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Abstract: Green finance, defined as channeling money into sustainable development activities, is still
far lower than needed to achieve net-zero emissions objectives. In this paper, we discuss the role of
technologies in developing green finance. We identify that green finance faces three major challenges,
including the risk management of green projects, the scarcity of innovative green financing products,
and compliance with the regulations. Then, in the context of the existing literature, we explore recent
technologies, including blockchain, artificial intelligence (AI), machine learning (ML), data analytics,
Internet of Things (IoT), and robotics that are helping to deal with the challenges in green finance.
We show that data-driven approaches utilizing AI and ML help in the risk assessment of green
projects; FinTech-based crowdfunding platforms provide innovative green financial products and
regulatory technologies (RegTech) support in compliance with regulations. We also identify that the
environmental footprint of cryptocurrencies is an emerging area in the technologies and green finance
domain. Our framework could be helpful to further extend the debate on the role of technology in
green finance.

Keywords: green finance; FinTech; artificial intelligence; machine learning; risk management; crowd-
funding; cryptocurrency; RegTech

1. Introduction

Climate change, global warming, and pollution have emerged as pressing global
challenges. While economic growth is essential, it must be environmentally sustainable.
Green finance offers a potential solution by channeling investments toward environmentally
friendly projects. Green financial instruments, such as green equities, green bonds, and
green credit, play a pivotal role in promoting sustainability by reducing pollution and
inspiring green investments (Reboredo and Ugolini 2020; Taghizadeh-Hesary et al. 2021).

The scale of the challenge is immense. McKinsey estimates a staggering USD 275 trillion
in funding required for the global green transition between 2021 and 2050 (McKinsey &
Company 2022). While the level of green finance is increasing over time, we identify that its
development faces at least three major challenges: risk management of green projects, a lack
of innovation in green financing products, and absence of or compliance with regulations.
Technological advancements and innovations can significantly address these challenges and
accelerate the transition to a more sustainable financial landscape (Cao 2023; Huang and
Zhang 2021; Mi and Coffman 2019).

The role of technological innovations in economic development in general and in
sustainable development in particular is an area of hot debate. Technological innovation is
seen as a primary driving force behind fundamental gains in productivity and people’s
living conditions, leading to the evolution of new industrial products and mitigating
environmental risks (Castellacci and Lie 2017; Pan et al. 2020).
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The application of technology to financial services, FinTech, has revolutionized the
financial industry (Gai et al. 2018). It offers cost-effective solutions for both consumers
and businesses (Knewtson and Rosenbaum 2020). While banks have historically adopted
technology, the 2008 financial crisis accelerated the growth of new FinTech enterprises
(Anagnostopoulos 2018; Breidbach et al. 2020). FinTech has evolved into a dynamic ecosys-
tem driven by innovation and disruption (Leong 2018; Mnif et al. 2024), offering a range of
client-centric services (Gomber et al. 2017). The integration of other recent technologies,
like the Internet of Things (IoT), artificial intelligence (AI), machine learning (ML), big
data, data analytics, and blockchain, into FinTech is likely to maximize the benefits of
technology-led transformation in the financial sector (Kumar et al. 2022).

For green finance, FinTech can play the role of facilitator by providing digital infor-
mation dissemination mechanisms, big data and data analytics-based risk assessment
procedures, new internet-based digital financial products, and technology-based frame-
works of governance and control for meeting regulatory requirements. Arguably, the use of
technology in the financial sector can contribute to sustainable development by improving
financial resource allocation and inclusion (Ahmad and Satrovic 2023; Arner et al. 2020;
Chien et al. 2024). Recent research reports that the FinTech innovations strengthened the
positive effect of green finance on sustainable development (Mahmood et al. 2024).

In this paper, we conduct a systematic literature survey to examine the role of tech-
nology in the development of green finance. Our survey covers the period from 2013 to
2024. We searched Scopus and Google Scholar as the two main databases. To the best of our
knowledge, this is the first-ever attempt to understand the role of different technologies in
green finance in the context of the existing literature.

After collating the literature, we start in Section 4 by identifying three major challenges
in the development of green finance, including the risk management of green projects,
the lack of innovation in green financing products, and compliance with the regulations.
Then, in Section 5, we summarize the literature, which explores how technologies help
deal with the challenges of green finance. In Section 6, we highlight that cryptocurrency is
an emerging area in the domain of technology and green finance. In the final section, we
conclude the study by summarizing the main findings and highlighting the directions for
future research.

2. Materials and Methods

This study adopts a systematic review approach to provide a comprehensive review
of the application of technology in green finance. The databases were searched for focused
joint keywords in the title, abstract, and complete text. The review relied on academic arti-
cles, journal editorials, and research papers, and a thorough search was conducted on the
following electronic databases: Scopus and Google Scholar. The main keywords searched
included Green Finance, Green Technology, Sustainability, Machine Learning, Artificial
Intelligence, Risk Management, Green Financing Products, Crowdfunding, Regulatory
Compliance, Regtech, and Cryptocurrencies. The search was limited to the articles and re-
search outputs from 2013 to 2024. This search yielded multiple earlier research publications
in this field. Around 800 articles were screened using the inclusion and exclusion criteria
(Table 1).

Table 1. Research evaluation criteria.

Inclusion Exclusion

Published research between 2013 to 2024 Published research prior to 2013

Finance context Non-finance context

Published research in English Published research in languages other than English

Peer-reviewed studies Non-peer-reviewed studies

Full research Partial research
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After screening the search records for eligibility for inclusion, 90 articles, reports, and
research outputs were selected for this systematic review. Table 2 provides evidence of the
conference and journal names, reports, and authors.

Table 2. Distribution of the reviewed papers over conferences, journals, and reports.

Conferences/Journals/Reports Number of Studies (Authors and Year)

4th IET International Conference on Clean Energy and
Technology 2016 1 (Partoon et al. 2016)

5th International Conference on Financial Innovation and
Economic Development 1 (Pan et al. 2020)

ACRN Journal of Finance and Risk Perspectives 2 (Hasan Eken et al. 2013; Johansson et al. 2019)

ADBI Working Paper Series 1 (Dikau and Volz 2018)

Annals of Operations Research 1 (Kumar et al. 2022)

Business Commons Farell 1 (Farell 2015)

China Finance Review International 1 (Awawdeh et al. 2022)

Digital Finance 1 (Kabaklarlı 2022)

Ecological Economics 1 (Zhou et al. 2022)

ECONOMIC BULLETIN 1 (González 2021)

Economic Modelling, North-Holland 1 (Reboredo and Ugolini 2020)

Emerging Science Journal, Ital Publication 1 (Khan et al. 2022)

Energy Economics 1 (Cumming et al. 2017)

Energy Policy 1 (Eyraud et al. 2013)

Energy Procedia 1 (Wang and Zhi 2016)

Energy Research Letters 1 (Zakari and Khan 2022)

Environment, Development and Sustainability 2 (Chien et al. 2024; Han et al. 2024)

Environmental Research 1 (Tayebi and Amini 2024)

Environmental Science and Pollution Research 1 (Ahmad et al. 2023)

European Business Organization Law Review 1 (Arner et al. 2020)

European Company and Financial Law Review 1 (Macchiavello and Siri 2022)

Finance Research Letters 1 (Taghizadeh-Hesary and Yoshino 2019)

Financial Internet Quarterly 1 (Ozili 2021)

Frontiers in Artificial Intelligence 1 (Brandl and Hornuf 2020)

Georgetown Journal of International Affairs 1 (Arner et al. 2017)

IEEE 9th International Conference for Convergence in
Technology, I2CT 2024 1 (Mukherjee et al. 2024)

International Business Review 1 (Berdiyeva et al. 2021)

International Journal of Accounting, Finance, Auditing,
Management and Economics 1 (Lakhchini et al. 2022)

International Journal of Advanced Computer Research 1 (Al-Amri et al. 2019)

International Journal of Bank Marketing 1 (Rossolini et al. 2021)

International Journal of Finance and Economics 1 (Mohsin et al. 2023)

International Journal of Innovation, Management and
Technology 1 (Leong 2018)

International Journal of Management (IJM) 1 (Wulandari et al. 2020)

International Journal of Sustainable Development and World
Ecology 1 (Udeagha and Muchapondwa 2023)

International Seminar on Education Innovation and
Economic Management 1 (Yang 2020)

Journal of Accounting and Public Policy 1 (Hummel and Schlick 2016)

Journal of Advanced Computer Science and Applications 1 (Islam et al. 2022)
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Table 2. Cont.

