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Abstract: 
Environmental management systems (EMS) are essential in promoting sustainable practices and mitigating the 
adverse effects of human activities on the environment. As technology continues to advance, there is an increas-
ing opportunity to utilize advanced technologies to improve environmental management systems. This article 
examines the potential of different advanced technologies, such as artificial intelligence (AI), blockchain, big data, 
and the Internet of Things (IoT), within the context of environmental management systems. This article intends 
to offer valuable insights to researchers, practitioners, and policymakers by examining the potential uses of AI, 
blockchain, big data, and IoT in environmental management systems. The goal is to demonstrate how these ad-
vanced technologies can be leveraged to enhance sustainability, boost environmental performance, and yield 
favourable environmental results across different sectors and industries. 
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INTRODUCTION 
In the contemporary dynamic global landscape, organiza-
tions from diverse sectors recognize the utmost im-
portance of prioritizing environmental management [1]. 
The pressing need to confront environmental issues, in-
cluding but not limited to climate change, depletion of re-
sources, and pollution, has catalysed the demand for solu-
tions. Thanks to their exceptional capabilities, advanced 
technologies possess the vast potential to revolutionize 
conventional environmental management systems and es-
tablish resilient and sustainable frameworks [2]. 
The swift progress of technology, specifically in domains 
like artificial intelligence, the Internet of Things, blockchain, 
and big data, has created novel opportunities for environ-
mental stewardship. These state-of-the-art technologies 
possess the capability to augment the decision-making pro-
cedures, continuously monitor environmental factors, opti-
mize the consumption of resources, and foster cooperation 
among individuals and groups involved, ultimately resulting 
in enhanced environmental outcomes. 
Advanced technologies have made significant advance-
ments in data analytics, particularly in environmental man-
agement [3, 4]. The capacity to gather, evaluate, and inter-
pret vast quantities of data from various sources has funda-
mentally transformed organizational approaches to this 

discipline. By utilizing complex algorithms and machine 
learning methodologies, valuable insights can be derived 
from environmental data. Consequently, organizations are 
empowered to detect patterns, anticipate potential haz-
ards, and proactively develop strategies for minimizing en-
vironmental consequences. 
As researchers further explore the possibilities of advanced 
technologies in environmental management systems, it be-
comes apparent that incorporating these technologies can 
revolutionise how organizations address sustainability. 
Through the utilization of artificial intelligence, blockchain, 
the Internet of Things, and big data, organizations can not 
only decrease their environmental footprint, but also foster 
innovation, improve engagement with stakeholders, and 
gain a competitive advantage in the market [5]. The utiliza-
tion of advanced technologies in environmental manage-
ment systems possesses immense and revolutionary po-
tential. 
The examination of the intersection between technology 
and environmental sustainability is of utmost importance. 
This article delves into the potential of advanced technolo-
gies in strengthening environmental management systems, 
fostering favourable ecological results, and empowering or-
ganizations to flourish in an ever-changing environment. 
This article aims to examine the uses and advantages of 
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these technologies, offering valuable perspectives and di-
recting organizations towards successful strategies for en-
vironmental management. 
 

