud computing's on-demand self-service provides banks the ability to 

rapidly deploy compute resources (i.e., storage, processing capacity, etc.) and applications 

without having to interface directly with their service provider, thus dramatically reducing the 

amount of time it takes to deploy new digital banking services (Mell & Grance, 2011). 

Additionally, the scalability provided by cloud computing enables institutions to dynamically 

allocate computing resources based on changing demands from customers or fluctuations in 

volume due to peak periods of activity, thereby providing continuous availability and 

operational resilience in high-transaction volume banking environments (Marinescu, 2017). 

Cloud-based platforms have the capability to support advanced technologies including 

AI, machine learning  and big data analytics. This is achieved through cloud-based platforms' 

access to high-performance computing resources and large scale data storage. As a result, 

banks are able to create sophisticated applications for detecting fraudulent transactions, 

modeling customer behavior and providing personalized financial products and services 

(Cheng et al., 2022). Resource pooling and virtualization in cloud computing also contribute 

to increased efficiency in terms of cost, by utilizing common infrastructure and virtualizing 

physical hardware, respectively. Virtualization and encryption, therefore, enhance the security 

of data within cloud computing models, as they enable data to be isolated from other users, 

both physically and logically (Hon & Millard, 2018a). Finally, the pay-as-you-go pricing model 

used in cloud computing further increases an institution's financial flexibility, as IT 

expenditures can now be directly tied to an organization's actual operational needs (Avram, 

2014). Together, all of these features make cloud computing a critical component of modern 

banking, as well as an enabling technology for creating agile operations and innovative 

customer experiences under a highly regulated environment bringing mltiple benefits for the 

business (see figure 1) 
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Figure 1 Advantages of Cloud computing 

 

 

Source : Vinoth et al., 2022 

1.7 Evaluation criteria for cloud computing in the banking sector 

The evaluation standards for using cloud computing in the banking industry will be 

evaluated from a multi-faceted view which assesses both strategic value and operational 

feasibility of cloud based systems. The first major area of evaluation will be cost and 

operational efficiency. As Avram (2014) has indicated, although an institution may experience 

transitional costs due to the time required to integrate and migrate to a new system, once the 

transition process is completed, institutions have reported long-term cost savings by improving 

their ability to scale up or down in response to changes in demand, through improvements in 

automation, and through increased agility. 

Risk management and security are additional important areas of evaluation when 

considering cloud computing, as cloud computing platforms create risks for institutions related 

to data breaches, unauthorized access, and vendor dependence, and therefore require robust 

encryption, monitoring, and governance frameworks to protect against those risks (Zhou et al., 

2010; Vinoth et al., 2022). 

A third important evaluation criterion will be regulatory compliance. For example, in 

many jurisdictions such as those in the European Union, institutions that utilize cloud 

computing to outsource critical banking functions must comply with specific audit, data locality, 

and contractual requirements, and as Hon and Millard (2018) noted, these regulatory 
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requirements often result in a lack of clarity in terms of supervisory interpretation, which 

creates uncertainty. 

Customer trust and customer adoption of cloud based banking services will also be an 

important factor in determining whether cloud based banking services are successful, as 

customer perceptions regarding the reliability, cost effectiveness, and privacy of cloud based 

banking services will directly impact customer adoption (Asadi et al., 2017). 

Finally, the ability to leverage emerging technologies (i.e., artificial intelligence, 

blockchain, etc.) to improve the strategic case for cloud migration will be an important area of 

evaluation. These technologies have been identified as being useful in various applications in 

banking including fraud detection, risk modeling, and personalized financial services (Cheng 

et al., 2022). 

Therefore, it is necessary to consider all of these evaluation criteria when assessing 

the adoption of cloud computing in the banking industry to ensure that institutions achieve both 

sustainable competitive advantage and operational security. 

1.8 Definition of deep-tech and Integrating AI and cloud as a deep-tech stack in 
banking 

Deep technology, or “deep tech,” denotes a category of innovation grounded in 

fundamental scientific breakthroughs or substantial engineering advances that are aimed at 

solving highly complex societal or industrial problems. Such innovations typically require 

prolonged research and development cycles, significant capital investment, and specialized 

multidisciplinary expertise before reaching commercial viability (European Institute of 

Innovation and Technology , 2023). Unlike incremental or purely software-based innovation, 

deep-techis characterised by high technical risk-often involving unproven scientific principles-

while market risk is comparatively lower due to the anticipated transformative value of the 

solution (European Institute of Innovation and Technology, 2023). 

A defining characteristic of deep-techis its capacity to generate defensible intellectual 

property that is difficult to imitate, positioning it as a critical driver of competitive advantage in 

emerging markets. Furthermore, deep-techventures rely heavily on strong innovation 

ecosystems that foster collaboration between academia, industry, investors, and policymakers 

(Romme et al., 2022). The Eindhoven ecosystem, for example, illustrates how long-term 

commitment to research infrastructure, public-private partnerships, and talent development 

can transform a region into a leading deep-techhub despite global competition (Romme et al., 

2022). 
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The technological domains encompassed by deep-techare diverse and include 

advanced computing, quantum technologies, artificial intelligence, biotechnology, advanced 

materials, sustainable energy, and blockchain systems (European Institute of Innovation and 

Technology, 2023). Beyond their technological novelty, these ventures hold strategic 

significance in addressing grand global challenges such as climate change, sustainable 

energy transition, healthcare innovation, and industrial transformation. As such, deep-

techrepresents not only a technological paradigm but also a socio-economic and strategic 

innovation model that is inherently tied to ecosystem resilience and sustainability objectives. 

1.9 Deep-tech entrepreneurship and strategic relevance to financial services 

Deep tech entrepreneurship refers to developing businesses based on novel and 

complex technological advancements, which in most cases are derived from scientific or 

engineering breakthroughs made in research institutions, industrial labs, etc. As opposed to 

traditional tech startup companies, deep tech entrepreneurs must deal with extended R&D 

periods, large investments, highly skilled personnel and equipment and therefore must be able 

to successfully navigate intellectual property rights, regulatory frameworks and different 

ecosystems to connect technological breakthroughs with commercial business models 

(European Commission, 2023). 

In financial services, deep tech has a transformative impact by creating operational 

efficiencies and new business models. Advanced AI, Quantum Computing, Distributed Ledger 

Systems, and Privacy-Preserving Computation, etc. can radically change how financial 

services are delivered by changing how risk modeling, fraud detection, automated compliance, 

and customer interaction occur (ESRB, 2020). Additionally, they create real-time analytics, 

automate decisions, increase the level of security in transactions, and allow for the 

development of new types of financial products and services. 

Deep tech provides a barrier to entry and therefore a way to achieve a sustained 

competitive advantage in the financial services industry due to its defensibility of the created 

intellectual property (Romasanta et al., 2021). The ability of banks to participate in 

collaborative innovation ecosystems, where banks, startups, universities and technology 

companies work together to develop open banking and platform-based service models, will 

further facilitate their use of deep tech (European Commission, 2023). 

However, there are still challenges associated with integration. The long timeframe, 

high degree of uncertainty and high initial cost required for the adoption of deep tech require 

patient capital, specialized investment vehicles and long term strategic commitment 

(European Commission, 2023). Deep tech adoption may also lead to changes in competitive 

dynamics, regulatory oversight and levels of consumer trust, and thus require flexible 

governance frameworks (Goldstein et al., 2019). 
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Ultimately, deep tech entrepreneurship presents the financial services sector with 

opportunities for improved resilience, innovation leadership and the solution of systemic 

problems (such as financial inclusion, fraud prevention and digital sovereignty), provided that 

appropriate ecosystems and supportive policy environments are established to facilitate 

integration. 

1.10 Architectural complementarities between AI and cloud 

AI and cloud computing represent a mutual reinforcement of the underlying 

technological architecture for implementing deep-tech innovations in the banking sector. 

Specifically, AI's capability for advanced data analysis, prediction models, and automation of 

tasks relies on scalable and flexible computing resources, which can be efficiently provided 

via cloud-based infrastructures (Hurson & Wu, 2021). Cloud-based platforms offer elastic 

computing power, distributed storage and high speed networking, which enable AI models to 

be developed, deployed and continuously updated at scale, thereby supporting the ongoing 

learning and adaptation needs within rapidly changing financial environments. 

Beyond the simple benefits of operational convenience, the complementary 

relationship between AI and cloud-based architectures represents a strategic capability. 

Cloud-based architectures serve as the foundation for integrating AI-based services into both 

current and future banking systems, thereby facilitating the real-time processing of massive 

transactional datasets and the rapid identification of anomalies, fraud patterns, and emerging 

risks. Furthermore, the modular nature of cloud-based native architectures enables the 

development and deployment of AI based innovations (such as intelligent credit scoring, 

compliance automation and adaptive customer interaction systems) in an iterative and 

scalable manner across various banking channels (Legapriyadharshini et al., 2024). 

Finally, the architectural synergies between AI and cloud further enhance the 

defensibility and scalability of deep-tech solutions through the incorporation of sophisticated 

security, privacy preserving computation, and regulatory compliance into the basic 

computational framework. The cloud-based deployment of AI-based anomaly detection, 

encryption and blockchain enabled access control enables the seamless integration of AI-

based functionality into financial data processing systems, and therefore ensures that financial 

data processing occurs securely and with audit trails. From a deep-tech perspective, this 

layered integration results in an innovation stack where AI, cloud and additional technologies 

(such as distributed ledgers and quantum resistant cryptography) operate synergistically to 

produce high-value and resilient financial services. 

Strategically, the combined use of AI and cloud accelerates the time-to-market for 

deep-tech innovations in the banking sector while reducing operational friction and enabling 

cross-system collaboration among participants in financial ecosystems. Interoperability 
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standards for cloud-based technologies enable the integration of third party fintech providers, 

and AI-based analytical capabilities enhance the value of these integrations through the 

generation of actionable insights and optimized decision-making processes. The AI/cloud-

based architectural relationship therefore increases the efficiency and adaptability of banking 

operations, and also drives the transformation of the banking sector towards open, platform-

based, and innovation driven financial ecosystems. 

  



 24 

2. GLOBAL MARKET ANALYSIS OF DEEP-TECH ADOPTION IN BANKING 
THROUGH AI AND CLOUD COMPUTING 

In order to determine which countries and banking markets to study regarding deep-

tech adoption, the focus needed to be on countries and banking markets that are recognized 

as among the true leaders in the use of both artificial intelligence and cloud computing. Most 

people recognize the United States as a leader in technology when discussing the subject. 

The United States' largest financial institutions, along with the U.S. FinTech ecosystem, are 

pioneers in using digital transformation to push the boundaries of what can be accomplished 

through the migration of large-scale workloads to public cloud platforms, and the use of AI in 

applications such as customer analytics, credit scoring, and fraud detection. Many times U.S. 

banks, including Capital One, who have committed to using Amazon Web Services for the 

majority of their operations, are referenced as examples of the transition that many other 

banks will go through as they transition from traditional banking systems to systems that utilize 

cloud computing and AI (Cheng et al., 2022). 

It would be misleading to conclude that the United States has an absolute monopoly 

on being the leader in the area of deep-tech. China has become increasingly competitive in 

terms of deep-tech capabilities. With national strategies such as "Internet Plus," Chinese 

banks have made significant investments in cloud based infrastructure, and AI enabled 

systems (Wang et al., 2016). These investments have resulted in improvements in the 

operational efficiency of the banks, as well as enhancements in how the banks handle data; 

however, there are significantly increased risks associated with the operational aspects of the 

rapid deployment of such technologies (Cheng et al., 2022). The European Union represents 

a completely different view point in comparison to the U.S. and China. Banking organizations 

throughout the EU are slowly transitioning to cloud based systems; however, the rate at which 

they are able to do so is influenced by a number of factors beyond the influence of the 

availability of the technology itself. These include strict regulatory frameworks, cultural 

conservatism, and continued concerns regarding data privacy (Hon & Millard, 2018). 

The regions described above represent a variety of paths to achieve deep-tech 

transformation in banking. The U.S. may be viewed as the innovator; however, the 

development of deep-tech capabilities in Asia and Europe are just as extensive, and present 

their own unique combinations of opportunities and challenges. Therefore, when evaluating 

countries and banking organizations to compare for purposes of research, it is necessary to 

assess the size of the banking sector in each country. This will provide a basis for comparing 

the systemic importance of banking in different economies, and ensure that all subsequent 

comparisons are conducted on a consistent basis. 
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Table 3 Bank assets as a percentage of GDP across selected countries 

Country Name Country Code 2020 [YR2020] 2021 [YR2021] Latest 
Hong Kong SAR, China HKG 266.6976 268.8174 268.8174 
Macao SAR, China MAC 283.9117 241.5155 241.5155 
China CHN 218.7431 214.2299 214.2299 
Qatar QAT 235.3550 208.0468 208.0468 
Korea, Rep. KOR 173.3978 181.6619 181.6619 
Denmark DNK 174.8332 169.8754 169.8754 
Japan JPN 170.4161 169.6211 169.6211 
Singapore SGP 168.9756 168.9756 168.9756 
Cambodia KHM 142.8682 166.3253 166.3253 
New Zealand NZL 159.3903 154.4883 154.4883 
Malaysia MYS 158.9077 153.0208 153.0208 
Thailand THA 144.5433 152.0180 152.0180 
Australia AUS 163.7002 148.1807 148.1807 
Sweden SWE 149.5602 145.8413 145.8413 
San Marino SMR 142.3727 - 142.3727 
Vietnam VNM 162.7559 136.1844 136.1844 
United Kingdom GBR 143.2779 136.0174 136.0174 
Norway NOR 155.9760 133.7639 133.7639 
France FRA 137.2652 131.0699 131.0699 
United Arab Emirates ARE 130.6930 - 130.6930 

Source: World Bank (2025). 

The size of banking sectors can be compared to GDP among many countries and 

shows large differences among countries. European banking systems like those found in 

Switzerland and Luxembourg have bank asset to GDP ratios that exceed many hundreds of 

percent. Thus, they qualify as international banking centers (Wierzbowska, 2025). The U.S., 

in comparison to other developed financial structures, has low bank asset to GDP ratios at 

approximately 70-80% showing a relatively diversified financial system where capital markets 

play a significant role. In Asia, Hong Kong and Singapore show bank asset to GDP ratios far 

in excess of 200%. China, however, is in the midst of rapid growth and faces challenges of 

lower transparency and a highly regulated environment, which creates uncertainty when 

comparing financial systems across countries (Corbet et al., 2023). 

In Africa and South America, there is a stark difference between the bank asset to 

GDP ratio and the size of their banking systems to their overall GDP. Their banking systems 

are smaller in proportion to GDP, but they are in the process of developing their banking 

systems and expanding the use of technology to penetrate more areas of society. The 

disparity in size is similar to studies that have found that the larger the size of the banking 

sector, the more stable the financial system will be and the more likely it is to adopt new 

technologies (Ndou & Gumata, 2024). 