Conferences/Journals/Reports Number of Studies (Authors and Year)

Journal of Advanced Research in Dynamical and Control
System 2 (Nasir and Saeedi 2019; Raudha and Saeedi

2019)

Journal of Banking and Financial Technology 1 (Villar and Khan 2021)

Journal of Business Economics, Springer Berlin Heidelberg 1 (Gomber et al. 2017)

Journal of Cleaner Production 3 (Castellacci and Lie 2017; Chen and Zhao 2022;
Maehle et al. 2021)

Journal of Cryptocurrency Research 1 (Mohsin 2021)

Journal of Economics and Business 1 (Anagnostopoulos 2018)

Journal of Enterprise Information Management, 1 (Wang and Xue 2022)

Journal of Environment and Development 1 (Clémençon 2016)

Journal of Environmental Management 1 (Ahmad and Satrovic 2023)

Journal of Environmental Management 2 (Kim and Hall 2021; Wang et al. 2024)

Journal of Financial Risk Management 1 (Khan et al. 2019)

Journal of Intellectual Capital 1 (Vrontis et al. 2021)

Journal of Investment Compliance 1 (Freij 2020)

Journal of Management Studies 1 (Calic and Mosakowski 2016)

Journal of Network and Computer Applications 1 (Gai et al. 2018)

Journal of Service Theory and Practice 1 (Breidbach et al. 2020)

Management of Environmental Quality: An International
Journal 1 (Mnif et al. 2024)

Managerial Finance 2 (Knewtson and Rosenbaum 2020; Hashemi
et al. 2020)

McKinsey Global Institute in collaboration with
McKinsey Sustainability and McKinsey’s Global Energy

and Materials and Advanced Industries Practices
1 (McKinsey & Company 2022)

Nature Communications 1 (Mi and Coffman 2019)

Renewable Energy 3 (Cao 2023; Nenavath 2022; Xu et al. 2022)

Research Square 1 (Mahmood et al. 2024)

Security and Communication Networks 1 (Gundaboina et al. 2022)

Sensors 1 (Allioui and Mourdi 2023)

Solar Energy 1 (Halden et al. 2021)

Studies in Economics and Finance 1 (Sangwan et al. 2020)

Sustainability 7

(Dziwok and Jäger 2021; Hommel and Bican
2020; Huang and Zhang 2021; Lee 2021; Liu

et al. 2021; Rizwan and Mustafa 2022;
Taghizadeh-Hesary et al. 2021)

Sustainable Development 1 (Sethi et al. 2024)

Sustainable Futures, Elsevier Ltd. 1 (Nti et al. 2022)

Technological Forecasting and Social Change 6
(Falcone et al. 2018; Gan et al. 2020; Huang

et al. 2019; Messeni Petruzzelli et al. 2019; Su
et al. 2020; Yan et al. 2022)

Test Eng. Manag 1 (Ali et al. 2020)

UNEP 1 (UNEP 2024)

World Journal of Advanced Research and Reviews 1 (Elias et al. 2024)

Selected references were assessed for relevance and usefulness to the application of
technology in green finance and sustainability in finance. Table 3 presents different areas of
the related studies and research output based on the keywords that were searched for and
used to construct different sections of this paper.
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Table 3. Distribution of the reviewed papers in different areas of related studies.

Areas of Related Studies Number of Studies (Authors Year)

Green Finance, Green
Technology, and Sustainability 33

(Ahmad and Satrovic 2023); (Ahmad et al. 2023); (Allioui and Mourdi
2023), (Arner et al. 2020); (Awawdeh et al. 2022); (Brandl and Hornuf
2020); (Breidbach et al. 2020); (Cao 2023); (Castellacci and Lie 2017);

(Chien et al. 2024); (Falcone et al. 2018); (Gai et al. 2018); (Gomber et al.
2017); (Han et al. 2024); (Khan et al. 2022); (Knewtson and Rosenbaum

2020); (Leong 2018); (Macchiavello and Siri 2022); (Mahmood et al.
2024); (McKinsey & Company 2022); (Mi and Coffman 2019); (Mnif et al.

2024); (Nenavath 2022); (Ozili 2021); (Pan et al. 2020); (Partoon et al.
2016); (Sangwan et al. 2020); (Sethi et al. 2024); (Udeagha and

Muchapondwa 2023); (UNEP 2024); (Zakari and Khan 2022); (Zhou et al.
2022); (Villar and Khan 2021)

Machine Learning, Artificial
Intelligence, Risk Management,

and Green Finance
12

(Berdiyeva et al. 2021); (Chen and Zhao 2022); (Gan et al. 2020); (Kumar
et al. 2022); (Lee 2021); (Mukherjee et al. 2024); (Lakhchini et al. 2022);

(Nti et al. 2022); (Raudha and Saeedi 2019); (Wang and Xue 2022);
(Wang et al. 2024); (Yang 2020)

Green Financing Products and
Crowdfunding 19

(Ali et al. 2020); (Calic and Mosakowski 2016); (Cumming et al. 2017);
(Eyraud et al. 2013); (Halden et al. 2021); (Hommel and Bican 2020);
(Huang et al. 2019); (Khan et al. 2019); (Kim and Hall 2021); (Maehle
et al. 2021); (Messeni Petruzzelli et al. 2019); (Mukherjee et al. 2024);

(Reboredo and Ugolini 2020); (Rizwan and Mustafa 2022); (Rossolini
et al. 2021); (Taghizadeh-Hesary and Yoshino 2019); (Taghizadeh-Hesary

et al. 2021); (Vrontis et al. 2021); (Wulandari et al. 2020)

Regulatory Compliance and
Green Finance 15

(Anagnostopoulos 2018); (Arner et al. 2017); (Clémençon 2016); (Dikau
and Volz 2018); (Dziwok and Jäger 2021); (Freij 2020); (González 2021);

(Hasan Eken et al. 2013); (Huang and Zhang 2021); (Hummel and
Schlick 2016); (Johansson et al. 2019); (Liu et al. 2021); (Nasir and Saeedi

2019); (Wang and Zhi 2016); (Xu et al. 2022)

Cryptocurrencies and Green
Finance 11

(Al-Amri et al. 2019); (Farell 2015); (Gundaboina et al. 2022); (Hashemi
et al. 2020); (Islam et al. 2022); (Kabaklarlı 2022); (Mohsin et al. 2023),

(Mohsin 2021); (Su et al. 2020); (Tayebi and Amini 2024); (Yan et al. 2022)

3. Definition of Green Finance

The United Nations Environment Program (UNEP 2024) defines green financing as “to
increase the level of financial flows (from banking, micro-credit, insurance, and investment)
from the public, private and not-for-profit sectors to sustainable development priorities”.
A crucial objective is to enhance the management of social and environmental risks while
simultaneously capturing opportunities that deliver both financial returns and positive
environmental impact, ultimately increasing accountability. Green financing has been
advocated in recent years to safeguard the environment, and it has made tremendous
progress. Green finance connects the public and private financial systems to sustainable
development, integrates financial decisions with environmental protection, and supports
environmentally friendly business models concentrated on clean energy, improved water
and air quality, disposable plastic, and other factors. Green finance bridges the gap between
consumers, producers, investors, and lenders, emphasizing money as a tool to help the
environment (Wang and Zhi 2016).