LITERATURE REVIEW 
Advanced technological innovations hold tremendous po-
tential in augmenting environmental management systems 
and tackling sundry environmental obstacles [6, 7, 8]. 
Through the utilization of sophisticated technologies, envi-
ronmental management systems can enhance the gather-
ing, examination, and decision-making procedures for envi-
ronmental data. These systems facilitate more efficient 
monitoring, evaluation of risks, regulation of pollution, op-
timization of resources, and involvement of the public, 
thereby culminating in the adoption of sustainable environ-
mental practices [9]. 
European Commission defines environmental manage-
ment system as "a means of ensuring effective implemen-
tation of an environmental management plan or proce-
dures and compliance with environmental policy objectives 
and targets" [10]. 
The utilization of cutting-edge technologies has the poten-
tial to facilitate environmental management systems. The 
integration of technologies such as the Internet of Things, 
industrial data, advanced manufacturing, robotics, 3D 
printing, blockchain technologies, and artificial intelligence 
provides a plethora of possibilities for organisations to bol-
ster their dominance in burgeoning markets for innovative 
products and services [11]. Artificial intelligence has be-
come a widely discussed topic in recent years due to ad-
vancements in other technologies, such as cloud compu-
ting, big data, the Internet of Things, and virtual reality [12]. 
These breakthroughs have allowed major advancements in 
artificial intelligence to develop effective monitoring sys-
tems. The Internet of Things (IoT) is a key technology for 
organizations to harness the potential of big data and im-
prove their operations – including the implementation of 
an environmental management system [13]. They play a 
fundamental role in transitioning towards a more sustaina-
ble economy, aiding in the modernization of industrial 
foundations [3, 14]. 
Citation analysis with the application of the VOSViewer 
software allows for revealing the most cited articles that re-
spond to the search query. Yazdani et al. [15] advocate for 
the implementation of a multi-faceted decision-making 
model within the supply chain industry to tackle intricate 
decision-making dilemmas. The model achieved such rank-
ing indicators as environmental, social, cultural, and eco-
nomic factors. Kumar et al. [16] determine Business Strat-
egy and the Environment through five main thematic clus-
ters. These clusters include business strategy and sustaina-
bility, corporate governance and sustainability reporting, 
green marketing and pro-environmental behaviour, inno-
vation and environmental policy, and environmental man-
agement systems. This research paper by Wang et al. [17] 
presents a conceptual model for the Environmental Inter-
net of Things (EIoT) and discusses crucial technologies such 
as Wireless Sensor Networks (WSN), network methodolo-
gies, Geographic Information Systems (GIS), WebGIS, and 
distributed database techniques. The EIoT has the potential 

to enhance comprehension of the urban environment and 
facilitate the development of innovative technological in-
terventions to address the growing concerns of environ-
mental degradation. Zhang et al. [18] offer valuable insights 
for supply chain professionals, policymakers, executives, 
and scholars, suggesting that organizations should consider 
implementing formal environmental management sys-
tems, big data analytics and artificial intelligence technolo-
gies, and environmental visibility strategies to enhance 
their market competitiveness, even during periods of crisis 
like the Covid-19 pandemic. Drobyazko and Hilorme [19] 
prove that the introduction of environmental management 
systems in space activities is necessary to prevent severe 
environmental consequences and minimize the negative 
impact of these threats. 
Above the mentioned most cited papers the search in the 
Scopus database includes the following articles related to 
the same query. Das et al. [20] addresses the unexplored 
area in existing scholarly works, their research seeks to in-
vestigate the impact of environmental management sys-
tems on the relationship between Green Supply Chain 
Management practices and market competitiveness in 
China. Fenton et al. [21] highlight the necessity of a funda-
mental change in our chemical management systems and 
explore the integration of a standardized management sys-
tem and recent technological advancements into environ-
mental management system operations, intending to miti-
gate or eradicate associated risks and liabilities. Munoda-
wafa and Johl [22] introduce a preliminary model of an Eco-
innovation Management Information System, designed to 
facilitate the effective management and documentation of 
a company's eco-innovation achievements.  
 

METHODOLOGY OF RESEARCH 
The advanced technology used for enhancing environmen-
tal management systems study was based on data dis-
closed in articles and reports on artificial intelligence, block-
chain, big data and the Internet of Things. 
To conduct citation analysis and keyword cooccurrence the 
VOSViewer software (1.6.19) was applied. The Scopus da-
tabase was used for the analysis. The relevant terms for the 
search query have been identified, and the search query 
has been constructed in the following manner (TITLE-ABS-
KEY "advanced technolog*") OR TITLE-ABS-KEY ("artificial 
intelligence") OR TITLE-ABS-KEY ("blockchain") OR TITLE-
ABS-KEY ("big data") OR TITLE-ABS-KEY ("internet of 
things") AND TITLE-ABS-KEY ("environmental management 
system*") AND ( LIMIT-TO (LANGUAGE, "English") AND 
(LIMIT-TO (OA, "all"). The Scopus database returned 8 doc-
uments published. 
To study the cutting-edge technologies application prac-
tices the content analysis method was applied. On the base 
of the collected information, the author singled out four 
main activities where the mentioned technologies are ap-
plied in terms of environmental aspects and environmental 
impact. The activities include transport, construction, office 
services and the chemical industry. The application of the 
technologies is analysed through the relevance of technol-
ogies application within the activity (Table 1). 
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Table 1 
Environmental aspect and environmental  

impact within the activity 

Activity Environmental aspect 
Environmental  

impact 

Transport 
Used oils for machinery. 