Given the disparities noted above, the focus of this study will be narrowed to examine 

the major economies of the world that have been identified as having the most open data 

regarding their banking systems. These economies include the major economies of North 



 26 

America, Western Europe and the Nordic regions. These regions were chosen because of 

their systemic weight in the world economy and the availability of data to support the 

examination of technological innovation within the banking industry. Additionally, given the 

recent focus on innovation in Europe, specifically regarding artificial intelligence and cloud 

computing, and the subsequent creation of the European Innovation Council to create and 

finance innovation throughout the EU, the choice of the focus on the major economies of 

Europe seems reasonable (European Commission, 2021; European Commission, 2022). 

To further narrow the focus of the research, the largest banks in the United States, 

major European economies and the Nordic regions were identified based on total assets. The 

focus on these banks is important because they are considered to be systemically relevant 

due to their size and potential to influence financial stability. They also have sufficient size and 

resources to invest in artificial intelligence and cloud computing to support their business 

model. To compare the level of investment in artificial intelligence and cloud computing in the 

largest banks in each of the focus regions, three graphs are provided. The first graph 

compares the largest U.S. banks based on their assets. The second graph compares the 

largest European banks based on their assets. The third graph provides an overview of the 

major financial institutions located in the Nordic region. The purpose of providing these three 

graphs is to serve as a starting point for evaluating how the adoption of artificial intelligence 

and cloud computing is changing the way that banks conduct their operations in each of the 

regions. 

One bank was selected from each of the focus regions. JPMorgan Chase was selected 

as the representative bank for the U.S. due to its size and early use of artificial intelligence. 

HSBC was selected as the representative bank for Europe as it is one of the largest global 

banks that is using cloud computing to enhance its ability to compete in the global marketplace. 

Danske Bank was selected as the representative bank for the Nordic region as it has a long 

history of investing in digital banking and the adoption of new technologies. The combination 

of the three banks provides a comprehensive look at how artificial intelligence and cloud 

computing are being used in the banking industry in each of the focus regions. 
 

Table 4 Selected Banks by Total Assets 

Bank Name Region Total Assets (2024) Characteristics 
JPMorgan Chase United States $4.0 trillion (USD) Largest U.S. bank 

by assets.  
Pioneer in AI-driven 
risk management 
 

HSBC Holdings Europe $3.0 trillion (USD) Global footprint with 
strong emphasis on 
digital banking and 
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cross-border cloud 
integration. 

Danske Bank Nordics DKK 3,739 billion 
(~€497 bn) 

Leader in Nordic 
digital banking 
Advanced  
online services 
 

Source: JPMorgan Chase & Co. (2024), HSBC Holdings plc (2024), and Danske Bank (2024) annual 

reports 

The selected banks were evaluated according to their adoption of Artificial Intelligence 

and Cloud Computing, as per the analytical criteria developed in this study for evaluating deep-

technology adoption in the financial sector. The evaluation model for determining if the banks 

have adopted deep-technologies like Artificial Intelligence and Cloud Computing has been 

developed around four major dimensions. The combination of dimensions combines 

established strategic concepts with recent literature on the technological maturity, ecosystem 

interaction and sustainability of a bank. 

The first dimension is innovation and value creation; it was built upon the value 

innovation loop (Kim & Mauborgne 1999, 2005). They outlined four guiding questions 

regarding what factors should be lowered to below the industry standard, increased to above 

the standard, what established practices should be removed and what new elements should 

be developed. In the banking context, this concept may be applied to determine how the 

adoption of AI and Cloud is changing value creation, delivery and capture. An example would 

be how banks are creating new types of personal service utilizing AI and Cloud technologies, 

removing inefficient practices, or creating new competitive benchmarks. 

The second dimension is technological depth and maturity; this dimension assesses if 

the banks are simply using AI and Cloud as incremental improvements, as efficiency tools, or 

as outsourced services, or if they are integrating them into long-term technology and 

innovation strategies. Examples of relevant indicators include the scalability of cloud platforms, 

the integration of AI applications with cloud platforms, the use of technology readiness levels, 

and the compliance with standards related to governance and security. Studies by Haefner et 

al. (2023) and Lins et al.(2021) demonstrate the importance of these indicators in order to 

ensure that technology deployment in finance is reliable, scalable, and future oriented. 

The third dimension is knowledge intensity and ecosystem interaction; deep-tech 

adoption cannot be solely defined by acquiring technologies, rather it depends on developing 

and protecting knowledge assets. According to Romme et al. (2023), the role of intellectual 

property and venture-building structures in deep-tech contexts is highlighted, while studies by 

Capatina et al. (2024) and Dionisio et al. (2023)  illustrate that cooperating with universities, 

start-ups and fintech companies improves absorptive capacity and accelerates technology 

transfer. For banks, this means assessing if they are investing in their own R&D, developing 
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their own proprietary AI solutions, and establishing partnerships that support their competitive 

positioning. 

The fourth dimension is impact and sustainability; deep-tech in financial services does 

not merely relate to efficiency but also to long-term social and environmental alignment. 

Aqmala et al.(2025) pointed out how AI contributes to ESG scoring and sustainable finance. 

From a practical standpoint, this dimension evaluates if the adoption of AI and Cloud in banks 

improves traditionally accepted efficiency metrics such as Return On Assets (ROA) or Cost-

To-Income Ratios while also supporting sustainability through green cloud strategies and ESG 

integration. 

Collectively, these four dimensions develop a compact but comprehensive model for 

identifying whether the application of AI and Cloud in banking represent simple digitalization 

or a true deep-tech transformation. 

 
Table 5 Dimensions for Analyzing Deep-Tech Adoption in Banking 

Dimension Analytical Focus Application 
Innovation & 
Value Creation 

Reduced factors below industry 
standard  
Raised factors above standard 
Practices eliminated  
New elements created 

Assess how AI & cloud reshape 
value creation and delivery 

Technological 
Depth & Maturity 

Cloud scalability 
AI integration 
Technology Readiness Levels 
governance, security 

Judge if adoption is incremental 
or deep-tech transformation 

Knowledge 
& Ecosystem 

IP strategy 
 R&D intensity, 
Fintech/startup/university 
partnerships 

Evaluate if banks create/own 
deep-tech knowledge and 
leverage ecosystems 

Impact  
& Sustainability 

Efficiency, 
ESG integration, 
AI for green finance, 
Sustainable cloud 

Test long-term competitiveness 
and alignment with ESG goals 

Source: compiled by author 

 

2.1 Artificial Intelligence and Cloud Computing Integration Analysis: JPMorgan Chase 
Case 

JPMorgan Chase & Co. is the biggest financial services firm in the US, possessing 

nearly $4 trillion in assets that place it among the most systemically critical banks globally 

(JPMorgan Chase, 2024). JPMorgan Chase is not only the largest bank compared to 

competitors including Bank of America, Citigroup and Wells Fargo by virtue of size and 

investment in technology but also the leading bank in terms of technology investment. In 

addition, the overall U.S. banking industry is characterized by an advanced digital architecture 
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and is among the leaders in global cloud adoption based on the U.S.-based hyperscalers 

(Amazon and Microsoft) that dominate this space (IDC, 2023; Synergy Research Group, 2023), 

which further supports JPMorgan's relevance in studying the deep-tech adoption in banking. 

 
Figure 2 Comparative Total Assets of Leading U.S. Banks, 2024 

 

Source:  JPMorgan Chase & Co., 2024; Bank of America, 2024; Citigroup, 2024; 
Wells Fargo, 2024). 

Since it's inception JPMorgan Chase has focused on investing in artificial intelligence  

and cloud computing; two of the most widely recognized areas of innovation in finance and 

banking that are driving digital transformation (Douglas & Christian, 2024). In an effort to 

support the growth and development of its business, JPMorgan Chase is spending over 12 

billion USD each year on technology including applications of machine learning, digital 

infrastructure and cloud based solutions (JPMorgan Chase, 2024). The Applied AI and 

Machine Learning Division at JPMorgan Chase is responsible for developing the various tools 

used by the company for the purpose of credit risk modeling, fraud detection, natural language 

processing and trading optimization (JPMorgan Chase, n.d.-a), thus applying AI across both 

front office and back office operations. 
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Table 6 JPMorgan Chase & Co Technology investments 2021-2024 

Year Technology Investment 
(USD Billion) 

AI & Cloud Focus 

2021 11 Early AI use in fraud 
detection and customer 
analytics; hybrid cloud 
expansion 

2022 12 Applied AI group 
formalized; AI in risk 
management; cloud 
migration acceleration 

2023 13 Hybrid cloud adoption with 
AWS & Azure; AI in risk 
modeling, NLP, trading 
optimization 

2024 12 Enterprise-wide AI 
integration; generative AI 
tools in compliance, 
trading, ops; cloud for 
resilience 

Source. JPMorgan Chase & Co (2024), JPMorgan Chase & Co (2023), JPMorgan 
Chase & Co (2022), JPMorgan Chase & Co (2021) 
 
The convergence of cloud and artificial intelligence has enabled JP Morgan to achieve 

both scalable performance, and real-time analytical capabilities that are considered key 

factors to enable large-scale automation (Douglas & Christian, 2024). This combination is 

further supported at the practical level by JP Morgan's hybrid cloud partnership agreements 

with Amazon Web Services and Microsoft Azure, which enable JP Morgan to achieve greater 

resiliency, better compliance and greater control over its data governance (Gartner, 2022; 

JPMorgan Chase, 2024). JP Morgan's large size relative to other banks creates a cost barrier 

for smaller banks to replicate this technology adoption, thus creating a competitive advantage 

for JP Morgan relative to their smaller competitor banks. In addition to being a leading U.S. 

bank using artificial intelligence and cloud technology together, JP Morgan represents a model 

of the application of deep tech across all global banking. Therefore, the next chapter will 

include additional information about how JP Morgan uses artificial intelligence and cloud 

technology, after which this paper will use the dimensions for analyzing deep-tech adoption in 

banking listed in Table 5 to analyze the bank. 

2.2 JPMorgan Chase's Implementation of Artificial Intelligence 

Over the last 4 years, JPMorgan Chase's implementation of AI has evolved steadily; 

at each stage, the bank has been influenced by both broader industry trends, as well as its 

own strategic objectives. 
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While, in 2021, the Bank recognized AI as being a key enabler in fraud detection, credit 

scoring and early risk analytics, much of the technology investments made during the course 

of the year focused on enhancing the banks' digital infrastructure and providing the underlying 

framework for future large scale cloud integration. The Bank also applied machine learning 

tools to support the monitoring of transactions and the analysis of customers (JPMorgan 

Chase, 2021). 

In 2022, AI was implemented throughout the organization as part of the Bank's Applied 

AI and Machine Learning Group. As an organizational entity, the Group is charged with the 

responsibility of implementing enterprise grade AI solutions across the organizations' trading, 

compliance, and customer service business lines. One area in which AI is now used more 

extensively within the organization, is through the application of natural language processing, 

to increase the efficiency of the organization in managing documents internally, and to provide 

improved customer services using AI driven chatbots. The use of AI in these areas is 

consistent with a broader trend in the banking sector, as many banks have begun to implement 

AI enabled chatbots and mobile apps, as they look to use these types of applications to 

personalize their products and services, and to engage with their customers (Kaur et al., 2020). 

In 2023, the Bank's annual report indicated that AI will be increasingly used in trading 

optimization and portfolio management, and the Bank has already taken steps to enable the 

use of AI in these areas. Specifically, AI systems are now integral to the Bank's algorithmic 

trading models, and are capable of analyzing financial news and sentiment in real-time. 

Additionally, the Bank continues to apply natural language processing in new areas, such as 

compliance and legal functions, following the successful application of the COiN platform, 

which automated the review of complex contracts (JPMorgan Chase, 2023). This is consistent 

with a broader recognition in academic research that fraud detection and compliance are two 

of the most impactful uses of AI in banking, because of their reliance on behavioral data and 

predictive analytics (Kaur et al., 2020). 

Finally, the Bank's 2024 Annual Report marks a turning point in the Bank's AI strategy, 

with the first deployment of generative AI models, across compliance, fraud detection and 

internal operations. These models were also able to automate many tasks, and assist 

employees, who can use them to support their productivity. Generative AI models were also 

represented as a superior way to process unstructured data and to perform dynamic tasks, 

when compared to traditional machine learning approaches. As a result, AI is no longer viewed 

solely as a means to support current activities, but rather as a driver of long term strategic 

transformation, and is seen as fully aligned with the Bank's digital strategy (JPMorgan Chase, 

2024). Researchers suggest that the Bank's widespread adoption of AI represents a broader 

"Banking 4.0" paradigm, in which banking institutions evolve from branch based to digital first 

business models, which utilize predictive and adaptive technologies (Kaur et al., 2020). 
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Table 7 JPMorgan Chase AI Initiatives 2021-2024 

Year Key AI Initiatives 
2021 AI in fraud detection, credit scoring, and early risk analytics; machine 

learning for transaction monitoring and customer analytics 
2022 Formalization of Applied AI & Machine Learning group; expansion of natural 

language processing for document handling and chatbots 
2023 Deeper integration of AI in trading optimization and portfolio management; 

COiN platform for legal document review and compliance 
2024 Deployment of generative AI in compliance, fraud detection, and internal 

productivity; AI framed as a strategic driver in digital agenda 
Source. JPMorgan Chase & Co (2024), JPMorgan Chase & Co (2023), JPMorgan 
Chase & Co (2022), JPMorgan Chase & Co (2021) 
 

In conjunction with each other, the advancements seen during the period of 2021 

through 2024 illustrate JPMorgan’s transformation of incrementally implementing AI in fraud 

and risk analytics into an organization-wide strategy centered around generative AI. The 

transformations illustrate the increasingly mature application of AI within JPMorgan as well as 

the increasing trend of aligning with broader industry trends; the merging of AI and cloud 

computing is fundamentally changing the way companies create value for their customers and 

the way companies can be resilient operationally (Douglas & Christian, 2024). Simultaneously, 

the increasing dependency upon generative AI raises the need for governance, algorithmic 

bias, and regulatory oversight, areas of concern that academics indicate will define the next 

wave of financial innovation (Maple et al., 2023). As such, it has been noted by Kaur et al. 

(2020) that there is a necessity for AI implementation to find a balance between automation 

and user trust because there remains a group of users who value interacting directly with a 

human when utilizing a financial service..  

2.3 JPMorgan Chase's Implementation of Cloud Computing 

The increasing use of cloud computing has been one of the key elements of JPMorgan 

Chase's technology development and strategy and supports the principles of scalability, 

efficiency and resilience in the increasingly digitalized banking space. Between 2021 and 2024, 

the bank created a hybrid cloud model to combine public and private cloud services to meet 

both the needs for modernization and to comply with regulatory requirements. 

In 2021, cloud was seen as a strategic enabler to improve the bank's digital 

infrastructure and cyber security and to begin migrating workloads to allow greater flexibility 

and resilience in its operations. However, according to Vinoth et al. (2022), the major reasons 

why banks are adopting cloud technology include lower costs for IT and disaster recovery and 

business continuity. 
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As stated above, between 2022 and 2024 JPMorgan further developed its partnership 

with Amazon Web Services and Microsoft Azure to create a hybrid architecture that would 

enhance data management and enable real time analytics for regulatory compliance and 

decision making (JPMorgan Chase, 2022). This represents the dual role of cloud technology 

as both an efficiency tool and a base upon which to develop new technologies such as artificial 

intelligence (Cheng et al., 2022). 