Green finance instruments can be used as tools to raise funds for green purposes. For
instance, a loan issued at a low rate of interest for the plantation of trees in some areas or
mortgage loans provided for solar financing activities and FinTech tools for investment
can accelerate the process of establishing green finance investment in a more efficient and
effective manner (Ozili 2021).

4. Challenges in Green Finance

The development of green finance is facing three major challenges, including the
risk management of green projects, the lack of innovation in green financing products,
and compliance with the regulations. The mounting costs associated with climate change
necessitate swift and substantial green investment. However, balancing the urgency of
climate action with the imperative of prudent risk management is complex. Premature
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or ill-conceived green projects can lead to financial losses and erode investor confidence.
As such, the financial industry must carefully evaluate the risks and rewards of green
investments to ensure both environmental sustainability and financial viability.

The green finance market is still relatively small compared to traditional finance with
limiting investment opportunities and products. Some products may be exaggerated or mis-
represented as environmentally friendly (i.e., greenwashing) to attract green investments,
eroding investor trust. The adoption of the green ecosystem faces numerous limitations and
various factors that affect the implementation process. Specifically, in emerging economies,
these barriers and constraints can be eliminated by identifying the root cause effectively,
managing the associated risk in time and taking health initiatives to generate private
financing from individuals in society (Khan et al. 2022).

Different jurisdictions have varying regulatory frameworks for green finance, creating
complexities for investors and businesses operating across borders. The regulatory land-
scape can be complex and evolving, making it difficult for market participants to navigate.
Zhou et al. (2022) emphasize the significance of using technology (FinTech) in green finance
and how technology development has led to an increase in green investment. Though the
rate of growth varies depending on the region, one thing is sure: green finance growth
flourishes with the help of technology (FinTech). Green finance has evolved as a trendy
technique to cope with environment-related issues in recent years. However, it is still
necessary to observe closely whether green finance can resolve environmental problems
worldwide. Dziwok and Jäger (2021) developed a theoretical model for classifying various
categories of green finance and fiscal policy to evaluate the various perspectives for future
academic research in the field to address diverse approaches and their effects on dealing
with economic and environmental challenges. Meanwhile, managers and policymakers are
encouraged to inject more cash into green projects to ensure the positive net present values
of these projects and reduce financial distress (Khan et al. 2019).

5. Role of Technologies in Dealing with the Challenges

In this section, we present the discussion regarding the role of technologies in dealing
with the challenges in the development of green finance. Blockchain, artificial intelligence
(AI), machine learning (ML), data analytics, the Internet of Things (IoT), and robotics are
the leading technologies widely used to address the challenges in green finance.

5.1. Technologies Defined

Blockchain technology is a type of distributed ledger technology that uses crypto-
graphic techniques to record every transaction, ensuring that each one is distinct and
able to be legally confirmed (Farell 2015). Decentralized processes, such as those used by
blockchain technology, eliminate the need for a governing body. All its users have access
to the distributed ledger. All transactions are time-stamped and documented, and they
are linked in a chain to the ones that came before them. Every user checks the validity of
every new transaction, and it is only approved by other users that it is accepted. As a result,
there is not much room for record manipulation (Hashemi et al. 2020). Blockchain is widely
used in the finance domain, including banking, smart financial contracts, cryptocurrencies,
regulation compliance, and even crowdfunding. This technology can significantly improve
security, transparency, and efficiency (Mukherjee et al. 2024).

Lakhchini et al. (2022) defines AI as a technology tool with the ability to perform
complex operations that involve human intelligence. ML is considered an AI application
focusing on creating models and systems that can automatically modify, learn, and improve
the big data set and conduct predictive analysis. Nowadays, AI and ML are powerful data
analytics tools that are extensively used in all sectors of finance, such as investment, risk
management, price discovery, fraud detection, and compliance.

IoT is considered a powerful technology tool for data management and decision-
making while increasing efficiency in productivity and operations in finance (Allioui and
Mourdi 2023). IoT technology is an interconnected network of digital devices that requires
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little human interaction. This technology is revolutionizing the financial industry by
providing interconnected and smart systems using real-time data (Elias et al. 2024).

Robotics in finance is mainly employed by Robotic process automation (RPA). This
software is designed to mimic human interaction with multiple applications in finance.
This technology can be paired with other technologies, such as AI or blockchain, to make
financial operations more efficient and tailored to customers’ needs (Villar and Khan 2021).

5.2. Technologies and Risk Management of Green Projects

While economies worldwide are increasingly adopting green strategies, risk man-
agement remains a critical concern for the progress of trade and industry. Identifying
the risks associated with green projects and implementing adequate controls are essential
for safeguarding stakeholders’ interests in long-term investments. AI-based technologies,
when supported by regulations and assessed against sustainable development goals, have
immense potential. The capital market has embraced the application of ML to manage
and evaluate financial risks associated with underlying assets, as well as to integrate ESG-
related intensive data into asset management. AI and ML-based models can revolutionize
the economy by predicting trends and logic, thereby enhancing sustainability.

Chen and Zhao (2022) propose the creation of a shared central intelligence system
to enhance the development and management of risks within the green industry of a
given economy. Wang and Xue (2022) describe the sustainable development goals of the
industry by comparing the historical improvements in the economy and suggest promoting
intelligence-based optimization in financial risk assessment. Similarly, Berdiyeva et al.
(2021) emphasize the importance of utilizing predictive models in both new and existing
green projects to manage potential risks effectively. These technologies are designed to sup-
port economic sustainability, irrespective of product design or human activity. According
to Lee (2021), AI can enhance social sustainability across various product designs, a concept
that can be extended to financial products aligned with green finance. Organizations must
consider the mechanisms and limitations related to sustainability to adopt these revolution-
ary technologies most effectively, thereby enhancing financial structures, regulations, and
environmental policies (Liu et al. 2021; Wang et al. 2024).

ML, in particular, is highly effective in predicting the future value of financial in-
struments and establishing relationships between multiple variables based on historical
data. The capital market has increasingly embraced ML for managing and assessing the
financial risks associated with underlying assets and integrating ESG-related data into asset
management practices (Nti et al. 2022; Raudha and Saeedi 2019).

Gan et al. (2020) argue that machine learning and deep learning offer fast, accurate,
and reliable solutions for asset pricing, which are essential for investment managers and
financial traders. This claim applies to various investment projects, including green initia-
tives. ML’s broad applicability in predicting future risks, including potential biological and
environmental risks, further solidifies its role in green finance.

As globalization and innovation continue to increase pressures on the financial system,
organizations are increasingly vulnerable to the challenges of developing a green society.
The adoption of technological advancements in green finance is crucial for significantly
enhancing the efficiency of the financial ecosystem. Key stakeholders in this activity include
government bodies, green enterprises, and financial service providers, all of which play
pivotal roles in addressing green financial risks (Falcone et al. 2018).

5.3. Technologies and Innovation in Green Financing Products

The availability of green financing empowers individuals, corporations, and govern-
ments to invest in low-carbon operations (Huang et al. 2019). Such funding safeguards the
environment (Wang and Zhi 2016) and propels sustainable trade and investment (Eyraud
et al. 2013). However, developing low-risk green investment instruments remains challenging
where technology emerges as a potent catalyst (Taghizadeh-Hesary and Yoshino 2019).
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Digitalization has expanded financial avenues and fostered FinTech, with crowdfund-
ing gaining prominence. A pivotal intersection of FinTech and sustainable finance, crowd-
funding aggregates small investments from numerous individuals via online platforms.
Green crowdfunding channels empower eco-friendly enterprises to access capital more
efficiently (Macchiavello and Siri 2022). Crowdfunding has evolved into a potent tool for
raising capital from a broad investor base, primarily through optimized online platforms.