Carbon emissions  
of trucks and machinery 

Soil, water,  
air pollution 

Greenhouse effect 

Construction 

Air emissions, noise,  
vibration etc.  

by construction machines 
Land use 

Noise, soil, water, 
air pollution 
Land cover  
destruction 

Biodiversity loss 

Office  
services 

Use of materials such 
as paper, toner, etc. 

Electric power consumption 
(leading to indirect CO2 

emissions) 

Mixed municipal 
waste pollution 

Greenhouse effect 

Chemical  
industry 

Waste water. 
Emission of volatile  
organic compounds 
Emission of ozone  

depleting substances 

Water pollution 
Photochemical 

ozone 
Ozone layer  

depletion 
 

RESULTS AND DISCUSSION 
The keyword co-occurrence (Figure 1) showed that the 
keyword environment management system is linked with 
two of the above-mentioned advanced technologies: big 
data and artificial intelligence. In addition, there is a lim-
ited number of documents dealing with the potential of 
advanced technologies for environmental management 
systems. Therefore, there is a need to present how organ-
izations can enhance the efficiency of resource allocation, 
foster creative breakthroughs, mitigate ecological haz-
ards, and actively contribute to an environmentally 
friendly and enduring future by utilizing the functionalities 

of these technologies. To effectively implement an eco-
management and audit scheme (EMAS), it is crucial to 
commence with a comprehensive assessment of an or-
ganization's internal framework and operations. The ob-
jective is to identify environmental factors linked to envi-
ronmental effects, which serves as the foundation for es-
tablishing a structured environmental management sys-
tem [23]. 
 

 
Fig. 1 Keywords cooccurrence 
 

The results of the study are observed through the relation 
between activities, environmental aspects, and environ-
mental impacts (Tables 2, 3, 4). In general, the application 
of advanced technologies is distinguished through the ar-
eas they are adopted or functions they can enhance. Ap-
plications of artificial intelligence technologies in environ-
mental management systems include the following po-
tential areas. 

 

Table 2  
AI application used for environmental management system 

Activity AI application Description Source 

Tr
an

sp
o

rt
 

Application to reduce 
emissions 

AI can optimize traffic flow, improve route planning, and promote the use of electric vehicles, 
resulting in reduced greenhouse gas emissions and air pollution 

[24, 25, 
26, 27, 28] 

Application to achieve 
energy efficiency 

AI algorithms can optimize vehicle operations, reduce fuel consumption, and improve energy 
efficiency, leading to lower energy-related environmental impact 

[29, 20, 
30] 

Application to obtain 
sustainable mobility 

AI applications can support the development of sustainable transportation solutions, such as 
ride-sharing services and intelligent transportation systems, which reduce the overall environ-
mental impact of transportation activities 

[31, 32, 
33, 34] 

C
o

n
st

ru
ct

io
n

 

Application to achieve 
energy efficiency 

AI can optimize building energy management systems, monitor energy consumption, and iden-
tify opportunities for energy efficiency improvements, reducing the environmental impact asso-
ciated with construction energy use 

[35, 36, 
37] 

Application to get 
waste reduction 

AI tools can analyze construction data to identify opportunities for waste reduction, material re-
cycling, and improved resource management, leading to reduced environmental impact through 
minimized construction waste generation 

[38, 39] 

Application to carry out 
sustainable materials 

AI can assist in the selection of sustainable building materials, considering factors such as em-
bodied carbon, recycled content, and environmental certifications, thus promoting environmen-
tally friendly construction practices 

[40, 41] 
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cont. Table 2 

O
ff

ic
e 

se
rv

ic
es

 