By 2023, many of the critical systems at JPMorgan including trading systems, risk 

models and digital banking were being migrated to hybrid cloud environments (JPMorgan 

Chase, 2023). Although cloud technology enables improvements in task scheduling, 

scalability and auditability for managing risk (Zhang, 2022), there are also security and 

regulatory risks associated with using multi-tenant cloud solutions and relying on third parties 

to provide these services (Vinoth et al., 2022). 

Consistent with the need to address both operational and regulatory risks, JPMorgan 

also recognized the importance of maintaining robust cyber security and ensuring regulatory 

alignment as parallel priorities, consistent with the findings of Hon and Millard (2018). 

By 2024, JPMorgan had successfully integrated its hybrid cloud solution across all of 

its global operations allowing for the deployment of generative AI, real-time transaction 

monitoring and global digital banking services (JPMorgan Chase, 2024). The combination of 

cloud and AI is now considered to be the industrial backbone of modern finance (Douglas & 

Christian, 2024). 

For JPMorgan, the progression from 2021 through 2024 demonstrates the evolution of 

cloud technology from a modernization tool to a deep tech enabler of its innovation strategy. 

The progression during this time period illustrates how JPMorgan transitioned from cautious 

investments in infrastructure to the complete hybrid integration of cloud technology to support 

advanced analytics and AI driven services, while balancing the benefits of efficiency and 

innovation with the risks of external dependency and regulatory risk (Avram, 2014; Vinoth et 

al., 2022). 

 
Table 8 JPMorgan Chase Cloud Computing Initiatives 2021-2024 

Year Key Cloud Initiatives 
2021 Began framing cloud adoption as a foundation for modernization. Focus on digital 

infrastructure, cybersecurity, and gradual migration of workloads to cloud. 
2022 Expanded partnerships with AWS and Microsoft Azure to implement hybrid cloud. 

Emphasis on regulatory compliance, real-time analytics, and improved data 
management. 

2023 Migration of mission-critical workloads into hybrid environments. Integration of cloud 
into trading, risk modelling, and digital banking. Strong focus on cybersecurity and 
resilience. 
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2024 Significant progress embedding hybrid cloud globally. Cloud platforms supported 
generative AI, real-time transaction monitoring, and cross-border banking. 
Positioned hybrid cloud as essential for scalability and flexibility. 

 
Source. JPMorgan Chase & Co (2024), JPMorgan Chase & Co (2023), JPMorgan 
Chase & Co (2022), JPMorgan Chase & Co (2021) 
 

2.4 Analysis of JPMorgan Chase’s Integration of Artificial Intelligence and Cloud 
Computing Using Analytical Criteria Dimensions 

 

JPMorgan Chase’s incorporation of AI and Cloud Computing is an example of how 

JPMorgan is attempting to use technology to enhance its core operational capabilities for 

financial services; however, whether or not the investments are truly examples of deep-tech 

will depend upon how well they align with the three key dimensions of value innovation, 

customer orientation, and technological maturity. This section will use the analytical framework 

that was previously identified in the study to analyze JPMorgan's strategy for both the benefits 

and limitations of its approach. 

Innovation & Value Creation 

• Increasing industry factors: JPMorgan's investment in technology is greater 

than that of its competitors; in fact, the bank spends over $12 Billion per year 

on the development of AI, Cloud and Digital Infrastructure (JPMorgan Chase, 

2024). 

• Lowering industry factors: JPMorgan has reduced its dependence upon costly 

legacy IT and Physical Infrastructure by gradually moving workloads to Hybrid 

Cloud (JPMorgan Chase, 2022). 

• Eliminating obsolete practices: JPMorgan replaced the antiquated practice of 

siloed data management with scalable architectures that provide real-time 

analytics and regulatory reporting capabilities (JPMorgan Chase, 2023). 

• Creating New Practices: JPMorgan has developed Generative AI Initiatives in 

Compliance, Trading Optimization, and Personalized Services creating new 

banking practices outside of the boundaries of traditional banking (JPMorgan 

Chase, n.d.-a). 

Conclusion: JPMorgan has been able to reshape the way it creates value through its 

use of AI and Cloud as described in Kim and Mauborgne's (1999, 2005) Value Innovation 

Loop by increasing its technological standards while eliminating obsolete technology and 

systems. That being said, due to the banks reliance on third party vendors for its use of AI and 
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Cloud there are strategic risks involved which limit its ability to operate autonomously (Avram, 

2014). 

Technological Depth & Maturity 

• Scalability through the Cloud : In addition to expanding their hybrid-cloud 

platform by adding AWS and Azure, JPMorgan migrated significant parts of its 

business (trading & risk) to the Cloud for scalability. 

• Seamless Integration of AI: The Cloud platforms allowed seamless integration 

of AI within all areas of Compliance, Fraud Detection, Productivity, and 

Customer-Facing Services. 

• Technology Readiness Levels: At an Enterprise-Wide level is a technology-

readiness indicator; however, due to dependence upon external providers for 

several Critical Systems, the company has not demonstrated complete internal 

ownership of these systems. 

• Governance and Security: The emphasis placed on layered cybersecurity & 

compliance are indicators that JPMorgan recognizes the vulnerabilities in these 

areas; however, Multi-Tenancy and Data Localization Risks continue to exist. 

Conclusion: JPMorgan demonstrates maturity that exceeds incremental digitalization. 

It is aligning with deep-tech transformation through scalable cloud and embedded AI.  

Long-term resilience depends on transparent governance and reducing dependency 

on external provider (Hon & Millard, 2018; Mancuso et al., 2025). 

Knowledge & Ecosystem 

• Research & Development (R&D) investment: Although JPMorgan invests 

heavily into technology, it spends mostly for applied technology deployments, 

rather than to create new and fundamental R&D breakthroughs. 

• Intellectual Property (IP) Strategy: As opposed to using patented inventions in 

AI or cloud, JPMorgan's innovations rely on partnerships to develop its 

innovative products and services through an ecosystem of other organizations. 

• Partnerships: Through strategic alliances with AWS, Microsoft, fintech 

companies, and academic institutions; JPMorgan accelerates the 

implementation of its new technologies but also dilutes its ownership of 

knowledge and therefore potentially its ability to be independent for a long 

period of time. 
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Conclusion: JPMorgan uses an ecosystem well to implement its new technologies, 

however it has very little control over the proprietary deep-tech knowledge that creates these 

new technologies, creating long term questions about how dependent the company will remain 

on others for this knowledge. This demonstrates characteristics of the "Hybrid Deep Tech" 

model where knowledge is developed and/or resides both inside and outside the organization 

(European Commission, 2022). 

Impact & Sustainability 

• Efficiency: JPMorgan has achieved cost reductions through improved 

efficiency via AI automation in fraud prevention, compliance and legal review, which 

have enhanced their cost to income ratios. 

• ESG integration: JPMorgan have stated that they will integrate ESG into their 

lending and investment activities, there appears to be little development as yet of 

integrating AI for the purpose of ESG assessment. 

• Sustainable cloud: it is true that cloud computing can be used to improve the 

energy efficiency of data centres. However, whilst cloud computing reduces the need 

for expensive hardware on-site, there are ongoing concerns regarding the potential 

negative impact on the environment caused by the high level of power required by 

large scale AI applications. 

 

Conclusion: JPMorgan are achieving efficiencies from the use of AI and cloud 

services, improving their competitive advantage. However, their use of ESG appears to be 

limited at present, and therefore so too does the environmental sustainability of their use of 

large-scale deep-tech. (Aqmala et al., 2025; Vinoth et al., 2022). 

2.5 Artificial Intelligence and Cloud Computing Integration Analysis: HSBC Case 

 

HSBC Holdings represents one of the largest and most interconnected financial 

institutions in Europe, with assets totaling in excess of 2.6 trillion EUR in 2024, and is therefore 

ranked as one of the most systemically important banks across the globe (HSBC, 2024). In 

contrast, while JPMorgan Chase has a significant footprint in the U.S., HSBC's operational 

reach encompasses 60+ countries, positioning HSBC as an internationally connected bank. 

This global connectivity demands technologies capable of supporting both cross 

border transactions, numerous and complex regulatory requirements and varied customer 

needs. 



 37 

While HSBC is larger than many of its European counterparts (BNP Paribas, Crédit 

Agricole, Deutsche Bank), HSBC differs from them in its strategic focus on technology and 

cloud-based partners to effectuate its digital transformation strategy. Like JPMorgan Chase, 

the size of HSBC creates it as a relevant example to study the adoption of deep-tech in 

banking and how this impacts both the regulatory and cultural environment of the European 

Union. 

The strategic use of both Artificial Intelligence  and cloud computing, as demonstrated 

through its multi-year commitment to developing digital infrastructure using AI-driven 

compliance systems, hybrid cloud solutions and others demonstrate a long-term commitment 

by the bank to enhance the efficiency of its operations, however, more importantly, to create 

an element of resiliency in a rapidly evolving and increasingly regulated financial services 

landscape where customer expectations continue to evolve at a rapid pace (Cheng et al., 

2022; Hon & Millard, 2018). 

 

Table 9 Comparative Total Assets of Leading European Banks 
Bank Total Assets (EUR trillions) Source 
HSBC (UK) 2.64 HSBC (2024) 
BNP Paribas (France) 2.59 BNP Paribas (2024) 
Crédit Agricole (France) 2.48 Crédit Agricole (2024) 
Deutsche Bank (Germany) 1.34 Deutsche Bank (2024) 

Source: HSBC (2024), BNP Paribas, (2024), Crédit Agricole (2024), Deutsche Bank (2024) 
 

HSBC's way of using and adopting deep technology is different from other US based 

financial institutions. Other US based financial institutions can take advantage of their close 

relationship to the cloud hyperscalers and they have more flexibility in the regulations than 

their European counterparties. On a contrary, European financial institutions have to work 

under a more restrictive legal frameworks and are bound by strict privacy laws that dictate 

how quickly a bank can adopt new technologies. As a result, for HSBC, it has been a matter 

of striking a balance between being innovative and complying with regulation, which resulted 

in a incremental approach to integrating AI into fraud detection, AML/KYC procedures, and 

personalized customer experiences and to advance hybrid cloud solutions in conjunction with 

large scale cloud providers like Google Cloud and Microsoft Azure (HSBC, 2024). 

Because of these factors, HSBC provides a particularly relevant example for studying 

how European banking organizations develop strategies to manage both the opportunities and 

challenges of adopting deep technology. The next several paragraphs will evaluate HSBC's 

use of artificial intelligence and cloud computing and analyze the bank's integration strategy 

through the lens of the analytical dimensions of the prior section of this research. 
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Table 10 HSBC Technology and AI/Cloud Investments 2021-2024 

Year Technology Investment 
(USD Billion) 

AI & Cloud Focus 

2021 Approx. 5.8 AI in AML/KYC, early cloud 
migration pilots 

2022 Approx. 6.0 Expanded AI in fraud 
detection and compliance 
Cloud partnerships  

2023 Approx. 6.3 Hybrid cloud integration 
with Google Cloud and 
AWS 
AI chatbots and credit risk 
tools 

2024 Approx. 6.5 Enterprise-wide AI 
deployment incl. generative 
AI 
Hybrid cloud scaling global 
operations 

Source: HSBC (2021), HSBC (2022), HSBC (2023), HSBC (2024), 
 
 
 

2.6 HSBC’s Implementation of Artificial Intelligence 

 

From 2021-2024, HSBC further developed their usage of AI, with an increasing focus 

on compliance, fraud prevention and customer interaction. The progression of their AI 

development mirrors both the opportunity and limitation of developing new technologies in a 

heavily regulated European environment, where technological innovation must be managed 

alongside the need for compliance with data privacy regulation and the minimization of 

systemic risk. 

In 2021, HSBC identified AI as a strategic enabler in the fight against financial crime 

and in complying with regulatory requirements. HSBC utilized AI to enhance the effectiveness 

of their Anti-Money Laundering (AML) and Know Your Customer (KYC) systems by using AI 

to identify unusual trends and patterns within high volume transactions (HSBC, 2021). In 2021, 

AI was primarily viewed as an operational requirement for HSBC rather than as a means to 

drive customer facing innovations. 

In 2022, HSBC used AI to develop systems for detecting fraudulent transactions and 

monitoring transactions in real-time, and for implementing early-stage customer 

personalization through their digital banking channels. HSBC's annual reporting demonstrated 

how AI driven analytics enhanced both their compliance functions and digital banking services 

(HSBC, 2022), which supports what academic research has identified as one of the primary 
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uses of AI in banking; i.e., reducing systemic risk while enhancing the efficiency of service 

delivery (Cheng et al., 2022). 

By 2023, HSBC stated that AI had been integrated at a higher level into their front 

office services. They implemented chatbots and virtual assistants across their mobile and 

online services, providing customers with personalized financial information and enhancing 

their customer experience. Additionally, AI supported credit risk assessments and portfolio 

monitoring, demonstrating that AI technology was being integrated into strategic decision 

making processes beyond compliance (HSBC, 2023). The increased integration of AI 

technology into customer facing services by HSBC reflects an emerging industry-wide trend 

toward utilizing AI technology as a key component of digital first business models in the 

banking sector (Douglas & Christian, 2024). 

As of 2024, HSBC began integrating generative AI applications into their internal 

operations, including document management and supporting employee productivity. HSBC's 

2024 annual report also described the continued expansion of AI technology in retail banking 

and corporate advisory services, further solidifying AI technology as a central element of their 

global digital strategy (HSBC, 2024). Although there are still many unresolved questions 

regarding the implementation of AI in financial institutions, researchers have noted the 

potential risks of algorithmic bias in AI decision-making, and the need for greater transparency 

in AI decision making processes as necessary elements for establishing public trust in the use 

of AI in financial services (Maple et al., 2023). 

 
Table 11 HSBC AI Initiatives (2021-2024) 

Year Key AI Initiatives 
2021 AI-enhanced AML and KYC systems; AI for large-scale transaction 

monitoring 
2022 Expanded AI in fraud detection and compliance; early-stage 

customer personalization in digital banking 
2023 Deployment of chatbots and virtual assistants; AI in credit risk and 

portfolio monitoring 
2024 Generative AI in internal operations and compliance; AI-driven 

personalization in retail and corporate banking 
Source: HSBC (2021), HSBC (2022), HSBC (2023), HSBC (2024) 
 
Collectively, HSBC's path shows an incremental transition from using AI as a 

compliance-based tool in 2021 to being an enterprise-wide enabler of digital transformation 

by 2024. While compared to JPMorgan Chase, HSBC's use of AI has been much more 

measured and guided by regulatory requirements than its U.S.-based competitor; nonetheless, 

HSBC also exemplifies the deep-tech model that seeks to embed systematic, scientifically 

driven innovations in banking processes. The development illustrated here reflects how 

European banks balance governance considerations with innovation opportunities, and further 
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illustrate the trade-offs between potential efficiency enhancements and the need for 

transparency and accountability in the introduction of deep tech. 

