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Abstract 

[Purpose] The paper explores trends in the legal and regulatory landscape in respect of 

sustainable telecommunications infrastructure and the nexus between environmental 

sustainability and digital transformation. It analyzes critically the role of modern domestic 

and international legal systems on the environmental effects of telecommunications 

deployment, namely energy use, e-waste disposal, and spatial issues due to network 

expansion. Moreover, the research aims to suggest normative and institutional directions 

that harmonize the fast rate of technological advancement with the ecological 

sustainability, therefore, informing the formation of the telecommunication industry in line 

with the rules of environmental justice and green digital transformation. 

[Methodology/approach/design] The study uses a doctrinal and comparative legal 

approach, which examines the legislation, regulatory policies, and judicial cases in the 

chosen jurisdictions, i.e., India, Brazil, the United States, the United Kingdom, the 

European Union. It uses a multidisciplinary approach which incorporates environmental 

law, administrative governance, and infrastructure regulation to determine inconsistencies 

in the policies, enforcement discrepancies, and institutional issues. The approach points to 

the interaction between soft law and hard law tools and explores their usefulness in 

contributing to the environmental performance and compliance behaviour of 

telecommunication companies. 

[Findings] The paper concludes that despite the speeding up of regulatory regimes to 

enforce the sustainability requirements, they have limitations due to inefficiency in the 

operation processes, jurisdictional issue, and the dynamic nature of technology. 

Jurisdictions are better placed with a hybrid approach of combining both rules approach 

and incentive based (i.e. renewable energy regulations, tax credit, and carbon reporting 

requirements) as it has a higher chance of realizing regulatory integrity and quantifiable 

environmental results. The findings suggest the need to establish a balanced combination 

of the connectivity imperatives and environmental imperatives using adaptive regulation 

based on the concept of precaution, proportionality, and accountability. 
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International (Deemed University), Pune, India. E-mail: sheikh.mansoor@slsh.edu.in. 
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[Practical implications] The article suggests integration of sustainability conditions in 

telecom licencing, setting and confirmation of emissions reduction levels and promotion of 

the green innovations by means of public-privatised partnerships. It offers applicable 

insights to the policymakers, government, and industry players aiming to achieve the best 

balance between telecom growth and environmental sustainability. 

[Originality/value] This paper continues to contribute to the emerging literature on the 

green network governance, since it unites the mutually depending concepts of 

environmental jurisprudence and telecommunications law, thus bringing promising 

comparative analysis of sustainable net architecture development.  

 

Keywords: Sustainability. Regulation. Telecommunications. Governance. Infrastructure. 

 

INTRODUCTION 

The telecommunication sector in the world over the past two decades has 

undergone a radical transformation, especially following the escalating spread of 

digital technologies and the rise of the growing centrality of connectivity to socio-

economic development (Gómez-Barroso & Marbán-Flores, 2020). The 

introduction of fiber optic networks, the development and evolution of broadband, 

as well as the introduction of the next generation infrastructure, have fully 

transformed the sphere of communication, allowing access into the unrestrained 

world of information never before reached and making the realization of different 

spheres possible (Kaushik et al., 2020). In keeping with these technological 

advances, though is a blend of both positive and negative environmental problems 

that have taken over the arena of the contemporary control argument. As telecom 

infrastructure deployment and operation are key indicators of economic growth 

and incorporation of social factors, they are likely to have ecological externalities, 

including energy intensive operation, emission greenhouse gases and electronic 

waste production (Sarangi & Pradhan, 2020). The urgency of the need to 

conceptualise a legal and regulatory framework that would balance the 

requirements of technological advancement over the values of intergenerational 

equity, environmental stewardship and sustainability is also of importance as 

noted in this dichotomy (Alsaleh, 2024). 

The green digital transition i.e. the process of integrating digital 

technologies and telecommunications infrastructure in ways that minimize 

environmental impact, promote energy efficiency, and align network expansion 

with sustainable development goals has emerged as a significant paradigm, both 

in terms of policy-making and the law, over the last couple of years (Vermeulen 

& Pyka, 2024). This type of change is not restricted to the introduction of the 

energy-efficient technologies only, but also the process of introducing the 

principles of sustainability into the regulatory framework of the 
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telecommunications industry, the licensing regulations and the corporate 

governance policies (Hassan et al., 2024). Green digital transition itself is also 

inherently multidimensional and difficult, and includes not only technological 

solutions and measures but also is a complex of mandates at the legislative level, 

administration regulations, and international obligations (Guandalini, 2022).The 

augmented digital infrastructure is arguably evaluable and directed in the basic 

framework of the environmental law and its priorities to precautionary and 

polluter- pays principles i.e. A legal and regulatory doctrine mandating that 

entities responsible for environmental harm bear the costs of preventing, 

mitigating, or remediating the damage, thereby internalizing environmental 

externalities into operational and compliance decisions, along with the duty not to 

pollute the environment (Verdecchia et al., 2022). In this regard, the regulators 

are supposed to ensure that the infrastructural projects are presented as meeting 

the environmental impact assessment, as being in compliance with the limit of 

emission, as being able to embrace the principles of recycling of the electronic 

waste at the same time ensuring that the efficiency and universality of the 

telecommunication services operating (Chi et al., 2015). 