Applications for energy 
management 

AI technologies can optimize energy consumption in office buildings by monitoring and control-
ling HVAC systems, lighting, and equipment usage, resulting in energy savings and reduced envi-
ronmental impact 

[42, 43, 
44] 

Applications for waste 
management 

AI-powered systems can improve waste sorting, recycling, and disposal processes in office envi-
ronments, contributing to reduced landfill waste and promoting sustainable waste management 
practices 

[45, 46] 

Virtual Collaboration 
AI tools enable remote collaboration and virtual meetings, reducing the need for business travel 
and associated carbon emissions, leading to a positive environmental impact 

[47] 

C
h

em
ic

al
 in

d
u

st
ry

 Process Optimization 
AI can optimize chemical manufacturing processes by analyzing data and identifying opportuni-
ties for energy and resource efficiency improvements. This results in reduced energy consump-
tion and environmental impact associated with chemical production 

[48, 49, 
50] 

Environmental Monito-
ring 

AI applications can monitor emissions, waste management, and pollution control in chemical 
industries, ensuring compliance with environmental regulations and reducing the impact on air, 
water, and soil quality 

[51, 52] 

Product Innovation 
AI can aid in the development of eco-friendly products and sustainable chemical alternatives, 
promoting a shift towards greener and less harmful chemical substances, thereby reducing the 
environmental impact of chemical industries 

[53, 54] 

 

Table 3 
Blockchain application used for environmental management system 

Activity 
Blockchain  
application 

Description Source 

Transport 

Supply Chain  
Transparency 

Blockchain can enhance transparency and traceability in the transportation  
industry by recording and validating every transaction and movement  
of goods. This reduces the potential for fraud, theft, and unauthorized  
activities, ultimately leading to a more secure and efficient supply chain 

[55, 56] 

Carbon Emission 
Tracking 

Blockchain can be used to create a decentralized system for tracking carbon 
emissions and verifying carbon offsets. This can incentivize organizations  
to reduce their carbon footprint and promote more sustainable transportation 
practices 

[57, 58, 59] 

Peer-to-Peer (P2P) 
Ride-Sharing 

Blockchain-based platforms can facilitate peer-to-peer ride-sharing, allowing 
individuals to share rides and reduce the number of vehicles on the road. This 
helps in reducing traffic congestion, fuel consumption, and overall emissions 

[60] 

Construction 

Supply Chain  
Management 

Blockchain can provide a transparent and immutable ledger for tracking con-
struction materials throughout the supply chain. This ensures the use  
of sustainable materials, reduces waste, and promotes responsible sourcing 

[61] 

Smart Contracts 

Blockchain-enabled smart contracts can automate and streamline construction 
processes, ensuring adherence to sustainability standards and reducing paper-
work. This can lead to more efficient resource utilization and minimize  
environmental impact 

[62, 63] 

Energy Management 

Blockchain can support decentralized energy management systems  
in construction projects, optimizing energy consumption, and enabling  
the integration of renewable energy sources. This reduces reliance on fossil 
fuels and promotes energy efficiency 

[64, 65, 66] 

Office services 

Energy Tracking  
and Efficiency 

Blockchain can be utilized to monitor and track energy usage in office build-
ings, promoting energy efficiency measures. This data transparency can  
facilitate the implementation of energy-saving practices, leading to reduced 
carbon emissions and lower energy costs 

[67, 68, 69] 

Waste Management 

Blockchain-based systems can improve waste management processes  
by enhancing transparency, traceability, and accountability. This can optimize 
waste disposal, recycling, and incentivize sustainable practices within office  
environments 

[70, 71] 

Chemical industry 

Supply Chain  
Traceability 

Blockchain can enable end-to-end traceability of chemical products, ensuring 
compliance with safety regulations and responsible handling throughout  
the supply chain. This reduces the risk of environmental pollution  
and facilitates proper waste management 

[72] 

Chemical  
Management 

Blockchain can facilitate secure and transparent record-keeping of chemical  
usage, storage, and disposal. This enhances safety measures, reduces  
the environmental impact of hazardous substances, and supports sustainable 
chemical management practices 