 

2.7 HSBC’s Implementation of Cloud Computing. 

HSBC has placed cloud computing at the heart of its long term digital transformation, 

which it views as necessary to achieve operational efficiency, resilience, and innovation. In 

terms of the bank's use of cloud between 2021-2024, HSBC has gradually implemented its 

hybrid cloud model, as well as the regulatory demands of operationally conducting across 

multiple countries and jurisdictions. 

The primary way HSBC viewed cloud adoption in 2021, was through its efforts to 

modernize and improve efficiencies in how it does things, in addition to mentioning 

investments made by the bank in digital infrastructure, cybersecurity and the progressive 

transition of selected workload to the cloud, HSBC noted it operated in a highly regulated 

environment (HSBC, 2021), and therefore did not have the ability to rapidly or dramatically 

change its core, mission-critical systems. 

Although HSBC had been collaborating with large cloud providers since 2021, 

specifically with Google Cloud and Amazon Web Services (AWS), by 2022, the bank had 

significantly increased the number of relationships with these companies. These new 

partnerships furthered HSBC's hybrid model of using private cloud-based systems for handling 

sensitive information and scalable public cloud based systems for use with analytics, customer 

facing platforms, etc. (HSBC, 2022). Additionally, the bank recognized cloud as a key enabler 

of effective data management and real-time analytics, especially in relation to compliance and 

regulatory reporting. There are many academic studies, including those conducted by Cheng 

et al., (2022), that note cloud technology is not only a tool used to enhance efficiency; however, 

cloud is a strategic base for the deployment of other advanced technologies such as artificial 

intelligence. 

In its 2023 annual report, HSBC indicated that it had made significant advancements 

in integrating cloud-based technology into the operational aspects of the bank. Specifically, 

payments processing infrastructure, global risk management and customer-facing platforms 

were being migrated to hybrid cloud environments (HSBC, 2023). As the bank continued to 

expand the use of cloud-based technologies to support mission-critical operations, HSBC 

emphasized the importance of ensuring the security and resiliency of those technologies. 

Additionally, HSBC emphasized its focus on compliance with regulations specific to each of 

the jurisdictions in which it operates. Similar to many other banks and financial institutions, 

Hon and Millard (2018), argue that regulatory frameworks play a role not only in shaping the 
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rate at which cloud-based technologies are adopted, but also the architectural design of those 

technologies. 

In its 2024 annual report, HSBC reported that it had made considerable advancements 

in deploying cloud-based solutions across all facets of its global business. Specifically, the 

bank's hybrid cloud-based platforms were being utilized to support the development and 

implementation of AI-based compliance monitoring tools, personalized digital services and 

cross-border transaction capabilities (HSBC, 2024). The bank's narrative on the use of cloud-

based technologies was not limited to highlighting their use as a tool for modernizing traditional 

banking processes, but emphasized the use of cloud as the structural backbone for developing 

innovative products and services that can be scaled to meet the needs of diverse markets. 

Scholars such as Douglas and Christian (2024), argue that the convergence of cloud-based 

technologies and AI represents the industrial backbone for the financial services industry and 

will enable banks and other financial service providers, such as HSBC, to develop and deploy 

real-time, adaptable and data-intensive applications globally. 

Overall, HSBC's transition from piloting cloud-based technologies in 2021 to 

implementing an enterprise wide hybrid cloud strategy in 2024 represents a strategic shift from 

using digitalization as a tool to improve the operational efficiency of the bank to deep tech 

integration to support the ongoing development of the bank's transformation strategy. Due to 

HSBC's global reach, the bank is required to continually balance innovation with operational 

and regulatory risks. While these factors may present challenges, they do not hinder the bank's 

use of cloud-based technologies as a fundamental component of its transformation strategy 

due to the bank's size and scope of operation. 

 

 
Table 12 HSBC Cloud Computing Initiatives 

Year Key Cloud Initiatives 
2021 Framed cloud adoption as part of modernization and 

efficiency strategy. Investments in infrastructure, 
cybersecurity, and early cloud workload migration. 

2022 Expanded partnerships with Google Cloud and AWS. 
Advanced hybrid model combining private cloud for sensitive 
data with public cloud for analytics and customer services. 

2023 Scaled cloud integration into mission-critical workloads 
(payments, risk management, customer platforms). Strong 
emphasis on cybersecurity and regulatory compliance. 

2024 Cloud embedded across global operations. Hybrid platforms 
supporting AI-driven compliance, personalization, and cross-
border digital services. 

Source: HSBC (2021), HSBC (2022), HSBC (2023), HSBC (2024) 
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2.8 Analysis of HSBC’s Integration of Artificial Intelligence and Cloud Computing 
Using Analytical Criteria Dimensions 

The integration of artificial intelligence and cloud computing at HSBC reflects a gradual 

but deliberate adoption of deep technologies, shaped strongly by European regulatory and 

cultural frameworks. The following analysis applies the analytical criteria dimensions outlined 

in this study to assess HSBC’s strategic direction. 

Innovation & Value Creation 

• Raising industry factors: HSBC bank increases investments in AI driven 

compliance elements such as, AML,KYC, fraud detection. It enables benchmark 

setting across Europe 

• Lowering industry factors: Reduced need of old legacy systems. Reducing 

branch heavy operations by optimizing digital and hybrid models 

• Eliminating obsolete practices: moved away from fragmented and complicated 

compliance monitoring systems, consolidating reporting through AI enabled analytic 

and telemetry. 

• Creating new practices: AI driven chatbots and generative AI for documentation 

have been introduced, reshaping customer interaction and internal operations. 

Conclusion: HSBC has demonstrated improved efficiency through the implementation 

of AI and cloud based solutions, and has initiated efforts to incorporate ESG considerations 

into their decision-making processes. However, HSBC has yet to demonstrate a commitment 

to sustainability, and thus leaves open questions regarding whether HSBC's transformation 

represents a long-term deep-tech strategy, or merely a regulatory driven modernization 

process (Aqmala et al., 2025). 

Technological Depth & Maturity 

• Cloud scalability: In order to grow globally, cloud scalable partnerships were 

established with Google Cloud and AWS. The adoption rate of hybrid solutions has 

been much lower outside of the US than inside the US. 

• AI integration: Ai is being used throughout the organization, primarily within 

compliance, transaction monitoring, and customer experience/personalization. It will 

be a slow progression into using Generative Ai for operational purposes.   

• Technology readiness levels: While there are AI based products being 

deployed on an incremental basis at HSBC, they have yet to achieve technology 

readiness level of full-scale transformation via deep-tech methods. 
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• Governance and security: HSBC's strong adherence to European Union's 

General Data Protection Regulation (GDPR) and other financial regulations 

demonstrates a high level of governance maturity. Unfortunately, this has limited the 

organization from exploring new forms of experimental innovation as well as moving 

rapidly to market with new deep-tech innovations. 

Conclusion: HSBC has demonstrated significant technical depth; however, it is limited 

by the restrictive nature of European regulatory environments. Therefore, HSBC's 

adoption of new technologies has been more cautious than many of its global 

competitors (Hon & Millard, 2018; Cheng et al., 2022), thus demonstrating a higher 

level of risk aversion regarding the application of deep-tech methods for transformative 

innovation. 

Knowledge & Ecosystem 

• R&D intensity: The current R&D is focused on applied problem-solving as 

opposed to fundamental, long-term, or "deep" tech research. 

• IP strategy: HSBC has an IP strategy that focuses on partnership and 

collaboration with large scale service providers such and fintech companies versus 

creating its own proprietary innovations 

• Partnerships: effective implementation of services; however, it also limits 

HSBC's ability to retain ownership of the proprietary, "deep" tech intellectual property 

related to these services. 

Conclusion: HSBC can leverage external ecosystems successfully. However, this 

success is contingent upon the use of partnerships that limit HSBC's ownership of deep-tech 

intellectual property, and therefore limit the ability for HSBC to pursue a standalone deep-tech 

strategy (European Commission, 2022). 

Impact & Sustainability 

• Efficiency: Eenhanced through better AI and Cloud use for fraud detection and 

compliance monitoring which will lead to reduced costs associated with operational 

risk. 

• ESG integration: HSBC has been successful in integrating ESG in lending and 

investment portfolios; however, it has not utilized AI in an extensive manner to provide 

ESG scoring or track sustainability. 
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• Sustainable cloud: Energy efficient hybrid cloud operations are supported 

through the use of large scale AI technology; however, there are unaddressed 

environmental impacts from the large scale use of AI. 

Conclusion: HSBC has demonstrated efficiency and has aligned itself with ESG 

initiatives in its early stages; however, sustainability is largely aspirational as opposed to being 

fully integrated within its operating model. The implications for HSBC's transformation are 

twofold in that it raises questions regarding if HSBC's transformation constitutes a long-term 

deep-tech strategic plan or simply a regulatory compliant modernization plan (Aqmala et al., 

2025). 

HSBC also provides evidence that European banks utilize deep-tech innovations due 

to the dual pressures of regulatory compliance and customer expectations. HSBC's AI and 

cloud utilization is systematic, globally inclusive, and based on scientific principles; however, 

HSBC utilizes AI and cloud at a much slower rate and more conservatively than the U.S.-

based model of JPMorgan. The focus of compliance driven innovation by HSBC further 

illustrates a distinct trajectory of European bank adoption of deep-tech: a resilience based 

approach; a transparency based approach; a regulation based approach; however, this is less 

transformative than other models in relation to transforming customers' experiences. 

2.9 Artificial Intelligence and Cloud Computing integration Analysis: Danske Bank 
case 

 

Danske Bank is one of the biggest banks in the Nordic countries, with a total asset 

value of approximately DKK 3.7 trillion in 2024 (Danske Bank, 2024) operating primarily in 

Denmark, Sweden, Norway, and Finland with over three million customers. In recent years, 

Danske has transformed from a broad-based universal bank into a more focused Nordic bank 

focusing on its position as an important part of the Nordic banking system. 

While Danske Bank is smaller than its main competitors within the Nordics, Nordea, 

SEB and Swedbank in terms of size, its focus on digitalization and customer advisory services 

have been emphasized as the most important areas of growth for the bank. In January 2023, 

Danske launched its Forward '28 strategy that includes a renewed commitment to digitalization, 

customer-centric service delivery, and sustainability including a number of specific targets 

related to profitability, efficiency, and the distribution of excess capital (Danske Bank, 2023). 

The bank has identified digitalization and IT investments as a major area of focus and 

the bank has stated that while it will be investing less than many global banks (e.g., JPMorgan 

Chase or HSBC), it intends to differentiate itself in the Nordic market by being at the forefront 

of the application of artificial intelligence enabled customer interactions and the development 

of modernized hybrid-cloud infrastructures. As such, Danske Bank represents an interesting 
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case study for understanding how widespread the adoption of deep technology is in small but 

highly developed banking systems and how local regulatory environments and high levels of 

customer expectation influence the pace of digital innovation. 

As a result, Danske Bank represents a different type of AI and cloud adoption story; 

while large US and global banks utilize their massive scale to pilot and deploy deep tech 

solutions that create new industry-wide standards, Nordic banks like Danske show how a 

strategic focus on customer relationships, sustainability goals, and high levels of customer 

satisfaction can drive adoption of AI and cloud technologies in regional contexts. 

 

Table 13 Danske Bank Technology and AI/Cloud Investments 
Year Technology Investment (DKK 

billion) 
AI & Cloud Focus 

2021 Approx. 3.5 AI used in fraud detection, customer 
service chatbots; early hybrid cloud 
migration. 

2022 Approx. 3.8 Expansion of AI in credit scoring and 
compliance; stronger focus on 
cybersecurity; cloud modernization. 

2023 Approx. 4.0 Launch of Forward ’28 strategy; AI 
integrated into customer advisory tools 
and risk management; partnerships for 
cloud scaling. 

2024 Approx. 4.2 Enterprise-wide AI adoption including 
generative AI pilots; hybrid cloud 
embedded across Nordic operations. 

Source: Danske Bank (2021), Danske Bank (2022), Danske Bank (2023), Danske 

Bank (2024) 

2.9 Danske Bank’s Implementation of Artificial Intelligence 

 

The Danish banking leader - Danske Bank's embrace of artificial intelligence 

demonstrates the Nordic banking tradition of ongoing digitalization driven by favorable 

regulatory environments and a focus on delivering innovative customer experiences. While 

Danske Bank is significantly smaller than international giants like JPMorgan or HSBC, the AI 

initiatives of the Bank over the period 2021 - 2024 demonstrate a transition from an early stage 

of developing AI related compliance tools to a more developed level of creating AI-based 

applications directly accessible to customers. 

In 2021, Danske Bank focused on AI capabilities used to identify potential fraud and 

monitor compliance in relation to the bank's digital infrastructure modernization process. In 

addition, the annual report of the Bank stated the increasing importance of AI-driven chatbots 

in supporting customer service and the aggregation of data sources needed to create the 

foundation for future machine learning applications (Danske Bank, 2021). The reliance of 
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Danske Bank on AI in managing risk is consistent with research conducted by Kaur et al. 

(2020), which indicates that predictive models are among the first and most significant 

applications of AI in customer analytics and fraud prevention within financial services. 

By 2022, AI tools had become a central component of several critical processes of 

Danske Bank including credit scoring, KYC checks and AML systems (Danske Bank, 2022). 

The use of AI in these areas supports research conducted by Cheng et al. (2022), which states 

that banks generally implement AI to support the compliance requirements of regulatory 

agencies and simultaneously improve operational efficiency. Additionally, Danske's use of 

predictive analytics to enhance the accuracy of credit models is consistent with a broader 

industry trend of utilizing AI to mitigate borrower default risks. 

In 2023, in conjunction with the launch of the Forward '28 strategy, Danske positioned 

AI as a mechanism for improving customer experience through the development of AI-driven 

robo-advisory tools and predictive analytics to deliver personalized financial guidance. In 

addition, the Bank utilized AI to optimize portfolio management to further enhance investment 

services (Danske Bank, 2023). Similar to the research conducted by Mancuso et al. (2025), 

the development of AI-driven robo-advisory tools and predictive analytics enabled the 

transformation of the drivers of value creation in banking through the delivery of personalized 

and scalable solutions to customers. At the same time, Maple et al. (2023) warn that while 

personalization can increase engagement, it can also generate concerns related to the 

presence of bias in algorithms and the lack of explainability of these biases. These concerns 

have the potential to negatively affect customer trust if not appropriately addressed. 

In 2024, Danske Bank reported testing the application of generative AI in several new 

areas including document processing, regulatory reporting and customer advisory functions 

(Danske Bank, 2024). This marked a movement from incremental improvements in operating 

efficiency to a greater integration of AI into the strategic decision-making processes of the 

Bank. According to Douglas and Christian (2024), this integration of AI with digital 

infrastructures is a key element in the implementation of large-scale industrial transformations. 