Emerging in 2007–2008 financial crisis, crowdfunding revolutionized entrepreneurial
funding (Hommel and Bican 2020; Messeni Petruzzelli et al. 2019). By bypassing traditional
intermediaries, crowdfunding democratizes access to capital (Rossolini et al. 2021). Common
crowdfunding models include donation-based, reward-based, equity-based, and peer-to-peer
financing (Rizwan and Mustafa 2022). Equity-based crowdfunding offers investors ownership
stakes, with potential returns through dividends or capital appreciation (Brandl and Hornuf
2020; Wulandari et al. 2020). Peer-to-peer lending facilitates direct (Cumming et al. 2017)
lending between individuals (Sangwan et al. 2020). Benefit-based crowdfunding rewards
contributors with non-monetary incentives (Ali et al. 2020; Vrontis et al. 2021).

Financial services have undergone a transformative evolution due to advancements
in telecommunications, information technology, and financial practices. This convergence of
digitization and globalization has accelerated the growth of digital crowdfunding platforms.

An example is that digital technologies optimize solar energy project operations
and management, driving down costs. Distributed ledger technology, integrated with
crowdfunding, enables small investors to provide long-term, low-interest loans, enhancing
project financing flexibility while accommodating investor risk profiles (Halden et al. 2021).

Several crowdfunding platforms have aligned with climate change mitigation goals,
encompassing renewable energy, sustainable transportation, and resource conservation
(Partoon et al. 2016). Additionally, they have included community-building and carbon
capture projects (Cumming et al. 2017; Maehle et al. 2021). The burgeoning FinTech
industry, characterized by technology-driven financial operations (Leong 2018), offers
innovative tools, like crowdfunding platforms, to support the financing needs of envi-
ronmentally focused organizations (Calic and Mosakowski 2016; Kim and Hall 2021;
Messeni Petruzzelli et al. 2019). Crowdfunding is a significant area of alliance between
FinTech and sustainable finance; people or businesses who work on green projects can
receive a considerable amount of money from other users through an online crowdfunding
platform. These platforms not only can assist sustainable businesses in obtaining capital
and resources in a more timely and cost-effective manner, but also allow investors to
participate in environmentally friendly projects (Kim and Hall 2021).

5.4. Technologies and Regulatory Compliance in Green Finance

A robust and secure financial system is essential for economic prosperity. Financial
misconduct can have far-reaching consequences, prompting regulators worldwide to imple-
ment safeguards to maintain investor confidence. The financial industry has experienced
periods of instability and fraud, which have eroded trust and impacted global economies
(Hasan Eken et al. 2013). These events have heightened the complexity of risk management
and compliance as regulatory responses often lag behind financial innovation.

The interconnectedness of finance and the environment has led central banks to
prioritize sustainability. The Networking for Greening the Financial Services initiative, with
a membership spanning from eight countries in 2017 to over ninety in 2020, underscores
the global commitment to green finance. This network represents a significant portion of
global GDP and greenhouse gas emissions (González 2021).

Central banks, traditionally focused on monetary policy, are evolving into “green
central banks” to address climate and environmental risks (Dikau and Volz 2018). While
the primary responsibility for sustainable finance lies with governments, central banks can
play a catalytic role by incorporating environmental considerations into their policy frame-
works. This includes developing clear guidelines for green financial products, promoting
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awareness among stakeholders, and supporting the development of green finance markets
(Zakari and Khan 2022).

To effectively navigate the evolving regulatory landscape, both regulators and financial
institutions are increasingly relying on technology. RegTech, a subset of FinTech, offers
solutions for automating compliance processes, detecting fraud, and analyzing data. By
leveraging artificial intelligence and machine learning, RegTech can enhance efficiency and
reduce risks for both regulators and regulated entities (Johansson et al. 2019; Nasir and
Saeedi 2019). RegTech also helps regulators with supervision and communication with
regulated institutions (Freij 2020). With the use of sophisticated technologies, such as big
data and data analytics, both regulators and regulated organizations can save precious time
while maintaining speed with accuracy (Arner et al. 2017).

Multiple climate-related decisions were made in the Paris Agreement; however, most
of the regulations that deal with environmentally sustainable reporting and compliance
are voluntary. At the international level, the idea of keeping the process not bound legally
is to encourage developing countries to take steps for the environment (Clémençon 2016).
Most countries also do not have legally binding compliance requirements for companies
in green finance. Furthermore, most countries have economic interests that are in conflict
with the idea of completing the shift to sustainable finance. The importance of climate risk
is well-accepted by most countries.

Xu et al. (2022) show that green finance has a positive impact on the regulations. It is
not only the manufacturing industries, but also the other industries that contribute to the
pollution, and there is a chance of the misallocation of funds in the name of green finance,
and actual usage is different. It is also advised in the study that regulators must take
appropriate measures for mandating the disclosure of information related to green projects
and also perform real-time supervision. Regulatory measures must work in line with
the legal framework, and all the stakeholders, like investors, regulated institutions, and
regulators, should take responsibility for the supervision. Nenavath (2022) establishes that
the association of FinTech and green finance will have a positive impact on the environment.

In many countries, significant importance has been placed on the disclosure of sus-
tainability information; however, researchers have had conflicting views on its impact
on sustainability performance. Few researchers have found a negative relationship be-
tween the two variables, while another set of researchers found a positive relationship.
A study (Hummel and Schlick 2016) combined two theories and argued that sustainabil-
ity performance depends on the quality of the disclosure. Low-quality disclosure has
a negative relationship, while high-quality disclosure has a positive relationship with
sustainability performance.

The payout period of most green projects is more than that of the traditional projects,
and hence it is logical for governments to provide tax subsidies to such projects so that
investors of these projects have the incentive also to choose green projects over traditional
projects. It is very important to make sure that funds allocated to green finance projects
must be used for the allocated purpose only. Xu et al. (2022) discuss how, with the help
of advanced technologies, green finance is allocated to the big companies or state-owned
companies. The primary motive of these companies is to make a profit, and in most cases,
the use of the funds is not as per the agreement.

The financial industry’s history of rapid innovation, often outpacing regulatory frame-
works, has necessitated a robust regulatory response. The Global Financial Crisis exempli-
fied the need for increased oversight and the challenges of balancing financial stability with
market efficiency. RegTech has emerged as a critical tool for addressing these challenges,
enabling regulators to keep pace with industry developments while minimizing compliance
burdens on financial institutions. Regulators must ensure that green funds are allocated as
per the project type rather than the reputation of the companies. Financial institutions are
using technology to reduce the cost of compliance by making automated processes, and
regulators use technology for monitoring and supervision purposes.
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6. Cryptocurrencies: Emerging Area of Research in the Domain of Technologies and
Green Finance

The cryptocurrency industry faces significant challenges, primarily its substantial en-
vironmental impact. The energy-intensive mining process, often reliant on non-renewable
sources, has raised concerns about its contribution to climate change (Wang and Xue 2022).
While the potential benefits of cryptocurrency are undeniable, its environmental costs must
be carefully considered (Gundaboina et al. 2022; Kabaklarlı 2022; Mohsin 2021; Yan et al.
2022). It is widely known that the biggest challenge of the use of cryptocurrency is that it
needs to be more environmentally friendly; a very high cost and the mining process are
involved in cryptocurrency while using electricity. If the mining process of cryptocurrency
and the derivation of the capital out of the process is not adequately regulated, then it
would have severe consequences (Tayebi and Amini 2024).