[72] 
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Table 4 
Big data and IoT applications used for environmental management system 

Activity Big data, IoT Description Source 

Tr
an

sp
o

rt
 

Traffic  
Optimization 

IoT sensors and big data analytics can provide real-time traffic data, allowing for optimized 
route planning and traffic management. This helps reduce congestion, idling time, and fuel 
consumption, resulting in lower emissions and improved air quality 

[73] 

Predictive  
Maintenance 

IoT devices can monitor the condition of vehicles and infrastructure in real-time. Coupled 
with big data analytics, this enables predictive maintenance, preventing breakdowns  
and reducing the need for emergency repairs. As a result, it reduces the number of vehicles 
taken out of service, minimizing environmental impacts and resource consumption 

[74, 75] 

C
o

n
st

ru
ct

io
n

 Smart Building  
Management 

IoT sensors embedded in buildings can collect data on energy usage, temperature,  
and occupancy. Big data analytics can then analyze this information to optimize energy  
consumption, improve HVAC systems' efficiency, and reduce overall environmental impact 

[76] 

Safety  
Monitoring 

IoT devices can enhance safety on construction sites by collecting data on worker behavior, 
equipment usage, and environmental conditions. Big data analytics can identify potential 
hazards and optimize safety protocols, reducing accidents and their associated  
environmental consequences 

[77] 

O
ff

ic
e 

se
rv

ic
es

 Occupancy  
Optimization 

IoT devices can track occupancy and space utilization in offices. By analyzing this data,  
companies can optimize office layouts, reducing the need for excess space and minimizing 
energy consumption and resource usage 

[78] 

Energy  
Management 

IoT sensors can monitor energy consumption in office buildings, providing real-time data  
for analysis. Big data analytics can identify areas of high energy usage, optimize energy  
systems, and enable smart grid integration, leading to reduced energy waste and lower  
carbon emissions 

[79, 27] 

C
h

em
ic

al
 in

d
u

st
ry

 

Process  
Optimization 

IoT sensors can monitor various parameters in chemical processes, such as temperature, 
pressure, and chemical composition. Big data analytics can analyze this data to optimize  
processes, reduce energy consumption, and minimize waste generation 

[80] 

Safety and Risk  
Management 

IoT devices can collect real-time data on chemical storage conditions, emissions, and safety 
equipment status. Big data analytics can analyze this data to identify potential risks, improve 
safety protocols, and prevent environmental accidents 

[80] 

 

If we consider AI-based environmental management sys-
tems, we put AI applications into perspective with a few 
criteria. They include the way it works and what business 
problem it is meant to solve, the AI capability employed, 
and the innovation type [81]. 
Data collection and analysis are areas in which artificial in-
telligence can be utilized. AI can automate the collection 
of data from diverse sources, including sensors, remote 
sensing satellites, and public databases. Subsequently, AI 
algorithms can be employed to analyse the gathered data 
to discern patterns, trends, and possible environmental 
consequences. 
The utilization of AI in conducting environmental impact 
assessments (EIAs) enables the evaluation of the environ-
mental ramifications associated with various activities. 
Through the integration of environmental data and AI 
models, it becomes feasible to simulate and forecast the 
potential environmental outcomes resulting from actions 
or initiatives. As a result, organizations are empowered to 
make well-informed choices regarding their operations 
and effectively identify strategies for mitigating potential 
adverse effects. 
Researchers investigate how environmental management 
systems have provided new opportunities for the applica-
tion of artificial intelligence [82]. Identification of the ben-
efits to be had by building a decision support tool onto an 
integrated database system containing details of material 
and energy flows in all manufacturing and non-manufac-
turing process is another research point. 