However, they also point out that the integration of AI with digital infrastructures presents many 

governance and operational risk challenges. The move by Danske Bank to incorporate 

generative AI is a clear indication of the Bank's commitment to deep-tech trajectories; however, 

the relatively small scale of the Bank compared to larger global banks demonstrates the 

challenge faced by smaller institutions in fully leveraging the benefits of these technologies. 

In general, the AI strategy of Danske Bank illustrates both the opportunities and the 

limitations associated with the adoption of deep-tech in a Nordic country. The progressive 

nature of the Bank's AI adoption demonstrates that AI can be successfully integrated into 

compliance, risk management and customer service initiatives. However, the path of adoption 

also highlights limitations, including scale, dependence on third-party technology ecosystems 
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and unresolved issues surrounding algorithmic transparency and fairness. As noted by the 

European Commission (2022), achieving true deep-tech transformation will require not only 

the successful implementation of technologies but also the establishment of effective 

governance structures and system-wide resilience. While Danske's initiatives demonstrate 

progress, the overall impact is more incremental than systemic and position the Bank as a 

regional innovator rather than a global leader in AI adoption. 

 
Table 14 Danske Bank AI Initiatives 2021-2024 

Year Key AI Initiatives 
2021 AI applied in fraud detection and compliance monitoring; expansion of AI-driven 

chatbots for customer service. 
2022 AI integrated into credit scoring, KYC/AML monitoring, and predictive analytics for 

credit risk assessment. 
2023 Launch of Forward ’28 strategy; AI-driven robo-advisory and predictive analytics for 

retail customers; portfolio management support. 
2024 Generative AI pilots for document processing, regulatory reporting, and personalized 

customer advisory services. 
Source: Danske Bank (2021), Danske Bank (2022), Danske Bank (2023), Danske 

Bank (2024) 

2.10 Danske Bank’s Implementation of Cloud Computing 

Danske Bank’s cloud migration process represents both a desire to transform banking 

through technology, and the restrictions on banking operations imposed by regulation within 

the European Union. Between 2021 and 2024 Danske Bank developed a hybrid cloud model 

which provides a balance between scalability and compliance; cloud has become integral to 

many of Danske Bank’s core banking services. 

In 2021, the Annual Report stated that cloud computing would be one of the key 

foundations to enable digital transformation. The focus was to move non-mission critical 

workloads to the cloud, enhance security and ensure that the bank was compliant with EU 

Data Protection Regulations (Danske Bank, 2021). This incremental use of cloud computing 

is similar to what Vinoth et al. (2022) identified as a cautious but necessary stage for all banks. 

Banks deploy cloud initially to enhance disaster recovery and business continuity prior to 

extending it to mission critical processes. 

By 2022, Danske Bank had strengthened their partnership with Microsoft Azure, 

indicating that cloud computing will be used to enhance customer service delivery, data 

management, and scalability (Danske Bank, 2022). Like other banks, compliance remains a 

central element to these cloud projects and are consistent with Cheng et al. (2022) who assert 

that cloud computing can support two main objectives for banking organizations: efficiency 

and developing future capabilities such as Artificial Intelligence. 
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By 2023, cloud computing became a major component of Danske Bank's Forward '28 

strategy, outlining cloud computing as a means to deliver greater efficiency and innovation. 

Cloud migration expanded to include core banking functions allowing real time analytics and 

enhanced advisory services (Danske Bank, 2023). The bank also highlighted a desire to 

collaborate closely with fintech companies, illustrating Mancuso et al. (2025) assertion that 

digital ecosystems provide banking organizations with the capability to develop innovative 

products and services externally to their own R&D capabilities. However, as Hon and Millard 

(2018) illustrate, relying on third party cloud providers increases the complexity associated 

with meeting legal and regulatory requirements, particularly in international financial services. 

By 2024, Danske Bank indicated that cloud computing was now embedded throughout 

their global operation. Their hybrid cloud models were now supporting generative AI 

applications, cross border payment processing and sophisticated fraud detection (Danske 

Bank, 2024). The bank also indicated that their cloud infrastructure was supporting 

sustainability goals, as the concentration of resources onto cloud based platforms has resulted 

in a lower carbon footprint for their IT activities. This supports the assertions made by Aqmala 

et al. (2025) that sustainability and innovation are becoming increasingly aligned in banking 

strategies, and that cloud computing and AI are now forming a significant component of ‘green’ 

digital transformation. 

In total, Danske Bank’s cloud migration illustrates a transition from cautious 

experimentations with cloud to integrating cloud into core banking systems. Cloud is being 

positioned as a tool to modernize banking and to enable the development of advanced digital 

capabilities including generative AI, advanced analytics and sustainability objectives. 

Challenges still exist however. As Danske Bank relies on large international cloud providers 

(such as Microsoft), they create strategic dependencies, whereas the requirement to comply 

with EU regulations restricts their ability to adapt to changing circumstances. Similar to the 

European Commission (2022) statement, Danske Bank’s approach to cloud computing 

demonstrates elements of deep-tech transformation, however, due to the smaller size of the 

organization compared to the largest global players, Danske Bank are acting as a regional 

leader, applying deep-tech innovations to the heavily regulated banking industry. 
Table 15 Danske Bank Cloud Computing Initiatives 2021-2024 

Year Key Cloud Initiatives 

2021 Early migration of non-critical workloads; modernization of IT 

infrastructure; strengthened cybersecurity. 

2022 Expanded partnerships with Microsoft Azure; hybrid adoption for 

scalability and data management; strong compliance focus. 
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2023 Forward ’28 strategy emphasized cloud for efficiency and innovation; 

migration of core banking functions; support for real-time analytics 

and fintech integration. 

2024 Hybrid cloud fully embedded; platforms supporting generative AI, 

cross-border payments, and fraud detection; focus on sustainability 

and energy efficiency. 

Source: Danske Bank (2021), Danske Bank (2022), Danske Bank (2023), Danske 

Bank (2024) 

 

2.11 Analysis of Danske Bank’s Integration of Artificial Intelligence and Cloud 
Computing Using Analytical Criteria Dimensions 

 

The integration of artificial intelligence  and cloud computing at Danske Bank 

demonstrates how a Nordic financial institution pursues deep-tech adoption in a 

smaller but highly digitalized market. The following analysis applies the analytical 

criteria framework to evaluate how effectively Danske leverages AI and cloud 

technologies. 

Innovation and Value Creation 
• Danske utilized AI-based compliance monitoring, predictive analytics, and 

robo-advisory tools, thus increasing the standard of digital banking service within the 

Nordic Region (Danske Bank, 2022, 2023). 

• Lowering industry factors: By transitioning workload to Hybrid Cloud Platforms, 

the Bank eliminated its reliance on Legacy IT Infrastructure reducing costs and 

increasing efficiencies (Danske Bank, 2022). 

• Eliminating obsolete practices: Data Systems have been transitioned to 

Integrated Cloud Supported Infrastructures, the Bank has created the capability for 

Real-Time Reporting and Customer Analytics (Danske Bank, 2023). 

• Creating new practices: The Generative AI Pilots for Document Processing and 

Customer Advisory Services demonstrate the ability to create new functionalities that 

go beyond typical Banking Functions (Danske Bank, 2024). 

 

Conclusion:  Although the scope of Danske Banks efforts remain limited in 

comparison to larger global competitors, Danske Bank has altered value creation 

through strategic use of AI and Cloud Technologies. Danske's Strategy is aligned with 
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Kim and Mauborgne (1999, 2005) and creates a solid foundation for further industry 

impact however the current resource constraints will limit this potential. 
 
Technological Depth and Maturity 
• Cloud scalability: The hybrid cloud model used for payment processing, fraud 

detection, and customer analytics will be adopted by 2024 (Danske Bank, 2024), 

demonstrating the increasing maturity of cloud computing technology within Danske 

Bank. 

• AI integration: Within a period of three years, AI technology has developed 

significantly beyond its early application in the fields of fraud detection and Know Your 

Customer (KYC) monitoring; it is now being applied in predictive analytics and pilot 

projects involving generative AI (Danske Bank, 2021 – 2024). 

• Technology readiness levels: Although implementation has reached an applied 

level of maturity, there is a lack of investment in proprietary development of 

technologies, indicating that Danske Bank is reliant on other organizations for access 

to new or emerging technologies (Danske Bank, 2024). 

 

• Governance and security: Regulatory compliance with the EU’s regulatory 

frameworks has been emphasized repeatedly throughout the report, and this 

demonstrates that Danske Bank recognizes and understands the potential risks 

associated with their reliance on cloud-based technology and the requirements of data 

localization regulations (Danske Bank, 2022). 

 
Conclusion: incremental deep-tech transformation undertaken by Danske Bank 

represents an example of how cloud and AI can be employed to improve both the resilience 

and operational efficiencies of banking services; however, these benefits are offset by 

increased dependence on third-party organizations and, subsequently, decreased long-term 

autonomy (Hon & Millard, 2018). 

 

Knowledge and Ecosystem 
• R&D intensity: Danske’s investments are largely focused on applied AI and 

digital services, with limited emphasis on fundamental R&D. 

• IP strategy: Proprietary intellectual property remains limited, as innovation is 

primarily achieved through partnerships. 

• Partnerships: Collaborations with Microsoft Azure and fintech companies 

enhance speed of adoption but dilute control over technological knowledge. 
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Conclusion: The bank demonstrates strong reliance on ecosystems, which aligns with 

Mancuso et al. (2025), but this comes at the expense of independent innovation 

capacity. As the European Commission (2022) notes, such dependence raises 

questions about whether Danske fits a systemic deep-tech model or a hybrid approach. 

 
Impact and Sustainability 
• Efficiency: AI improved fraud detection, compliance monitoring, and customer 

personalization, contributing to stronger efficiency ratios (Danske Bank, 2023). 

• ESG integration: Cloud migration was linked to reduced IT environmental 

footprint, yet AI for ESG scoring and green finance innovations remain underdeveloped 

(Danske Bank, 2024). 

• Sustainable cloud: Hybrid solutions optimized energy use, but systemic 

sustainability of AI adoption has not yet been demonstrated. 

 

Conclusion: Danske Bank has implemented measurable efficiencies through use of 

AI and cloud technology. However, at this time Danske's ESG is still an emerging area within 

deep-tech. 

While Danske Bank may be considered a hybrid or regional deep-tech bank due to its 

incorporation of AI and cloud technologies to enhance its compliance, customer experience 

and operational capabilities; and its overall deep-tech strategy, it lacks significant resources 

to support its own R&D and relies heavily on outside vendors for many of its systems and 

applications which limits its ability to be classified as a fully developed deep-tech bank. 

 

2.12 Comparative Comparison of AI and Cloud Strategies as Deep-Tech Drivers in the 
Banking Sector 

 

After analysing the three selected cases - JPMorgan Chase, HSBC, and Danske Bank 

- an comparative evaluation can now be made across the analytical dimensions introduced 

earlier in this study. The purpose of this comparison is to identify how each institution 

approaches deep-tech adoption through AI and cloud computing, and to what extent they 

reshape value creation and delivery in the banking sector. The table below summarizes the 

findings for the first dimension, Innovation & Value Creation. 
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Table 16 Comparative evaluation of Innovation & Value Creation in JPMorgan, HSBC, and Danske Bank 

Value loop 
question 

JPMorgan Chase HSBC Danske Bank 

Which factors 
should be 
reduced below 
industry 
standard? 

Reduced 
dependency on 
costly legacy IT 
systems and 
physical 
infrastructure 

Lowered reliance on 
legacy IT systems and 
branch-heavy 
operations 

Reduced reliance on 
legacy IT infrastructure 
by migrating to hybrid 
cloud 

Which factors 
should be 
raised above 
industry 
standard? 

Significantly 
increased 
technology 
spending above 
peers. 

Raised standards in AI-
driven compliance and 
fraud detection 

Enhanced AI-driven 
compliance monitoring, 
predictive analytics, and 
robo-advisory tools 

Which industry 
practices 
should be 
eliminated? 

Eliminated 
traditional siloed 
data management, 
replacing it with 
scalable, 
consolidated 
architectures 

Abandoned fragmented 
compliance monitoring 
systems by 
consolidating reporting 
into AI-enabled 
analytics. 

Phased out siloed data 
systems, replacing them 
with integrated cloud 
infrastructures enabling 
real-time analytics and 
reporting  

What new 
elements 
should be 
created? 

Introduced 
generative AI 
initiatives in 
compliance, trading 
optimization, and 
personalized 
services 

Implemented AI-driven 
chatbots and generative 
AI tools for 
documentation, 
reshaping both 
customer interaction 
and internal processes. 

Developed generative 
AI pilots for document 
processing and 
customer advisory 
services, creating new 
capabilities beyond 
conventional functions  

Source: compiled by author, accordint to data from 2021-2024 Annual report of HSBC, 

Danske Bank, JP Morgan  

 

The comparison of the three banks shows how each bank uses Kim and Mauborgne's 

(1999, 2005) value innovation logic to both create new and eliminate old industry practice and 

to reduce or increase existing ones. JPMorgan is focused on using large amounts of 

technology funds and AI to innovate at the expense of other competitors; however, HSBC has 

taken an approach that primarily innovates through improving compliance efficiency and 

regulatory resiliency. Additionally, Danske Bank has also used this strategy but at a much 

smaller scale to improve customer advisory tools and predictive analytics for customers in 

their region. Together, these cases show different approaches to strategically use AI and cloud 

computing as deep-tech enablers, with U.S. and U.K. banks having greater impact globally 

than the Danish bank which is a prime example of regional specialization. 

To evaluate the selected banks based on the level of technological maturity, including 

cloud scalability, AI integration, and their readiness levels and governance, may help to 

establish a baseline for comparing the maturity of the three banks. 
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Table 17 Comparative evaluation of Technological Depth & Maturity in JPMorgan, HSBC, and Danske 
Bank 

Dimension JPMorgan Chase HSBC Danske Bank 
Cloud 
scalability 

Expanded hybrid cloud 
with AWS and Azure, 
covering mission-critical 
operations such as 
trading and risk 
management. 

Partnerships with 
Google Cloud and 
AWS; global scaling 
slower due to 
regulatory caution. 

Hybrid cloud 
adoption supported 
payments, fraud 
detection, and 
customer analytics 
by 2024. 

AI integration Enterprise-wide AI 
integration in 
compliance, fraud 
detection, productivity, 
and customer services. 

AI embedded in 
compliance and 
personalization, 
expanding into 
generative AI for 
operations. 

AI progressed from 
fraud detection and 
KYC toward 
predictive analytics 
and generative 
pilots. 

Technology 
readiness 
levels 

Deployment at 
enterprise-wide scale, 
though reliance on 
external providers limits 
ownership. 

Deployment remains 
partial and incremental 
rather than 
transformative. 

Applied maturity 
visible, but limited 
proprietary 
development creates 
dependency. 

Governance 
and security 

Strong cybersecurity and 
compliance frameworks, 
with risks tied to multi-
tenancy and localization. 

High compliance 
maturity under GDPR, 
but restrictive for 
experimental 
innovation. 

Compliance-driven 
governance 
emphasizes 
resilience under EU 
regulatory 
frameworks. 