Advanced technologies are needed to support economic growth and reduce CO2
emissions as cryptocurrency trading rises. These technologies must seek an eco-friendly
environment with reduced CO2-emitting energy sources. Individual nations are expected
to support low-CO2 technologies so that fiscal reforms are also environmentally friendly
and beneficial to people (Mohsin et al. 2023).

To mitigate these concerns, a shift toward renewable energy sources for cryptocur-
rency mining is essential. Additionally, exploring alternative consensus mechanisms,
such as Proof of Stake, could significantly reduce energy consumption (Islam et al. 2022).
By decoupling cryptocurrency from fossil fuels, the industry can contribute to a more
sustainable future.

However, addressing the environmental impact of cryptocurrency requires a multifaceted
approach. Regulators must play a crucial role in promoting green energy adoption within the
industry and establishing clear guidelines for sustainable cryptocurrency practices. Further-
more, research into the broader economic and social implications of cryptocurrency, including
its impact on financial risk, human health, and security, is necessary to inform future policy
and investment decisions (Al-Amri et al. 2019; Gundaboina et al. 2022).

The potential for cryptocurrency to drive investment in renewable energy is significant.
By incentivizing the use of clean energy sources, the industry can contribute to a more
sustainable future. However, it is essential to monitor the evolving landscape of cryp-
tocurrency and its associated environmental impact to ensure that it aligns with broader
sustainability goals.

7. Conclusions

This paper offers a comprehensive review of the literature exploring the pivotal role
of technology in fostering green finance. Green finance refers to any financial transaction
with any financial instrument that involves improving the environment and innovations
and technology-driven tools significantly impact the intensity of this effect. In many cases,
green technology and green finance have proven to promote environmental sustainability.

Our analysis identifies three core challenges impeding the growth of green finance:
the effective management of green project risks, the development of innovative green
financial instruments, and the complexities of regulatory compliance. To address these
challenges, we explore the role of emerging technologies, including artificial intelligence,
machine learning, big data, and robotics. Our findings suggest that these technologies
can significantly enhance risk assessments, stimulate the creation of novel green financial
products, and streamline regulatory processes through RegTech. Furthermore, we examine
the environmental implications of cryptocurrencies as a rapidly evolving aspect of the
technology–green finance intersection.

In this study, we provide a foundational framework to study the role of technology in
the development of green finance. Our analysis of the literature indicates that research in
this area is still scarce and lacks depth. We identify the following areas for future research.

One reason the existing research is not broad in scope is the lack of rich green finance
and technology datasets. Because of this reason, the existing research largely uses indirect
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or weak proxies of green finance and technology usage. This is a very strong area where
future research may work. The development of new datasets can help to quantify the direct
impact of specific technologies (e.g., AI, ML, and blockchain) on green finance metrics (e.g.,
green investment volume and green loan portfolios).

Future studies may also dig deeper and focus on the role of digital products in specific
financial markets, such as debt or equities, in promoting green finance.

Author Contributions: Both authors contributed equally to the paper. All authors have read and
agreed to the published version of the manuscript.

Funding: Mitra acknowledges the financial support from The Royal Docks School of Business and
Law, University of East London, through the Seed Funding Scheme April 2022.

Conflicts of Interest: The authors declare no conflict of interest.

References
Ahmad, Munir, and Elma Satrovic. 2023. Relating fiscal decentralization and financial inclusion to environmental sustainability:

Criticality of natural resources. Journal of Environmental Management 325: 116633. [CrossRef] [PubMed]
Ahmad, Sohail, Muhammad Irfan Shakir, Afshan Azam, Shahid Mahmood, Qingyu Zhang, and Zaheer Ahmad. 2023. The impact of

CSR and green consumption on consumer satisfaction and loyalty: Moderating role of ethical beliefs. Environmental Science and
Pollution Research 30: 113820–34. [CrossRef] [PubMed]

Al-Amri, Redhwan, Nur Haryani Zakaria, Adib Habbal, and Suhaidi Hassan. 2019. Cryptocurrency adoption: Current stage,
opportunities, and open challenges. International Journal of Advanced Computer Research 9: 293–307. [CrossRef]

Ali, Wajeeha, Morakinyo Dada, Siva Muthaly, and Mitra Saeedi. 2020. Adoption of “Shariah” Compliant Financing-Based Crowdfund-
ing Platform by Smes: A Case Study on Beehive. TEST Engineering & Management 82: 533–45.

Allioui, Hanane, and Youssef Mourdi. 2023. Exploring the Full Potentials of IoT for Better Financial Growth and Stability: A
Comprehensive Survey. Sensors 23: 8015. [CrossRef]

Anagnostopoulos, Ioannis. 2018. Fintech and regtech: Impact on regulators and banks. Journal of Economics and Business 100: 7–25.
[CrossRef]

Arner, Douglas W., Dirk A. Zetzsche, Ross P. Buckley, and Janos N. Barberis. 2017. Fintech and regtech: Enabling innovation while
preserving financial stability. Georgetown Journal of International Affairs 18: 47–58. [CrossRef]

Arner, Douglas W., Ross P. Buckley, Dirk A. Zetzsche, and Robin Veidt. 2020. Sustainability, FinTech and Financial Inclusion. European
Business Organization Law Review 21: 7–35. [CrossRef]

Awawdeh, Ala Eldin, Mohammed Ananzeh, Ahmad Ibrahiem El-khateeb, and Ahmad Aljumah. 2022. Role of green financing
and corporate social responsibility (CSR) in technological innovation and corporate environmental performance: A COVID-19
perspective. China Finance Review International 12: 297–316. [CrossRef]

Berdiyeva, Oguljan Berdiyeva, Muhammad Umar Islam Islam, and Mitra Saeedi. 2021. Artificial Intelligence in Accounting and
Finance: Meta-Analysis. International Business Review 3: 56–79. [CrossRef]

Brandl, Barbara, and Lars Hornuf. 2020. Where Did FinTechs Come From, and Where Do They Go? The Transformation of the Financial
Industry in Germany After Digitalization. Frontiers in Artificial Intelligence 3: 511504. [CrossRef] [PubMed]

Breidbach, Christoph F., Byron W. Keating, and Chiehyeon Lim. 2020. Fintech: Research directions to explore the digital transformation
of financial service systems. Journal of Service Theory and Practice 30: 79–102. [CrossRef]

Calic, Goran, and Elaine Mosakowski. 2016. Kicking Off Social Entrepreneurship: How A Sustainability Orientation Influences
Crowdfunding Success. Journal of Management Studies 53: 738–67. [CrossRef]

Cao, Feifei. 2023. Digital financial innovation and renewable electrification: A step toward zero carbon nexus. Renewable Energy 215:
118910. [CrossRef]

Castellacci, Fulvio, and Christine Mee Lie. 2017. A taxonomy of green innovators: Empirical evidence from South Korea. Journal of
Cleaner Production 143: 1036–47. [CrossRef]

Chen, Haibei, and Xianglian Zhao. 2022. Green financial risk management based on intelligence service. Journal of Cleaner Production
364: 132617. [CrossRef]

Chien, FengSheng, Ching-Chi Hsu, Massoud Moslehpour, Muhammad Sadiq, Bushra Tufail, and Thanh Quang Ngo. 2024. A step
toward sustainable development: The nexus of environmental sustainability, technological advancement and green finance:
Evidence from Indonesia. Environment, Development and Sustainability 26: 11581–602. [CrossRef]

Clémençon, Raymond. 2016. The Two Sides of the Paris Climate Agreement: Dismal Failure or Historic Breakthrough? Journal of
Environment and Development 25: 3–24. [CrossRef]