With the growing use of machine learning and natural lan-
guage processing, artificial intelligence has become an in-
valuable tool for providing decision support systems (DSS) 
that can help businesses make better decisions more 
quickly and efficiently. Concerning decision support in 
EMS, such tools as improvement of targets and activity-
based costing always aroused interest [82]. According to 
research [83], environmental management systems that 
utilize artificial intelligence techniques can help improve 
decision-making processes. 
The utilization of AI in environmental management sys-
tems offers the potential for optimization and decision 
support. AI algorithms can provide recommendations for 
reducing environmental impacts by considering factors 
such as resource usage, emissions, and regulatory re-
quirements [84]. By implementing these AI-driven strate-
gies, organizations can enhance their sustainability efforts 
and mitigate their environmental footprint. 
Artificial intelligence has the potential to enhance risk 
management efforts through the creation of early warn-
ing systems designed to identify potential environmental 
hazards. By diligently monitoring environmental data and 
employing AI methodologies, it becomes feasible to iden-
tify irregularities or deviations that could signify environ-
mental risks. Consequently, this enables prompt interven-
tions and proactive measures to mitigate adverse effects. 
Organizations require efficient monitoring systems that 
take full advantage of artificial intelligence and advanced 
technology to measure progress, check for compliance 
with regulations, and identify any inconsistencies in the 
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system. Such systems enable organizations to identify, an-
alyse, and establish parameters within the EMS. AI has the 
potential to streamline and enhance the monitoring and 
reporting procedures related to environmental compli-
ance. Through the analysis of data obtained from multiple 
sources and its comparison with regulatory guidelines, AI 
technologies can support organizations in achieving ad-
herence to environmental regulations and standards. 
Consequently, the utilization of AI can alleviate adminis-
trative complexities and enhance the precision of report-
ing activities. 
AI has the potential to enhance sustainable resource man-
agement through the examination of data on the availa-
bility of resources, patterns of consumption, and alterna-
tive possibilities. This can be achieved by utilizing AI meth-
odologies such as optimization algorithms and predictive 
modelling, thus enabling organizations to improve the ef-
ficacy of resource utilization, minimize wastage, and miti-
gate their ecological footprint. 
Amazon Web Services (AWS) and Microsoft Azure are 
cloud computing platforms that provide pre-trained AI 
modules [85]. This assists the development of artificial in-
telligence solutions in business. AI solutions help a variety 
of industries where the capabilities of cloud computing 
platforms drive business growth and transformation. Dig-
italization on the cloud can be regarded as a priority for 
even small and medium businesses to gain efficiencies 
that reduce operating costs and make them more agile 
and competitive [86]. According to 451 Research, AWS 
can reduce customers' workload carbon footprints by up 
to 80% compared to enterprise data centres [87]. The use 
of AWS and Microsoft Azure cloud services can lead to in-
creased sustainability due to economies of scale. A study 
from 2018 found that the use of Azure can be up to 93% 
more energy efficient and 98% more carbon efficient than 
on-premises solutions [88].  
EMAS and ISO are effective instruments for the environ-
mental governance of an entity and are founded on vol-
untary participation. Both EMAS and ISO/EN ISO 14001 
have the common goal of promoting effective environ-
mental management, but they are frequently perceived 
as being in competition with each other. However, in 
1996, the Commission acknowledged that ISO/EN ISO 
14001 could serve as a starting point for adopting EMAS 
[89]. Consequently, incorporating ISO/EN ISO 14001 as 
the management system component of EMAS enables or-
ganizations to seamlessly transition from ISO/EN ISO 
14001 to EMAS without duplicating their efforts [89, 90, 
91]. If an EMS is adopted from a managerial perspective, 
it depends on the organizational structure of a business.  
Two standards, ISO and EMAS, allow for a clear improve-
ment in environmental performance. However, many 
studies focus on the need for a broad environmental as-
sessment linked to production processes and pollution, 
energy consumption, and waste management issues [92, 
93]. 
In addition, both Amazon and Microsoft are committed to 
using 100% renewable energy to power their servers by 
2025 [87, 94]. 

The following are some recommendations for using AI-
based environmental management systems [95]:  

− In terms of implementing an AI-based environmental 
management system, the industry can use manage-
ment counsellors to help speed up the integration of 
document systems and increase price flexibility when 
negotiating accreditation fees with accrediting institu-
tions. 