Assessment Deep-tech 
transformation with scale 
and embedded AI, 
though autonomy risks 
persist. 

Technological depth 
present, but innovation 
is more incremental 
and regulation-driven. 

Incremental deep-
tech trajectory 
improving efficiency, 
yet constrained by 
external reliance. 

Source: compiled by author, accordint to data from 2021-2024 Annual report of HSBC, 

Danske Bank, JP Morgan  

 

The comparisons show that JP Morgan has the most advanced trajectory for using 

artificial intelligence and Hybrid Cloud at a high level of sophistication, as well as at scale, in 

all of its "mission critical" business functions; HSBC has a high level of technological depth, 

however, HSBC does not apply it as widely as JP Morgan because of regulatory constraints 

in Europe; and Danske Bank uses a "regional adaptation" strategy, which combines the use 

of applied AI, hybrid cloud, and robust governance, but, unlike JP Morgan and HSBC, Danske 

Bank is severely constrained in its ability to control its own "core systems." Together, the three 

case studies demonstrate how there can be a trade-off between deep technology 

transformation and the degree of external dependence in large-scale international versus 

smaller regional banking models. 

The comparisons among JPMorgan, HSBC and Danske Bank relative to knowledge 

creation, intellectual property and ecosystem leverage are shown in the following table. 
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Table 18 Comparative evaluation of Knowledge & Ecosystem in JPMorgan, HSBC, and Danske Bank 

 

Dimension JPMorgan Chase HSBC Danske Bank 
R&D 
intensity 

Large-scale 
investment, mainly 
applied deployment 
rather than 
fundamental research. 

Focus on applied 
technology rather than 
deep R&D. 

Investments 
concentrated on 
applied AI and digital 
services. 

IP strategy Ecosystem-driven 
innovation, limited 
proprietary patents in 
AI or cloud. 

Relies on hyperscale 
providers and fintech 
collaborations, little 
proprietary IP. 

Proprietary IP limited, 
with reliance on 
ecosystem 
partnerships. 

Partnerships Collaborations with 
AWS, Microsoft, 
fintechs, and 
universities. 

Strong alliances with 
cloud providers and 
RegTech firms. 

Collaborations with 
Microsoft Azure and 
fintechs. 

Assessment Hybrid deep-tech 
model, distributing 
knowledge across 
internal and external 
actors. 

Collaborative model of 
innovation, ecosystem 
dependence outweighs 
proprietary ownership. 

Ecosystem-driven 
adoption enhances 
agility but limits 
independent innovation 
capacity. 

Source: compiled by author, accordint to data from 2021-2024 Annual report of HSBC, 

Danske Bank, JP Morgan  

 

JPMorgan, HSBC, and Danske Bank all rely heavily on partnerships with hyperscale 

providers and fintechs, which accelerates implementation but dilutes proprietary ownership. 

While JPMorgan invests the most in applied technology, it remains dependent on external 

ecosystems for fundamental breakthroughs. HSBC’s collaborative strategy emphasizes 

regulatory alignment, whereas Danske’s hybrid model reflects both regional limitations and 

agility. Collectively, the findings indicate that banks increasingly adopt a distributed innovation 

model where ecosystems substitute for in-house deep-tech R&D. 

Evaluating the three banks by efficiency, ESG integration, and sustainable cloud 

adoption can be seen in the table below. 

 

Table 19 Comparative evaluation of Impact & Sustainability in JPMorgan, HSBC, and Danske Bank 

Dimension JPMorgan Chase HSBC Danske Bank 
Efficiency AI-driven automation 

improves compliance, 
fraud detection, and 
contract review. 

Fraud detection and 
compliance monitoring 
gains improve 
operational efficiency. 

Fraud detection, 
compliance, and 
personalization 
strengthen efficiency 
ratios. 
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ESG 
integration 

ESG-linked lending 
present, but AI-driven 
ESG scoring 
underdeveloped. 

ESG integrated into 
lending and 
investments, though AI 
use in ESG still 
emerging. 

Cloud migration 
reduced IT footprint, 
but AI for ESG and 
green finance remain 
limited. 

Sustainable 
cloud 

Hybrid cloud enhances 
efficiency, but large AI 
models raise 
environmental concerns. 

Hybrid cloud supports 
energy-efficient 
operations, though AI 
costs remain high. 

Hybrid solutions 
optimized energy use, 
but systemic 
sustainability not yet 
proven. 

Assessment Strong efficiency gains, 
partial ESG adoption, 
unresolved 
environmental costs. 

Efficiency and ESG 
alignment growing, but 
more regulatory-driven 
than transformative. 

Efficiency 
improvements 
achieved, but ESG and 
sustainability 
integration still modest. 

Source: compiled by author, according to data from 2021-2024 Annual report of HSBC, 

Danske Bank, JP Morgan  

 

AI and Cloud Adoption Has Created Measurable Efficiency Gains Across All Three 

Institutions, Especially In Compliance, Fraud Detection, and Customer-Facing Processes; 

However, ESG Integration Is Partial With Most Initiatives Focusing On Lending and Portfolio 

Management Rather Than AI-Driven Sustainability Metrics. Large-Scale AI Operations 

Produce Environmental Costs That Are Obstacles to Both JPMorgan and HSBC, While Hybrid 

Cloud Has Allowed Danske To Achieve Modest Progress in Energy Use Optimization. As Such, 

Sustainability Remains An Emerging Dimension of Deep-Tech Banking Transformation 

Rather Than A Fully Embedded Strategic Driver. 

After Reviewing the Selected Banks Through the Dimensions of AI and Cloud Adoption 

Using the Deep-Tech Framework It Became Apparent That All Three Institutions Represent 

Characteristics Of Deep-Tech and Have Made Significant Optimizations of Their Banking 

Operations. JPMorgan Represents the Highest Level of Maturity and Technological 

Development Among the Three Institutions and Serves as a Benchmark For Global 

Transformation. Conversely, HSBC and Danske Bank Represent Gradual But Meaningful 

Progress Toward Deep-Tech Integration Beyond Simple Digitalization. 

Overall, If Globally Recognized Banking Cases Align With the Deep-Tech Criteria of 

AI and Cloud Adoption, These Cases Can Be Used as a Reliable Reference Point For 

Evaluating Technological Transformation Within the Sector. Additionally, the Analyzed Banks 

Provide a Solid Foundation Upon Which Further Qualitative Research Can Be Conducted, i.e., 

Expert Interviews. An Expert Survey Conducted Subsequent to This Analysis Could Reinforce 

the Argument That the Identified Deep-Tech Dimensions Are Not Only Valid For the Selected 

Cases But Also Valid for More Broad-Based Assessments of Deep-Tech Transformation of 

Banking Institutions. 
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3. RESEARCH ON APPLYING QUALITATIVE CRITERIA TO EVALUATE AI AND 
CLOUD INNOVATION FOR CORE FINANCIAL OPERATIONS IN BANKING 

Both quantitative and qualitative research methodologies have been researched for 

this study. Quantitative research methodologies can provide an advantage over other 

methodologies if the aim of the study is to test established theory or measure existing 

constructs. According to Creswell, J. W and Creswell J. D  (2018) quantitative research studies 

rely on mathematical and statistical analysis that can present data in numerical form, most 

commonly through tables or graphs. A quantitative approach typically requires a large number 

of participants and utilizes structured tools such as close ended questionnaires. Accessing a 

sufficient population of participants with appropriate experience and trustworthiness in the 

area of AI and Cloud innovations in Banking may also prove difficult due to limited access to 

professionals who meet these criteria. 

Consequently, this study will use a qualitative approach. Qualitative methods allow 

researchers to develop a deep understanding of an issue, concept, or phenomenon, which 

makes them better suited to studying how organizations apply AI and cloud technology within 

their core operational functions. Creswell, J. W and Creswell J. D (2018), states that qualitative 

studies are ideal when researchers seek to explore concepts or generate new theories instead 

of testing existing ones. In this case, the researcher will collect data from a limited number of 

carefully selected subject matter experts using open-ended questionnaires to provide for the 

capture of rich descriptions of individual perspectives. Denzin and Lincoln (2018) further state 

that qualitative research seeks to understand the meanings people create about the world 

around them and to recognize the importance of context, and to interpret the ways in which 

people make sense of events in their lives. This emphasis on meaning making, context, and 

interpretation allows researchers to gain a deeper understanding of complex processes like 

technological disruption in banking. Additionally, Patton (2015) has highlighted the power of 

qualitative research methods in applied research, specifically when the goal of the research is 

to gather the judgments of experts; to identify the experiences of diverse populations; and to 

describe emergent practices. 

For this study a qualitative methodology was chosen, employing a questionnaire with 

eleven items (see Table 20), administered to experts, with opportunity for follow-up on any 

unclear question. The questionnaire follows general best practices drawn from leading 

qualitative research texts. According to Creswell & Poth (2018) and DeMarrais, et al. (2024), 

research with specialist respondents merits purposeful sampling to ensure participants have 

relevant experience and insight. Questions are framed clearly and concretely, avoiding 

double-barrelled or leading wording, and presented in logical sequence. The purpose of the 
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research is explained at the outset, and instructions are provided, following recommendations 

on instrument transparency and respondent motivation (Creswell & Poth, 2018). 

Approximately half of the questions are open-ended to allow for rich, nuanced feedback, 

consistent with guidance for exploratory qualitative work (DeMarrais et al., 2024). To ensure 

quality and validity, the instrument will be pilot tested, and data will be analysed through coding 

and thematic analysis, with member checking and reflexivity as criteria of trustworthiness 

(Denzin & Lincoln, 2023). Questions can be grouped into 4 categories (See Table 20) 

Table 20 Survey structure 

SECTION / THEME QUESTIONS 
Respondent 
Characteristics 

• Position in the banking sector  
• Experience in the banking sector 

AI and Cloud 
Technologies’ 
Contribution to Value 
Creation 

• To what extent do AI and Cloud contribute to value 
creation in core banking operations?  

• Please provide examples of how AI and Cloud 
technologies contribute to value creation for banks. 

Impact on Core Banking 
Operations 

• Which aspects of core banking are most impacted by 
AI and Cloud adoption, and why? 

Quality and Evaluation 
Criteria 

• How would you define a high-quality integration of 
deep-tech (AI and Cloud) in banking?  

• Which qualitative criteria should be used to evaluate 
the success of AI and Cloud integration in banking? 

Barriers and 
Constraints 

• What are the most pressing barriers to adopting AI and 
Cloud in banking?  

• In your opinion, how do regulatory requirements and 
compliance standards shape or constrain the 
integration of AI and Cloud in core banking 
operations? 

Technological Nature 
and Future Outlook 

• Do you see AI and Cloud implementation in banking 
as a disruptive deep-tech technology or as a gradual 
technological advancement?  

• Looking ahead, what do you believe will be the most 
critical success factors for the banking sector aiming to 
systematically integrate AI and Cloud into their core 
operations over the next five years? 

Source: compiled by author 

 

 

It is evident that questions in the questioner are related to AI and Cloud Innovations in 

banking, it explores it through the lens of deep-tech and relates to the issues described in 

theoretical part of this work 

Goal of the research - to gather expert knowledge on the application of deep-tech 

innovations in banking and to determine how core financial operations can be enhanced 

through the integration of Artificial Intelligence and Cloud technologies. The study aims to 
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identify the main challenges that arise in the process of integrating these technologies, to 

distinguish cases of successful implementation, and to establish qualitative criteria for 

measuring the success of deep-tech adoption within the banking sector. On the basis of the 

evaluation results, a framework will be proposed for addressing the most significant barriers 

to AI and Cloud integration in banking. 

 

Research Objectives 

1. To investigate expert opinions on whether Artificial Intelligence and Cloud 

innovations contribute to value creation in core financial operations of banks. 

2. To explore how deep-tech driven approaches, such as AI-Cloud integration, can 

be systematically applied to optimize financial processes. 

3. To define the concept of quality in banking operations in the context of AI and 

Cloud adoption. 

4. To identify the most important qualitative criteria for evaluating the 

effectiveness of AI and Cloud innovations in banking. 

5. To examine the main challenges and barriers encountered when implementing 

AI and Cloud technologies in core financial services. 

6. To assess expert views on whether AI and Cloud adoption in banking 

institutions represents a strong example of deep-tech transformation. 

7. To identify and distinguish best-practice cases of AI and Cloud innovation in 

the banking sector that can serve as benchmarks for future implementation. 

8. To develop a framework that addresses the challenges of AI and Cloud 

integration in banking, based on the evaluation of qualitative criteria. 

Object of the Research - The application of Artificial Intelligence and Cloud 

innovations in optimizing core financial operations in the banking sector. 

Organization of the Research 

The study took place over two weeks, beginning with 22 Sep and concluding 15 Oct. 

Employees working within the banking industry completed a questionnaire to collect data. Nine 

individuals provided input as part of this study; however, 8 participants were selected for the 

analysis to provide a sufficient amount of variability in their answers (Figure 5). 

The final sample represented a diverse range of roles, including Senior Cloud Engineer 

(DevOps Engineer), Cloud Engineer, IT Business Analyst, Business IT Analyst, Product 

Owner, User Experience Designer, Senior AML Officer, and Test Automation Engineer. This 
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diversity ensured that the collected data reflected multiple perspectives on the application of 

AI and cloud technologies across different banking functions. 

However, one survey was eliminated from the analysis, as participants did not fully 

complete questionaries and left majority of questions empty and answered vaguely. Thus, 

results will be analysed gathered from 8 experts. For confidentiality reasons, all participants 

were anonymized and coded with identifiers - P1, P2, and so on. All experts agreed to specify 

the occupied functions but not name of the Bank they are currently employed at. Participants 

were contacted personally, as well as through the corporate channels and introduced to the 

problem and goal of the research 

Experts were selected based on criterion-based sampling, to ensure that participants 

possessed direct and relevant expertise regarding the integration of Artificial Intelligence and 

Cloud technologies in the banking sector. Criterion sampling, as Creswell and Poth (2018) 

emphasize, is a form of purposeful sampling that ensures all participants meet a predefined 

set of characteristics necessary to address the research questions. In this case, experts with 

experience in working with Artificial Intelligence and Cloud technologies in the banking sector.  

Figure 3 Standard Deviation versus Number of experts 

 

Source: (Baležentis & Žalimaitė, 2011) 

Characteristics of survey respondents 

From the correspondent who were performing in the survey, eight experts have 

been chosen for final analysis. First question of the survey was meant for confirming 

correspondents’ positions. These were answers gathered: 

 

• P1 - Senior Cloud Engineer (DevOps Engineer) 

• P2 - User Experience Designer 

• P3 - Senior AML Officer 
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• P4 - Product Owner 

• P5 - Cloud Engineer 

• P6 - IT Business Analyst 

• P7 - Test Automation Engineer 

• P8 - Business IT Analyst 

 

3.1 Research data analysis 

 

 After confirming correspondents’ positions, second question was meant to determine 

experts experience in the banking sector.  

Second question: Your experience in the banking sector (See figure 4) 
Figure 4 - Experts experience in banking sector 

 

Source: compiled by author 

 

It is seen that majority of the experts - 5 have experience of more than 5 years. Three 

experts have experience of 3-5 years. None of the correspondents were in 0-2 years category. 