Cumming, Douglas J., Gael Leboeuf, and Armin Schwienbacher. 2017. Crowdfunding cleantech. Energy Economics 65: 292–303.
[CrossRef]

Dikau, Simon, and Ulrich Volz. 2018. Central Banking, Climate Change and Green Finance. ADBI Working Paper Series; Tokyo: Asian
Development Bank Institute.

https://doi.org/10.1016/j.jenvman.2022.116633
https://www.ncbi.nlm.nih.gov/pubmed/36419297
https://doi.org/10.1007/s11356-023-29930-7
https://www.ncbi.nlm.nih.gov/pubmed/37853216
https://doi.org/10.19101/IJACR.PID43
https://doi.org/10.3390/s23198015
https://doi.org/10.1016/j.jeconbus.2018.07.003
https://doi.org/10.1353/gia.2017.0036
https://doi.org/10.1007/s40804-020-00183-y
https://doi.org/10.1108/CFRI-03-2021-0048
https://doi.org/10.37435/nbr.v3i1.29
https://doi.org/10.3389/frai.2020.00008
https://www.ncbi.nlm.nih.gov/pubmed/33733128
https://doi.org/10.1108/JSTP-08-2018-0185
https://doi.org/10.1111/joms.12201
https://doi.org/10.1016/j.renene.2023.118910
https://doi.org/10.1016/j.jclepro.2016.12.016
https://doi.org/10.1016/j.jclepro.2022.132617
https://doi.org/10.1007/s10668-023-03424-5
https://doi.org/10.1177/1070496516631362
https://doi.org/10.1016/j.eneco.2017.04.030


J. Risk Financial Manag. 2024, 17, 472 12 of 14

Dziwok, Ewa, and Johannes Jäger. 2021. A Classification of Different Approaches to Green Finance and Green Monetary Policy.
Sustainability 13: 11902. [CrossRef]

Elias, Oluwafemi, Opeyemi Joseph Awotunde, Oladiipo Ishola Oladepo, Patience Farida Azuikpe, Olufemi Adeleye Samson, Onabolujo
Richard Oladele, and Oyindamola Omolara Ogunruku. 2024. The evolution of green fintech: Leveraging AI and IoT for
sustainable financial services and smart contract implementation. World Journal of Advanced Research and Reviews 23: 2710–23.
[CrossRef]

Eyraud, Luc, Benedict Clements, and Abdoul Wane. 2013. Green investment: Trends and determinants. Energy Policy 60: 852–65.
[CrossRef]

Falcone, Pasquale Marcello, Piergiuseppe Morone, and Edgardo Sica. 2018. Greening of the financial system and fuelling a sustainability
transition: A discursive approach to assess landscape pressures on the Italian financial system. Technological Forecasting and Social
Change 127: 23–37. [CrossRef]

Farell, Ryan. 2015. An Analysis of the Cryptocurrency Industry. Wharton Research Scholars 130: 1–23.
Freij, Åke. 2020. Using technology to support financial services regulatory compliance: Current applications and future prospects of

regtech. Journal of Investment Compliance 21: 181–90. [CrossRef]
Gai, Keke, Meikang Qiu, and Xiaotong Sun. 2018. A survey on FinTech. Journal of Network and Computer Applications 103: 262–73.

[CrossRef]
Gan, Lirong, Huamao Wang, and Zhaojun Yang. 2020. Machine learning solutions to challenges in finance: An application to the

pricing of financial products. Technological Forecasting and Social Change 153: 119928. [CrossRef]
Gomber, Peter, Jascha-Alexander Koch, and Michael Siering. 2017. Digital Finance and FinTech: Current research and future research

directions. Journal of Business Economics 87: 537–80. [CrossRef]
González, Clara Isabel. 2021. The role of central banks in combating climate change and developing sustainable finance. Banco de

Espana Article 31: 21.
Gundaboina, Lokesh, Sumit Badotra, Tarandeep Kaur Bhatia, Kulbhushan Sharma, Gulzar Mehmood, Muhammad Fayaz, and Inam

Ullah Khan. 2022. Mining Cryptocurrency-Based Security Using Renewable Energy as Source. Security and Communication
Networks 2022: 4808703. [CrossRef]

Halden, Ugur, Umit Cali, Marthe Fogstad Dynge, Joseph Stekli, and Linquan Bai. 2021. DLT-based equity crowdfunding on the
techno-economic feasibility of solar energy investments. Solar Energy 227: 137–50. [CrossRef]

Han, Feng, Ridwan Lanre Ibrahim, Usama Al-Mulali, and Mamdouh Abdulaziz Saleh Al-Faryan. 2024. Tracking the roadmaps
to sustainability: What do the symmetric effects of eco-digitalization, green technology, green finance, and renewable energy
portend for China? Environment, Development and Sustainability 26: 13895–919. [CrossRef]

Hasan Eken, Mehmet, Suleyman Kale, and Huseyin Selimler. 2013. The evolution of regulations in banking: A cycle based approach.
ACRN Journal of Finance and Risk Perspectives 2: 15–26.

Hashemi, Mohammad Hashemi, Yuka Nishikawa, and Krishnan Dandapani. 2020. Cryptocurrency, a successful application of
blockchain technology. Managerial Finance 46: 715–33. [CrossRef]

Hommel, Kristin, and Peter M. Bican. 2020. Digital entrepreneurship in finance: Fintechs and funding decision criteria. Sustainability
12: 8035. [CrossRef]

Huang, Haifeng, and Jing Zhang. 2021. Research on the environmental effect of green finance policy based on the analysis of pilot
zones for green finance reform and innovations. Sustainability 13: 3754. [CrossRef]

Huang, Zhehao, Gaoke Liao, and Zhenghui Li. 2019. Loaning scale and government subsidy for promoting green innovation.
Technological Forecasting and Social Change 144: 148–56. [CrossRef]

Hummel, Katrin, and Christian Schlick. 2016. The relationship between sustainability performance and sustainability disclosure—
Reconciling voluntary disclosure theory and legitimacy theory. Journal of Accounting and Public Policy 35: 455–76. [CrossRef]

Islam, Rafiqul, Muhammad Mahbubur Rashid, Mohammed Ataur Rahman, Muslim Har Sani Bin Mohamad, and Abd Halim Bin
Embong. 2022. A Comprehensive Analysis of Blockchain-Based Cryptocurrency Mining Impact on Energy Consumption.
International Journal of Advanced Computer Science and Applications 13: 590–98. [CrossRef]

Johansson, Ellinor, Konsta Sutinen, Julius Lassila, Valter Lang, Minna Martikainen, and Othmar M. Lehner. 2019. Regtech-a necessary
tool to keep up with compliance and regulatory changes. ACRN Journal of Finance and Risk Perspectives 8: 71–85.