− AI-based environmental management systems are ex-
pected to become a standard in environmental man-
agement in the future. They can provide sustainable 
development by balancing environmental protection 
and economic profit. Implementing these systems at 
an early stage can help organizations achieve sustain-
able efficiency. 

− Governments and relevant authorities should work to 
proactively introduce measures to industry to pro-
mote the green enterprise model. This support needs 
to be coming from the top management of the indus-
try, as well as employees who are trained and encour-
aged to adopt these systems. Proper maintenance and 
periodic updates of these systems are also reliant on 
the cooperation of company management. 

There are several potential domains in which blockchain 
technology can find application, such as traceability and 
transparency, carbon emissions monitoring and trading, 
environmental certification and adherence, collaboration 
and data sharing among stakeholders, mechanisms to en-
courage sustainable behaviour, and ensuring the integrity 
and security of data. 
Blockchain technology has the potential to enhance the 
ability to trace and understand environmental activities 
and their consequences across the entire supply chain 
[96]. Through the utilization of a decentralized ledger to 
record and securely store data, blockchain can establish a 
transparent and unalterable record of actions and their 
corresponding environmental factors and effects. This ca-
pability enables stakeholders to effectively monitor and 
validate assertions made about sustainability, thereby 
promoting increased responsibility and confidence. 
The utilization of blockchain technology can enhance the 
monitoring and exchanging of carbon emissions credits 
[97]. Through the generation of digital tokens that repre-
sent specific emissions quantities, blockchain enables pre-
cise measurement and validation of carbon footprints. 
Moreover, the implementation of smart contracts auto-
mates the trading process, enabling organizations to buy 
and sell emission credits. This incentivizes the reduction 
of emissions and promotes a more effective carbon mar-
ket. 
Blockchain technology has the potential to facilitate the 
certification and verification of environmental standards 
and compliance [98]. By securely documenting certifica-
tions, permits, and regulatory requirements on a block-
chain, the veracity and precision of claims can be easily 
confirmed. Consequently, this has the potential to 
streamline audit procedures, mitigate instances of fraud-
ulent activity, and augment trust in environmental certifi-
cations. 
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Stakeholder collaboration and data sharing can be en-
hanced using blockchain technology [98, 99]. Specifically, 
blockchain can provide a secure and efficient platform for 
various stakeholders involved in environmental manage-
ment to share data. By utilizing permissioned blockchain 
networks, organizations can securely exchange sensitive 
information about their activities, impacts, and aspects, 
while also preserving privacy and data ownership. This ca-
pability of blockchain can facilitate collective decision-
making and collaboration, ultimately leading to improved 
effectiveness in environmental management practices. 
Blockchain-based tokens or cryptocurrencies have the po-
tential to establish effective incentive mechanisms to pro-
mote sustainable behaviour [100]. By utilizing these to-
kens, both organizations and individuals can be incentiv-
ized to adopt environmentally friendly practices or meet 
predetermined environmental goals, thereby receiving 
rewards. These rewards can be exchanged for various ad-
vantages, goods, or services, thereby fostering a self-sus-
taining system of incentivized endeavours towards sus-
tainability. 
Blockchain's decentralized and immutable characteristics 
have the potential to improve the reliability and protec-
tion of data in environmental management systems [101]. 
By eliminating a centralized vulnerability and providing 
cryptographic security, blockchain technology can guar-
antee the precision and legitimacy of environmental data. 
This is especially advantageous when handling confiden-
tial information about environmental effects and regula-
tions adherence. 
Several potential domains exist in which big data and IoT 
can be effectively implemented. Real-time environmental 
monitoring is facilitated through the Internet of Things 
(IoT), which allows for the gathering of real-time data 
from a range of sensors and devices deployed in the envi-
ronment [102]. These sensors can capture data on various 
environmental factors such as air and water quality, tem-
perature, humidity, and noise levels. By employing big 
data analytics, this extensive dataset can be analysed and 
processed to offer valuable insights into environmental 
aspects and their consequences. Consequently, this ena-
bles decision-makers to make more informed and timely 
decisions. 
By integrating advanced data analytics with both histori-
cal and present environmental data, it becomes feasible 
to construct anticipatory models for evaluating environ-
mental effects [103]. These models can detect patterns, 
interconnections, and tendencies, thereby providing pro-
jections of potential outcomes for various activities. 
Through an enhanced comprehension of the probable 
ramifications, entities can adopt pre-emptive strategies to 
alleviate adverse environmental consequences. 
Using big data and the Internet of Things (IoT) presents an 
opportunity for environmental management systems to 
optimise resource consumption [104]. Through the collec-
tion and real-time analysis of data on resource usage, in-
cluding energy and water consumption, organizations can 
effectively identify inefficiencies and devise strategies to 
mitigate waste and enhance resource efficiency. This not 