Thus, it is evident that experts surveyed were experienced and represented senior experts’ 

opinions. 

 Third question: To what extent do Artificial Intelligence and Cloud technologies 

contribute to value creation in core banking operations?  

The expert responses (Figure 5) indicate strong agreement that AI and Cloud 

technologies significantly enhance value creation in core banking operations. These findings 

align with academic literature emphasizing that such technologies drive operational efficiency 

and innovation within the sector. Overall, the results confirm that AI and Cloud adoption 

contributes meaningfully to value generation in banking. 

Experience in the banking sector

5+ Years 2-5 Years 0-2 Years
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Figure 5 - Experts answers to “To what extent do AI and Cloud technologies contribute to value creation 

in core banking operations?” 

 
Source: compiled by author 

 

Fourth question: Please provide examples how AI and Cloud technologies contribute 

to value creation for the Banks 

 
Table 21 Experts answers on Fourth question categorised by theme 

Theme Example from Experts Key Insight 
Operational 
efficiency 

Experts highlighted that AI reduces 
manual workload and accelerates 
internal processes, allowing teams to 
focus on innovation (P1, P3, P7). 

Automation of manual tasks 
leads to significant time and 
cost optimisation. 

Scalability and 
agility 

One expert explained that “Cloud 
makes us faster and more flexible; 
new environments can be launched in 
hours” (P4). Other participants 
confirmed similar experiences (P6, 
P8). 

Cloud infrastructure enables 
quick product deployment 
and supports digital 
transformation. 

Fraud detection 
and risk 
management 

Participants stated that AI solutions 
enhance fraud detection and credit 
scoring accuracy, improving the 
reliability of financial systems (P3, P5, 
P6). 

AI-driven predictive analytics 
strengthen security and 
reduce financial losses. 

Customer 
experience 

Respondents mentioned that AI 
chatbots and automation tools enable 
faster customer support and improved 
satisfaction (P1, P2, P4). 

AI enhances service quality 
and customer engagement 
through personalised and 
rapid interaction. 

Innovation and 
integration 

Experts noted that cloud platforms 
help integrate data across 
departments, enabling more informed 
decision-making (P4, P8). 

Combined use of AI and 
Cloud fosters innovation 
through data-driven insights 
and system integration. 

Very 
significantly; 

1

Significantly; 
5

Moderately; 
2

Slightly; 0Not at all; 0

Very significantly Significantly Moderately

Slightly Not at all
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Governance 
awareness 

None of the experts explicitly 
addressed AI ethics or accountability, 
though operational and financial 
benefits were widely emphasised (all 
participants). 

Ethical and governance 
evaluation remains 
underdeveloped compared to 
operational and financial 
metrics. 

 

 

As seen in Table 20, finding show and support literature’s view that AI and Cloud 

technologies are see as key drivers of value creaton in core banking processes. Futhermore, 

findings identify main themes - operational efficiency, scalability, fraud detection, customer 

experience, and innovation - align with the digital transformation factors described by Avram 

(2014), Hon and Millard (2018), and Cheng et al. (2022). Experts frequently cited cloud 

technology as enabling faster development cycles and greater flexibilit on how workload can 

be split. One participant explained that the Cloud “makes us faster and more flexible; new 

environments can be launched in hours instead of weeks,” highlighting its role in accelerating 

product deployment (P4). Others mentioned that scalable systems maintain performance 

during peak transaction periods (P6, P8). Similarly, AI was widely recognised for improving 

compliance, fraud detection, and service delivery. Several experts stated that AI “reduces 

manual workloads and increases accuracy in fraud detection,” freeing time for innovation and 

customer engagement (P1, P3, P7). Compliance specialists (P3, P5, P6) added that AI 

supports the detection of suspicious transactions, consistent with Mirishli’s (2024) findings. 

Customer facing AI tools such as chatbots were also said to improve accessibility and 

responsiveness (P1, P2, P4). However, none of the participants raised issues of fairness or 

accountability, suggesting that while banks focus strongly on efficiency, ethical governance 

remains underdeveloped. Overall, both literature and empirical evidence indicate that AI and 

Cloud technologies work together to enhance scalability, accuracy, and innovation. 

 

Fifth question: Which aspects of core banking operations (such as payments, 

compliance, credit risk, fraud detection, customer service, or back-office efficiency) are most 

impacted by AI and Cloud adoption, and why? 

Survey revealed several recurring themes regarding the operational areas most 

affected by Artificial Intelligence and Cloud technologies. Table 21 illustrates the five main 

themes that emerged from the analysis, showing how both technologies jointly influence 

critical aspects of core banking operations. These thematic categories were derived through 

inductive coding of expert responses and reflect the areas where digital transformation is 

perceived as most tangible. 
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Table 22 – key themes and insights on which aspects of core banking operations are most impacted by 

AI and Cloud adoption, and why? 

Theme Illustrative Expert Statements Key Insight 
Compliance and 
Risk 
Management 

“Compliance is a huge topic where AI 
can really shine and help us” (P1). “AI 
helps detect fraud, improve 
compliance checks, and reduce 
manual work” (P4). 

AI automates compliance 
reporting and enhances 
accuracy in regulatory and 
credit risk processes. 

Fraud Detection 
and Security 

“Fraud detection is being improved 
every day with AI and Cloud” (P3). “AI 
helps to find patterns in customer 
behaviour and risks” (P6). 

AI-driven analytics strengthen 
security through real-time 
detection and proactive risk 
monitoring. 

Back-Office 
Efficiency and 
Automation 

“Back-office efficiency is most 
impacted; new tools are introduced 
almost weekly” (P2). “Cloud improves 
back-office performance, making 
systems faster and scalable” (P5). 

Cloud-based automation 
increases operational speed, 
reduces costs, and enhances 
workflow reliability. 

Customer 
Service and 
Experience 

“Chatbots and virtual assistants make 
it easier to handle routine requests 
24/7” (P3). 

AI enhances accessibility, 
responsiveness, and 
personalisation in customer 
interactions. 

Data Analytics 
and Decision-
Making 

“AI and Cloud change how we 
manage data and customer 
processes; together they improve 
decision making” (P6). 

Integration of AI and Cloud 
promotes data-driven 
decision-making and cross-
departmental collaboration. 

Source: compiled by author 

 

The analysis indicates that compliance and risk management, fraud detection, back-

office efficiency, customer service, and data-driven decision-making are the most substantially 

impacted domains. Consistent with what literature suggests (Avram, 2014; Cheng et al., 2022; 

Mirishli, 2024), participants described AI and Cloud as complementary tools - AI enhancing 

analytical and decision-making capabilities, and Cloud providing the scalability and 

infrastructure needed to operationalise these improvements. Compliance, credit risk, and 

fraud detection were viewed as high-priority areas for automation and accuracy, while Cloud-

driven back-office efficiency was frequently cited as a visible and immediate improvement. 

These answers also mark and confirm architecural correlation between cloud computing and 

AI (see figure 6) that was mentioned in literature as something that extends beyond 

operational convenience and provides modularity, allowing AI-based innovations to be scaled 

across diverse banking channels (Legapriyadharshini et al., 2024). 
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Figure 6 Key themes correlation for aspects of core banking operations 

 

 

 
Source: compiled by author 

Sixth question: How would you define a high-quality integration of deep-tech (AI and 

Cloud) in banking? 

Experts’ responses to this question can be grouped and aggregated into key points for 

high-quality integration of deep-tech (Table 23) 

 
Table 23 Main points to define high quality integration of AI and Cloud in banking as a deep tech 

High quality integration aspects 
High-quality integration is characterised by fully automated, streamlined processes that 
eliminate repetitive manual work and increase operational efficiency. 
AI enables data-driven decision-making that enhances compliance, risk management, and 
customer insight accuracy. 
Cloud computing ensures scalability, resilience, and cost-efficient resource use, supporting 
continuous system performance. 
Integration quality depends on alignment between technological capabilities and business 
objectives, ensuring technology delivers measurable value. 
Security, compliance, and reliability must be built into systems from the beginning to 
ensure stability and regulatory trust. 
Successful integration requires organisational readiness and collaboration across IT and 
business teams. 

Better customer 
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Data analysis 
and decision 

making
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High-quality integration is achieved when technology is practical, dependable, and 
improves real processes rather than serving as a novelty. 

 

Source: compiled by author 

 

From experts’ opinions it is seen that high quality integration of AI and Cloud 

technologies in the banking sector is seen as the achievement of automation, scalability, and 

data driven decision making that align technological capabilities with business goals while 

ensuring security, reliability, and real operational value. 

 

Seventh question: Which qualitative criteria should be used to evaluate the success 

of AI and Cloud integration in banking?  

Furthermore, survey tried to identify what experts think are the qualitative criteria that 

could be used to evaluate the success of AI and Cloud integration in banking. After collecting 

answers, they were compares to evaluation criteria mentioned in Chapter 2 (see Table 5). 

Figure 7 illustrates frequency of key criteria selected by experts illustrating that operational 

efficiency, scalability and flexibility, and risk management and compliance emerged as the 

most frequently cited factors 
 

Figure 7 Frequency of key qualitative criteria selected by experts 

 
Source: compiled by author 

 

These findings closely align with the secondary research evaluation framework 

developed in Chapter 2; however, it is important to empathise and put more focus on 

Operational efficiency as this was the most important criteria selected by experts.  
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Table 24 Analytical links to evaluation framework and experts answers 

Qualitative 
Evaluation 
Criterion 

Frequency 
(No. of 

Experts) 

Related Evaluation 
Dimension 

Analytical Link 

Operational 
efficiency 

8 Innovation & Value 
Creation 

Seen as the main indicator of 
successful integration through 
automation, faster processes, 
and reduced costs. 

Scalability and 
flexibility 

7 Technological 
Depth & Maturity 

Reflects technological 
adaptability and efficient use of 
cloud resources under varying 
operational loads. 

Risk 
management 
and compliance 

7 Technological 
Depth & Maturity 

Highlights governance and 
regulatory reliability of AI and 
Cloud systems in sensitive 
financial operations. 

Cybersecurity 
and data 
protection 

6 Technological 
Depth & Maturity 

Emphasises trust and system 
resilience as key aspects of 
sustainable deep-tech 
adoption. 

Customer 
experience and 
trust 

6 Innovation & Value 
Creation / Impact & 
Sustainability 

Demonstrates AI’s role in 
personalisation, service quality, 
and digital confidence. 

Innovation 
capacity 

5 Knowledge & 
Ecosystem / Impact 
& Sustainability 

Reflects how banks leverage AI 
and Cloud for continuous 
innovation and long-term 
competitiveness. 

Source: compiled by author 

 

Eight question: What are the most pressing barriers to adopting AI and Cloud in banking? 

 

With this question goal was to identify what barriers are being faced in order to adapt 

AI and Cloud. By identifying it, evaluation framework and model for AI and Cloud 

implementation could be enriched and adapted in order to limit these barriers. 
 

Table 25 Key barriers to AI and Cloud adoption in banking: experts’ perspectives 

Key Barrier  Expert Statements Analytical Insight 
Regulatory and 
Data Protection 
Constraints 

“Regulations, data protection rules, 
making sure AI is safe” (P1); “EU 
data must stay inside EU” (P2); 
“GDPR and local laws slow 
implementation” (P3). 

Regulatory complexity and 
data sovereignty concerns 
remain the most cited 
obstacles, limiting AI model 
deployment and cross-border 
cloud use. 

Legacy Systems 
and Technical 
Debt 

“Biggest issue is legacy systems 
and old architecture” (P4); “Many 
tools don’t integrate well” (P6). 

Outdated systems hinder 
cloud migration and create 
high technical debt, slowing 
deep-tech transformation. 
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Lack of Skills and 
Expertise 

“Lack of skilled people is a big issue 
– both in tech and in business 
understanding of AI” (P4); “Many 
teams do not have enough 
knowledge” (P5). 

Human capital gaps in AI and 
cloud literacy limit the scale 
and quality of implementation. 

Organisational 
Resistance and 
Culture 

“Mindset and communication are 
main problems; business often does 
not understand the changes” (P6); 
“People are afraid to change or don’t 
understand what AI really means for 
their job” (P8). 

Cultural inertia, limited cross-
functional understanding, and 
unclear ownership slow 
innovation adoption. 

Integration 
Complexity 

“Legacy systems make integration 
hard” (P5); “Unclear ownership and 
too many experiments with no clear 
outcomes” (P7). 

Fragmented data structures 
and poor coordination increase 
implementation time and 
reduce project success. 

Cost and Vendor 
Dependence 

“Cost and vendor dependency make 
management hesitant to move too 
fast” (P4). 

Concerns about financial risk 
and dependency on large 
providers discourage large-
scale adoption. 

Source: compiled by author 

 
As shown in Table 24, the most recurrent barriers to AI and Cloud adoption include 

regulatory restrictions, outdated system infrastructure, and limited organisational readiness. 

Furhtermore,  experts’ statements illustrate that these obstacles are deeply interconnected 

with each other and depend on each other. For example: regulation restricts data use, legacy 

systems reduce integration efficiency, and a shortage of skilled professionals amplifies 

dependence on external providers. These findings mirror academic discussions on deep-tech 

adoption challenges, suggesting that overcoming such barriers requires a combination of 

regulatory adaptation, internal capability development, and modernisation of core banking 

infrastructure. 

Ninth question: In your opinion, how do regulatory requirements and compliance 

standards shape or constrain the integration of AI and Cloud in core banking operations? 

Most experts agreed with the idea of regulatory requirements being both restrictive and 

protectionist for banking institutions. Regulatory bodies provide the necessary oversight to 

protect consumers from data breaches, protect customer information and hold companies 

accountable. However, regulatory bodies also reduce the speed at which banks can 

implement new technologies by requiring lengthy approval processes, documentation and 

audits. This is a common dilemma in research about financial innovation where regulatory 

agencies ensure consumer confidence and financial system stability however they restrict the 

ability of companies to innovate quickly (Hon & Millard, 2018). 
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Table 26 Experts’ perspectives on regulatory and compliance influence on AI and Cloud integration 

Regulatory 
Impact Theme 

Illustrative Expert Statements Analytical Insight 

Operational 
restraint and 
slower adoption 

“It restrains banks from faster 
integrations” (P1); “It slows it down, 
makes it more complicated to 
implement” (P3). 

Compliance requirements and 
approval processes delay 
innovation cycles and reduce 
agility. 

Control and 
security 
assurance 

“It helps to stay in line and not go 
overboard with new technology” (P2); 
“We must always think about data 
privacy, encryption, access rights, 
audit logs” (P5). 

Regulation ensures 
responsible innovation, 
reinforcing trust and 
protecting customer assets. 

Increased 
bureaucracy and 
cost 

“They create a lot of control points 
and documentation” (P6); “Every 
change must be documented and 
approved” (P8). 

Administrative requirements 
increase project complexity 
and resource demands. 

Data governance 
and transparency 
challenges 

“AI makes it tricky because you need 
to explain how decisions are made. 
Transparency and audit trails are still 
hard to achieve” (P7). 