Kabaklarlı, Esra. 2022. Green FinTech: Sustainability of Bitcoin. Digital Finance 4: 265–73. [CrossRef]
Khan, Kanwal Iqbal, Mário Nuno Mata, José Moleiro Martins, Adeel Nasir, Rui Miguel Dantas, Anabela Batista Correia, and Mahr

Umar Saghir. 2022. Impediments of Green Finance Adoption System: Linking Economy and Environment. Emerging Science
Journal 6: 217–37. [CrossRef]

Khan, Sher, Zhuangzhuang Peng, Sohail Ahmad, Shahid Mahmood, and Ijaz Ahmad. 2019. Effect of Firm Structure on Corporate Cash
Holding (Evidence from Non-Financial Companies). Journal of Financial Risk Management 8: 1–14. [CrossRef]

Kim, Myung Ja, and C. Michael Hall. 2021. Do value-attitude-behavior and personality affect sustainability crowdfunding initiatives?
Journal of Environmental Management 280: 111827. [CrossRef] [PubMed]

Knewtson, Heather S., and Zachary A. Rosenbaum. 2020. Toward understanding FinTech and its industry. Managerial Finance 46:
1043–60. [CrossRef]

https://doi.org/10.3390/su132111902
https://doi.org/10.30574/wjarr.2024.23.1.2272
https://doi.org/10.1016/j.enpol.2013.04.039
https://doi.org/10.1016/j.techfore.2017.05.020
https://doi.org/10.1108/JOIC-10-2020-0033
https://doi.org/10.1016/j.jnca.2017.10.011
https://doi.org/10.1016/j.techfore.2020.119928
https://doi.org/10.1007/s11573-017-0852-x
https://doi.org/10.1155/2022/4808703
https://doi.org/10.1016/j.solener.2021.08.067
https://doi.org/10.1007/s10668-023-04289-4
https://doi.org/10.1108/MF-09-2018-0451
https://doi.org/10.3390/su12198035
https://doi.org/10.3390/su13073754
https://doi.org/10.1016/j.techfore.2019.04.023
https://doi.org/10.1016/j.jaccpubpol.2016.06.001
https://doi.org/10.14569/IJACSA.2022.0130469
https://doi.org/10.1007/s42521-022-00053-x
https://doi.org/10.28991/ESJ-2022-06-02-02
https://doi.org/10.4236/jfrm.2019.81001
https://doi.org/10.1016/j.jenvman.2020.111827
https://www.ncbi.nlm.nih.gov/pubmed/33360392
https://doi.org/10.1108/MF-01-2020-0024


J. Risk Financial Manag. 2024, 17, 472 13 of 14

Kumar, Satish, Dipasha Sharma, Sandeep Rao, Weng Marc Lim, and Sachin Kumar Mangla. 2022. Past, present, and future of
sustainable finance: Insights from big data analytics through machine learning of scholarly research. In Annals of Operations
Research. Berlin: Springer. [CrossRef]

Lakhchini, Wassima, Rachid Wahabi, and Mounime El Kabbouri. 2022. Artificial Intelligence & Machine Learning in Finance: A
literature review. International Journal of Accounting, Finance, Auditing, Management and Economics 3: 437–55. [CrossRef]

Lee, Keeheon. 2021. A systematic review on social sustainability of artificial intelligence in product design. Sustainability 13: 2668.
[CrossRef]

Leong, Kelvin. 2018. FinTech (Financial Technology): What is It and How to Use Technologies to Create Business Value in Fintech Way?
International Journal of Innovation, Management and Technology 9: 74–78. [CrossRef]

Liu, Yanhong, Jia Lei, and Yihua Zhang. 2021. A study on the sustainable relationship among the green finance, environment regulation
and green-total-factor productivity in China. Sustainability 13: 11926. [CrossRef]

Macchiavello, Eugenia, and Michele Siri. 2022. Sustainable Finance and Fintech: Can Technology Contribute to Achieving Environmen-
tal Goals? A Preliminary Assessment of ‘Green Fintech’ and ‘Sustainable Digital Finance’. European Company and Financial Law
Review: ECFR 19: 128–74. [CrossRef]

Maehle, Natalia, Pia Piroschka Otte, Boukje Huijben, and Jorick de Vries. 2021. Crowdfunding for climate change: Exploring the use of
climate frames by environmental entrepreneurs. Journal of Cleaner Production 314: 128040. [CrossRef]

Mahmood, Shahid, Huaping Sun, Asifa Iqbal, Amal H. Alharbi, Doaa Khafaga, and El-Sayed M. El-kenawy. 2024. The Role of Green
Finance in Promoting Sustainable Development Goals (SDGs) Through the Mediation Effect of Green Technology Innovation.
Research Square. [CrossRef]

McKinsey & Company. 2022. The Net-Zero Transition What It Would Cost, What It Could Bring; McKinsey Global Institute. United States
of America. Available online: https://coilink.org/20.500.12592/0d6rdj (accessed on 1 July 2024).

Messeni Petruzzelli, Antonio, Angelo Natalicchio, Umberto Panniello, and Paolo Roma. 2019. Understanding the crowdfunding
phenomenon and its implications for sustainability. Technological Forecasting and Social Change 141: 138–48. [CrossRef]

Mi, Zhifu, and D’maris Coffman. 2019. The sharing economy promotes sustainable societies. Nature Communications 10: 1214.
[CrossRef] [PubMed]

Mnif, Emna, Anis Jarboui, and Khaireddine Mouakhar. 2024. Strategic insights into carbon markets, digital finance and geopolitical
risks for advancing green sustainability investments. Management of Environmental Quality: An International Journal, ahead-of-print.
[CrossRef]

Mohsin, Kamshad. 2021. Cryptocurrency & Its Impact on Environment. International Journal of Cryptocurrency Research 1: 4. [CrossRef]
Mohsin, Muhammad, Sobia Naseem, Muhammad Zia-ur-Rehman, Sajjad Ahmad Baig, and Shazia Salamat. 2023. The crypto-trade

volume, GDP, energy use, and environmental degradation sustainability: An analysis of the top 20 crypto-trader countries.
International Journal of Finance and Economics 28: 651–67. [CrossRef]

Mukherjee, Kingshuk, A. Rana, and S. Rani. 2024. Crowdfunding Platform using Blockchain. Paper presented at 2024 IEEE 9th
International Conference for Convergence in Technology, I2CT 2024, Pune, India, April 5–7; New York: Institute of Electrical and
Electronics Engineers Inc.

Nasir, Fathima, and Mitra Saeedi. 2019. ‘RegTech’ as a Solution for Compliance Challenge: A Review Article. Journal of Advanced
Research in Dynamical and Control Systems 11: 912–19. [CrossRef]

Nenavath, Sreenu. 2022. Impact of fintech and green finance on environmental quality protection in India: By applying the semi-
parametric difference-in-differences (SDID). Renewable Energy 193: 913–19. [CrossRef]

Nti, Emmanuel Kwame, Samuel Jerry Cobbina, Eunice Efua Attafuah, Evelyn Opoku, and Michael Amoah Gyan. 2022. Environmental
sustainability technologies in biodiversity, energy, transportation and water management using artificial intelligence: A systematic
review. Sustainable Futures 4: 100068. [CrossRef]

Ozili, Peterson K. 2021. Digital Finance, Green Finance and Social Finance: Is There a Link? Financial Internet Quarterly 7: 1–7.
Pan, Chung-Lien, Jingjing Qiu, Zizhen Chen, and Yu-Chun Pan. 2020. Literature Review and Content Analysis: Internet Finance, Green

Finance, and Sustainability. Paper presented at 5th International Conference on Financial Innovation and Economic Development
(ICFIED 2020), Sanya, China, January 10–12.

Partoon, Behzad, Morteza Khalaji Assadi, and Mitra Saeedi. 2016. Study the Feasibility of a Hybrid Renewable Energy System for
Power Generation in Seri Iskandar. Paper presented at 4th IET International Conference on Clean Energy and Technology 2016,
Kuala Lumpur, Malaysia, November 14–15.