only results in cost savings but also serves to minimize the 
environmental impact. 
The utilization of Internet of Things (IoT) devices and the 
application of big data analytics can facilitate the develop-
ment of early warning systems aimed at identifying and 
predicting environmental risks [105, 106]. Through the 
continuous monitoring of sensor data and its integration 
with historical data, algorithms have the potential to iden-
tify abnormalities or deviations that could serve as indica-
tors of potential environmental hazards. Consequently, 
this enables timely interventions and proactive measures 
to mitigate such risks. 
Stakeholder engagement and citizen science initiatives in 
environmental management can be facilitated using big 
data and IoT technologies [107]. By utilizing IoT devices 
and mobile applications, citizens can collect and share en-
vironmental data, which in turn contributes to the crea-
tion of extensive datasets. Through the application of big 
data analytics, this collective data can be analysed to gain 
a more comprehensive comprehension of environmental 
factors and their effects. The involvement of citizens in 
environmental monitoring serves to cultivate a sense of 
responsibility and empowers communities to actively en-
gage in the decision-making processes related to environ-
mental matters. 
Decision support and scenario analysis play a crucial role 
in leveraging big data analytics for effective decision-mak-
ing in environmental management systems [108]. 
Through the integration of data from diverse sources, 
such as IoT devices, organizations are empowered to 
make informed decisions that optimize their activities, 
minimize environmental harm, and ultimately achieve 
sustainability objectives. Notably, scenario analysis offers 
the ability to simulate the potential outcomes of different 
strategies, aiding in the identification of the most efficient 
and environmentally conscious approaches. 
 
CONCLUSIONS 
This paper delves into the possibilities offered by cutting-
edge technologies in enhancing environmental manage-
ment systems. It is important to acknowledge that alt-
hough AI technologies present considerable possibilities 
for environmental management systems, their effective 
adoption should be coupled with thorough deliberation of 
ethical and social consequences [109, 110], concerns re-
garding data privacy, and continual oversight and upkeep 
of AI systems. 
It is crucial to acknowledge that although blockchain tech-
nologies hold promise for environmental management 
systems, their implementation must consider various con-
siderations including scalability, energy usage, compatibil-
ity with current systems, and the necessity for standardi-
zation. Furthermore, effectively dealing with legal and 
regulatory obstacles associated with the use of blockchain 
in the environmental sector is essential for its widespread 
acceptance and integration into established frameworks. 
When integrating big data and IoT solutions into environ-
mental management systems, it is imperative to confront 
obstacles concerning the reliability of data, safeguarding 
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privacy, and security, and promoting interoperability. 
Moreover, guaranteeing the ethical and responsible utili-
zation of data and considering the viewpoints and re-
quirements of various stakeholders are pivotal for the ef-
fective implementation and acceptance of these technol-
ogies. 
The research limitation of this study is that the data for 
literature analysis has been derived from the Scopus da-
tabase. Therefore, the future study should utilize various 
data sources and databases. 
Suggestions regarding future directions of research may 
include analysis of strengths, limitations, and applicability 
of various advanced technologies for environmental man-
agement systems, including emerging technologies across 
diverse industries and environmental challenges. Other 
suggestions are to conduct long-term studies to evaluate 
the environmental, social, and economic impacts of ad-
vanced technologies and assess their effectiveness in 
achieving sustainability goals, potential risks, or unin-
tended consequences, and identify strategies for continu-
ous improvement. 
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