Regulatory expectations 
around explainability and 
auditability remain difficult to 
meet, especially for AI 
models. 

Balanced view: 
protection and 
innovation 

“It makes sure everything is up to the 
law and we don’t risk impacting 
customers and their money” (P1). 

While regulation slows 
innovation, it is recognised as 
essential for ensuring safety, 
accountability, and customer 
trust. 

Source: compiled by author 

 

As shown in Table 25, experts regard regulation as both a necessary protective 

mechanism for innovation in deep technology and a constraint that limits the development of 

AI and Cloud based systems. Compliance with regulatory requirements protects consumers’ 

personal data by ensuring transparency and ethical practices, however, they also hinder the 

speed at which such systems can be integrated into banking environments. Therefore, future 

efforts to integrate technologies will rely upon how well financial institutions can reconcile their 

increasing need for technological flexibility with evolving compliance requirements. 

Tenth question: Do you see AI and Cloud implementation in banking as a disruptive 

deep-tech technology or just a gradual technological advancement? 

With this question the goal was to find out if AI and Cloud in banking is seen as deep-

tech technology and if frameworks and theories for deep-tech implementations can be applied.  
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Figure 8 Frequency of expert perceptions: gradual versus disruptive deep-tech integration 

 
Source: compiled by author 

 

 

As seen in Figure 8 Most experts consider AI and Cloud adoption as steady, 

incremental progress shaped by regulation and legacy infrastructure. Several experts view the 

process as gradual now but potentially disruptive over time as systems mature and integration 

deepens. Finally, a small minority see current developments as already representing a deep-

tech transformation in banking operations. This shows that AI and Cloud computing can be 

considered as deep-tech technology, however its’ implementation in banking sector is still very 

incremental and represents gradual technological advancement.  

Eleventh question: Looking ahead, what do you believe will be the most critical 

success factors for the Banking sector that aim to systematically integrate AI and Cloud into 

their core operations over the next five year? 

The most important success factors for systematic integration of AI and cloud 

technologies during the next five years will be a set of several priorities, including strategic 

leadership, data governance, talent development, trust, through ethics, transparency, and 

innovation, collaboration between business and IT and automation. 
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Table 27 Experts’ perspectives on key success factors for AI and Cloud integration in banking 

Success Factor Expert Statements  Analytical Insight 
Strong data 
governance and 
quality 

“Without clean and trusted data, 
AI won’t deliver real value.” (P3) 

High-quality, well-managed data 
is seen as the foundation of 
reliable and scalable AI-Cloud 
systems. 

Clear strategic 
vision and 
leadership support 

“Clear strategy and leadership 
support so teams know why 
they’re doing it, not just following 
trends.” (P3, P5) 

Leadership-driven strategies 
ensure that AI and Cloud 
initiatives serve defined business 
purposes. 

Skilled workforce 
and continuous 
upskilling 

“Talent and upskilling will matter 
a lot, since AI and Cloud need 
people who understand both 
tech and banking.” (P3, P4) 

Expertise across technical and 
financial domains is essential to 
sustain digital transformation. 

Collaboration 
between IT and 
business 

“Good cooperation between IT 
and business is key.” (P6) 

Cross-functional collaboration 
aligns technology design with 
customer and business needs. 

Automation and 
operational 
efficiency 

“Fully automated customer 
journey and automated 
engineers’ workflows would be a 
good measure.” (P1) 

Automation of internal and 
customer-facing processes 
signals successful integration 
and efficiency. 

Trust, ethics, and 
transparency 

“Building trust through 
transparent data use and strong 
security is essential.” (P2) 

Ethical AI practices and strong 
security standards are critical for 
long-term customer and 
regulatory confidence. 

Source: compiled by author 

 
 

Figure 9 Frequency Analysis of Success Factors 

 
Source: compiled by author 
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Table 27, and Figure 9 illustrate that data quality, strategic leadership, and workforce 

skills were the most frequently identified as success factors, while trust and ethical governance 

were much less frequently cited but considered critical to enabling long term success with 

integrating AI and cloud computing. The research indicates that achieving technological 

advantages will require more than simply investing in technology; it will require creating 

governance maturity, interdepartmental cooperation, and innovation through ethics. Therefore, 

the next stage of deep tech integration within banking will be shaped by how well banks can 

integrate their human, organizational and technological resources into a cohesive long-term 

plan. 

Research summary: 

• Experts agreed that AI and Cloud technologies create significant value in 

banking by automating operations, improving accuracy, and supporting 

innovation. 
• Combined use of AI and Cloud provides scalability, agility, and faster data-

driven decision-making. 

• High-quality integration is achieved through alignment of technology and 

business goals, ensuring reliability, security, and compliance. 

• Key success criteria: operational efficiency, scalability, compliance, 

cybersecurity, customer experience, and innovation capacity. 

• Main barriers: regulation, legacy systems, lack of skills, organisational 

resistance, and high costs. 

• AI and Cloud adoption is gradual but demonstrates growing deep-tech 

characteristics. 

• Successful implementation depends on leadership, governance, collaboration, 

and workforce competence. 

• Future success will rely on strong data management, continuous learning, and 

ethical innovation practices. 
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Table 28 Summary of Research Questions and Main Findings 

Research Focus Main Findings 
Assessment of AI and Cloud 
contribution to value creation in 
banking 

AI and Cloud enhance efficiency, accuracy, and 
innovation in core financial operations. 

Application of AI-Cloud integration for 
financial process optimisation 

Combined use enables automation, scalability, 
and faster decision-making. 

Definition of quality in AI and Cloud 
adoption 

Quality reflects alignment between technology, 
business goals, and compliance standards. 

Identification of key qualitative 
evaluation criteria 

Main criteria: efficiency, scalability, compliance, 
cybersecurity, and innovation capacity. 

Analysis of main barriers to AI and 
Cloud implementation 

Barriers include regulation, legacy systems, lack 
of expertise, resistance to change, and cost. 

Evaluation of AI and Cloud adoption 
as a deep-tech transformation 

Adoption remains gradual but shows increasing 
deep-tech characteristics. 

Determination of critical success 
factors for implementation 

Success depends on leadership, governance, 
collaboration, and workforce competence. 

 

Source: compiled by author 
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4. DEVELOPMENT OF AI AND CLOUD INNOVATIONS FOR CORE BANKING 
OPERATIONS QUALITATIVE CRITERIA APPLICATION MODEL 

 

4.1 Modelling methodology 

After analysing data gathered from experts’ survey, qualitative criteria were proposed 

and approved by experts’ answers. To put these finding into practise, this chapter will disucss 

creation of application model for Artificial intelligence and Cloud computing for optimising 

banking operations. Scientific literature suggests different theories for scientific modeling. 

Models can assume different forms - such as qualitative conceptual models, quantitative 

mathematical models or hybrid/mixed models - each offering distinct affordances in research 

design (Pilcher, 2024; Borgstede et al., 2021).   

Given the complex and context-dependent nature of AI and cloud integration, this study 

applies a qualitative conceptual modelling approach. It allows the synthesis of expert insights 

and empirical findings to reveal relationships between technological, organisational and 

regulatory factors. As Černevičienė and Kabašinskas (2022) note, such models help to 

deconstruct complex systems, integrate diverse criteria and ensure transparent evaluation. 

To translate the expert-based criteria into a usable model, the application model is 

structured as an input-process-output scheme. This structure is widely used to represent 

complex socio-technical systems, because it separates contextual inputs, internal 

transformation processes, and observable outputs in a transparent way (Galais et al., 2021). 

Recent work on digital transformation links digital inputs and organisational change processes 

with measurable benefits (Chen et al., 2025). Following this logic, the proposed model of AI 

and cloud innovations in core banking will start from input objects that describe the conditions 

and resources of the bank, represent their transformation through activities and information 

flows, and end with output objects that capture changes in the performance of core banking 

operations, as summarised in Figure 10. 
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Figure 10 Model summary 

 

 
Source: compiled by author, According to: Chen et al., (2025); Černevičienė and 

Kabašinskas (2022) 

4.2 Model analysis 

A model (see Figure 10) of how to apply qualitative factors to AI and cloud in banking 

is a process, beginning with an Input Stage or the beginning of deep-tech innovation. During 

the input stage, banks evaluate their strategic readiness, technology base line, data 

governance, and their ability to work within an ecosystem. The evaluation of these four factors 

provides clarity on where the bank is at the onset, determines what barriers may exist and will 

outline which aspects of technology and organizational structure need to be developed prior 

to implementing AI and cloud technologies in a meaningful way. Upon determining the 

necessary steps to achieve the desired state, the model then transitions into the Actions Stage. 

The purpose of the actions stage is to implement specific actions that enable successful 

implementation of deep-tech innovations. Specific actions may include responsible use of AI, 

modernizing legacy systems, developing cross-functional collaboration and monitoring the 

effectiveness of the organization's use of AI and cloud. Once the specified actions have been 

implemented, the model advances to the Output Stage. The output stage involves evaluating 

the quality of the organizations' integration of AI and cloud using value creating criteria. 

Examples of value creating criteria include the level of technological advancement and 

maturity of the AI and cloud technology, the degree to which the AI and cloud technology is 

compliant with regulations, the level of customer satisfaction resulting from the use of the AI 
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and cloud technology and the extent to which the organizations' use of the AI and cloud 

technology is effective. Through the analysis of a bank's operations utilizing these criteria, a 

bank can identify potential gaps in its current processes, identify areas that require 

improvement and obtain an understanding of how far away it is from optimizing and obtaining 

high quality results from its use of AI and cloud. From a practical standpoint, the model serves 

as a tool to guide a bank in the development of a systematic approach to innovation and 

ensures that the resulting transformation produces long-term strategic and operational 

advantages for the bank. 
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Figure 11 Model for Bank operation optimizing with Deep-tech approach 

 

 

 

Source: compiled by author 
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The proposed model provides practical means of evaluating the organizational 

readiness and structurally implementing AI and Cloud technologies into core banking 

processes. It has additional value in linking technological capabilities to other aspects of an 

organization (strategic, regulatory and customer oriented) which is important for the financial 

services industry. Successful adoption will depend on clearly aligning technology initiatives to 

business objectives. The input portion of the model identifies institutional and technological 

factors that are either supportive of limiting deep tech adoption and enables the resolution of 

these issues prior to widespread deployments. Once at the output stage, organizations may 

evaluate the level of AI and Cloud maturity by using established criteria such as; value creation, 

compliance, technological depth and long term sustainability. Due to continued advancement 

of AI and Cloud technologies, the model can be modified to include new regulatory 

requirements and emerging deep-tech tools. Therefore, the model does not only function as 

an evaluation method, it serves as a dynamic resource that may aid in strategic planning, 

capability development and the long term transformation of banking operations. 
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5. CONCLUSIONS AND RECCOMENDATIONS 

Conclusions 

 

• The literature confirms that AI and cloud computing are central to optimising 

core banking operations. By enabling automation, scalability, analytical 

accuracy, and cost efficiency, making them key drivers of banks operations 

modernisations, new technnology adoption. 

• Expert findings show that there is a general consensus that both AI and cloud 

technology can be used for delivering added value in banking. Research 

indicated that both of these technologies add to the core financial operations 

through efficiency gains, improved fraud detection and compliance, as well as, 

enhanced scalability, and better customer service. Their combined use 

supports faster decisions and more integrated data management. 

• Technological quality in AI and cloud integration is understood as 

multidimensional, autonomious, measurable performance improvements, 

regulatory compliance, security, organisational readiness, and alignment with 

business objectives. 

• Six qualitative criteria define effective adoption: operational efficiency, 

scalability, risk and compliance management, cybersecurity and data 

protection, customer trust, and innovation capacity. Efficiency and scalability 

were identified as the most critical indicators. 

• Persistent barriers include regulation, legacy infrastructure, skills shortages, 

organisational resistance, and vendor dependence, which collectively constrain 

the pace and scale of transformation. 

• Experts characterise current AI and cloud adoption as incremental, with 

emerging deep-tech characteristics but limited by structural and regulatory 

constraints. 

• Successful integration depends on strong data governance, strategic 

leadership, workforce upskilling, IT–business alignment, and transparent 

innovation practices. 

• A structured input–process–output model was developed to guide systematic 

AI and cloud adoption, addressing barriers and enabling maturity assessment 
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Recommendations 

 

1. Banks that plan to strengthen their technological maturity should start by 

systematically assessing organisational readiness, data governance, 

technological baselines, and employee competencies before launching large 

scale AI and cloud initiatives. Such preparation would help to reduce 

implementation risks and to align deep-tech projects with clearly defined 

strategic priorities. 

2. Institutions are advised to focus on improving operational efficiency through 

automation and integrated cloud based architectures. By consolidating 

fragmented systems, reducing manual workloads, and accelerating the delivery 

of digital services, banks can achieve visible gains in areas such as compliance, 

fraud detection, credit risk assessment, and back office operations, where the 

impact of AI and cloud is particularly strong. 

3. To enhance technological quality, banks should ensure that AI and cloud 

deployments are closely linked to business objectives and guided by 

transparent governance structures. Clear ownership of initiatives, well defined 

performance indicators, and systematic monitoring of outcomes would help to 

increase the reliability of deep-tech solutions and support more consistent 

value creation. 

4. It is reasonable for banks to adopt the six identified qualitative criteria as a 

structured framework for evaluating AI and cloud integration. Regular 

assessment across these dimensions would make it possible to identify 

weaknesses, prioritise improvement areas, and track long term transformation 

progress. Special attention should be paid to operational efficiency, scalability, 

and compliance readiness, since these criteria were emphasised most strongly 

by experts. 

5. To reduce the impact of barriers, banks should invest in the modernisation of 

legacy systems and in cloud compatible architectures, so that AI applications 

can be integrated more deeply and with fewer technical constraints. At the 

same time, institutions should strengthen internal competencies through 

targeted training and recruitment, particularly in roles that combine 

technological and financial knowledge, in order to decrease dependence on 

external providers. 

6. Given the influence of regulatory requirements, banks should involve 

compliance and risk management specialists from the earliest stages of AI and 
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cloud projects. Jointly developed guidelines for data use, model transparency, 

and auditability would support responsible innovation and facilitate alignment 

with supervisory expectations. The integration of ethical principles into AI 

design and operation would further enhance trust and accountability. 

7. For long term success, banks should cultivate cross functional collaboration 

between IT, data analytics, business units, and risk or compliance teams. Such 

cooperation would help to ensure that deep-tech projects address real 

operational needs, that solutions are usable in practice, and that technological 

capabilities are translated into concrete benefits for customers and internal 

stakeholders. 

8. The proposed qualitative criteria application model should be incorporated into 

institutional planning and evaluation routines. Banks can use the model both at 

the beginning of technological transformation and when revisiting existing 

systems. Its structure offers a practical tool for aligning strategic objectives with 

technological capacity, identifying barriers, and assessing the maturity of deep-

tech integration. As technologies and regulatory environments continue to 

evolve, the model can be updated and refined, allowing it to serve as a dynamic 

instrument for long term optimisation of banking operations. 
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