Raudha, Fathmath, and Mitra Saeedi. 2019. Artificial intelligence and machine learning as a tool in preventing and detecting financial
fraud: A systematic literature review. Journal of Advanced Research in Dynamical and Control Systems 11: 904–11. [CrossRef]

Reboredo, Juan C., and Andrea Ugolini. 2020. Price connectedness between green bond and financial markets. Economic Modelling 88:
25–38. [CrossRef]

Rizwan, Amina, and Faisal Mustafa. 2022. Fintech Attaining Sustainable Development: An Investor Perspective of Crowdfunding
Platforms in a Developing Country. Sustainability 14: 7114. [CrossRef]

Rossolini, Monica, Alessia Pedrazzoli, and Alessandro Ronconi. 2021. Greening crowdfunding campaigns: An investigation of
message framing and effective communication strategies for funding success. International Journal of Bank Marketing 39: 1395–419.
[CrossRef]

https://doi.org/10.1007/s10479-021-04410-8
https://doi.org/10.5281/zenodo.7454232
https://doi.org/10.3390/su13052668
https://doi.org/10.18178/ijimt.2018.9.2.791
https://doi.org/10.3390/su132111926
https://doi.org/10.1515/ecfr-2022-0005
https://doi.org/10.1016/j.jclepro.2021.128040
https://doi.org/10.21203/rs.3.rs-4194345/v1
https://coilink.org/20.500.12592/0d6rdj
https://doi.org/10.1016/j.techfore.2018.10.002
https://doi.org/10.1038/s41467-019-09260-4
https://www.ncbi.nlm.nih.gov/pubmed/30872587
https://doi.org/10.1108/MEQ-10-2023-0369
https://doi.org/10.51483/IJCCR.1.1.2021.1-4
https://doi.org/10.1002/ijfe.2442
https://doi.org/10.5373/JARDCS/V11SP11/20193115
https://doi.org/10.1016/j.renene.2022.05.020
https://doi.org/10.1016/j.sftr.2022.100068
https://doi.org/10.5373/JARDCS/V11SP11/20193114
https://doi.org/10.1016/j.econmod.2019.09.004
https://doi.org/10.3390/su14127114
https://doi.org/10.1108/IJBM-01-2021-0039


J. Risk Financial Manag. 2024, 17, 472 14 of 14

Sangwan, Vikas, Harshita, Puneet Prakash, and Shveta Singh. 2020. Financial technology: A review of extant literature. Studies in
Economics and Finance 37: 71–88. [CrossRef]

Sethi, Litu, Biswanath Behera, and Narayan Sethi. 2024. Do green finance, green technology innovation, and institutional quality help
achieve environmental sustainability? Evidence from the developing economies. Sustainable Development 32: 2709–23. [CrossRef]

Su, Chi-Wei, Meng Qin, Ran Tao, and Muhammad Umar. 2020. Financial implications of fourth industrial revolution: Can bitcoin
improve prospects of energy investment? Technological Forecasting and Social Change 158: 120178. [CrossRef]

Taghizadeh-Hesary, Farhad, and Naoyuki Yoshino. 2019. The way to induce private participation in green finance and investment.
Finance Research Letters 31: 98–103. [CrossRef]

Taghizadeh-Hesary, Farhad, Naoyuki Yoshino, and Han Phoumin. 2021. Analyzing the characteristics of green bond markets to
facilitate green finance in the post-COVID-19 world. Sustainability 13: 5719. [CrossRef]

Tayebi, Shali, and Heresh Amini. 2024. The flip side of the coin: Exploring the environmental and health impacts of proof-of-work
cryptocurrency mining. Environmental Research 252: 118798. [CrossRef]

Udeagha, Maxwell Chukwudi, and Edwin Muchapondwa. 2023. Green finance, fintech, and environmental sustainability: Fresh policy
insights from the BRICS nations. International Journal of Sustainable Development & World Ecology 30: 633–49. [CrossRef]

UNEP. 2024. Green Financing. Available online: https://www.unep.org/regions/asia-and-pacific/regional-initiatives/supporting-
resource-efficiency/green-financing (accessed on 28 September 2024).

Villar, Alice Saldanha, and Nawaz Khan. 2021. Robotic process automation in banking industry: A case study on Deutsche Bank.
Journal of Banking and Financial Technology 5: 71–86. [CrossRef]

Vrontis, Demetris, Michael Christofi, Enrico Battisti, and Elvira Anna Graziano. 2021. Intellectual capital, knowledge sharing and
equity crowdfunding. Journal of Intellectual Capital 22: 95–121. [CrossRef]

Wang, Yangjie, Junyi Feng, Riazullah Shinwari, and Elie Bouri. 2024. Do green finance and green innovation affect corporate credit
rating performance? Evidence from machine learning approach. Journal of Environmental Management 360: 121212. [CrossRef]
[PubMed]

Wang, Yao, and Qiang Zhi. 2016. The Role of Green Finance in Environmental Protection: Two Aspects of Market Mechanism and
Policies. Energy Procedia 104: 311–16. [CrossRef]

Wang, Yawen, and Weixian Xue. 2022. Sustainable development early warning and financing risk management of resource-based
industrial clusters using optimization algorithms. Journal of Enterprise Information Management 35: 1374–91. [CrossRef]

Wulandari, Try, Mitra Saeedi, and Fatemeh Meskaran. 2020. Factors affecting equity crowdfunding investment in Kuala Lumpur,
Malaysia. International Journal of Management (IJM) 11: 1816–23. [CrossRef]

Xu, Yong, Shanshan Li, Xiaoxiao Zhou, Umer Shahzad, and Xin Zhao. 2022. How environmental regulations affect the development of
green finance: Recent evidence from polluting firms in China. Renewable Energy 189: 917–26. [CrossRef]

Yan, Lei, Nawazish Mirza, and Muhammad Umar. 2022. The cryptocurrency uncertainties and investment transitions: Evidence from
high and low carbon energy funds in China. Technological Forecasting and Social Change 175: 121326. [CrossRef]

Yang, Xin. 2020. FinTech in Promoting the Development of Green Finance in China against the Background of Big Data and Artificial
Intelligence. Paper presented at 2020 4th International Seminar on Education Innovation and Economic Management (SEIEM),
Penang, Malaysia, July 17; pp. 130–33. [CrossRef]

Zakari, Abdulrasheed, and Irfan Khan. 2022. The Introduction of Green Finance: A Curse or a Benefit to Environmental Sustainability?
Energy Research Letters 3: 29977. [CrossRef]

Zhou, Guangyou, Jieyu Zhu, and Sumei Luo. 2022. The impact of fintech innovation on green growth in China: Mediating effect of
green finance. Ecological Economics 193: 107308. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1108/SEF-07-2019-0270
https://doi.org/10.1002/sd.2811
https://doi.org/10.1016/j.techfore.2020.120178
https://doi.org/10.1016/j.frl.2019.04.016
https://doi.org/10.3390/su13105719
https://doi.org/10.1016/j.envres.2024.118798
https://doi.org/10.1080/13504509.2023.2183526
https://www.unep.org/regions/asia-and-pacific/regional-initiatives/supporting-resource-efficiency/green-financing
https://www.unep.org/regions/asia-and-pacific/regional-initiatives/supporting-resource-efficiency/green-financing
https://doi.org/10.1007/s42786-021-00030-9
https://doi.org/10.1108/JIC-11-2019-0258
https://doi.org/10.1016/j.jenvman.2024.121212
https://www.ncbi.nlm.nih.gov/pubmed/38801803
https://doi.org/10.1016/j.egypro.2016.12.053
https://doi.org/10.1108/JEIM-03-2021-0152
https://doi.org/10.34218/IJM.11.10.2020.169
https://doi.org/10.1016/j.renene.2022.03.020
https://doi.org/10.1016/j.techfore.2021.121326
https://doi.org/10.25236/seiem.2020.034
https://doi.org/10.46557/001c.29977
https://doi.org/10.1016/j.ecolecon.2021.107308

	Introduction 
	Materials and Methods 
	Definition of Green Finance 
	Challenges in Green Finance 
	Role of Technologies in Dealing with the Challenges 
	Technologies Defined 
	Technologies and Risk Management of Green Projects 
	Technologies and Innovation in Green Financing Products 
	Technologies and Regulatory Compliance in Green Finance 

	Cryptocurrencies: Emerging Area of Research in the Domain of Technologies and Green Finance 
	Conclusions 
	References