Sustainable telecom infrastructure is not limited to environmental safety, 

but has more socio-legal objectives, including promoting fairness in access to 

digital infrastructure, consumer protection of their rights, and promoting citizen 

participation in the governance process (Hinge et al., 2020). Telecommunications 

infrastructures are by definition ubiquitous; spreading through urban and rural 

areas and may require a complex relationship with land-use authorities, city or 

city planning boards and energy regulations (Anttiroiko, 2013). This means that 

the legal framework under which the telecom implementation can be based cannot 

be insulated of the environmental considerations so that any lapses in regulation 

can result in bad ecological impacts, legal susceptibility or conflict with other law-

making mandates (Mansoor, 2025). The institutional devices of the nexus 

between telecommunications and the environment ought therefore to perform the 

role of the tools that complement one another, i.e., meeting the demands of 

universal service provision, competition and technological advancement, as 

opposed to the principles of sustainability and environmental policy as per the 

generalizations of the constitutional and legislative norms (David, 2019). 

Transnational legal requirements also include Telecommunications 

sustainable infrastructure, and this is indicative of the cross-border nature of 

environmental damages and global connectivity of the digital divide (Wang et al., 

2018). The national regulatory frameworks are on the increase of chances of 

mutual interaction with agreements, conventions and soft-law instruments like 

climate change, e-waste management and energy efficiency treaties and 

conventions, both have responsibilities which are substantive and procedural in 



From Fiber to Sustainability: Legal and Regulatory Challenges in Green Telecom ... (p. 206-237) 209 

 

MANSOOR, S. I. U. From Fiber to Sustainability: Legal and Regulatory Challenges in Green Telecom Deployment. 
The Law, State and Telecommunications Review, v. 18, no. 2, p. 206-237, May 2026. 

their duties to both the operators and the regulators (Hallur & Sane, 2018). This 

would require that such obligations be duly adhered to by incorporating 

environmental considerations in the licensing regimes and spectrum allocation 

regimes, together with network deployment strategies (Sathye & Sathye, 2021). 

Moreover, the regulators need to make sure that they anticipate and mitigate the 

potential conflict between the opposing legal objectives like urban planning laws, 

labor and protection of consumer law, which may be affected by the locality, 

building, as well as functioning of telecommunication infrastructure (Mishra et 

al., 2024). This necessitates a dynamic and collaborative regulation practice that 

foreshadows sustainability and secures functional requirements of the industry 

(Meena & Geng, 2022). 

Green digital transition implies re-examination of the traditional doctrines 

of the regulations in the context of jurisprudence (Perdana & Chu, 2025). One 

such principle is the proportionality principle, which assumes the enhanced 

relevance in the reasonableness, non-arbitrariness and consistency of 

environmental restrictiveness of telecom operators to the common good (Sun et 

al., 2025). In a more similar vein, the administrative discretion doctrine should be 

applied in a way that is not contradictory to the environmental requirements so 

that regulatory decision-making on the infrastructure deployment does not affect 

the ecological integrity or the common good (Palmer et al., 2024). There has been 

a growing case among legal scholars that statutory and regulatory instruments 

should show a dynamic approach, one responsive to the current changing 

technological and environmental environment, whilst remaining true to the 

purposes of the policy of telecommunications (Deepender et al., 2021). Such a 

strategy would involve the introduction of sustainability thresholds into 

performance standards, the incentive of environmentally friendly technologies 

and the establishment of legally binding environmental compliance requirements, 

which would establish a legally consistent and operable structure of green telecom 

implementation (Wong, 2021). 

The necessity of a sustainable telecommunications infrastructure is, 

therefore, not purely technical or economical but of a legal and normative nature 

(Leong et al., 2024). With the digital connectivity becoming a necessity to 

participate in social life, economic competitiveness, and governance, the law has 

to be adjusted so that the growth of fiber networks and broadband services can be 

adjusted to the environmental protection and climate change mitigation goals 

(Lynn et al., 2022). Policymakers and regulators are being faced with the difficulty 

of balancing the environmental requirements into licensing, spectrum operation, 

and operational control without inhibiting innovation or derailing the universal 

service provision (Gandhi et al., 2024). Having placed the deployment of telecom 

infrastructures in the greater juridical context of sustainability, the paper aims to 



210 From Fiber to Sustainability: Legal and Regulatory Challenges in Green... (p. 206-237) 

 

MANSOOR, S. I. U. From Fiber to Sustainability: Legal and Regulatory Challenges in Green Telecom Deployment. 
The Law, State and Telecommunications Review, v. 18, no. 2, p. 206-237, May 2026. 

investigate the regulatory complications, normative conflicts and practical issues 

related to green digital transition (Mendonça et al., 2022). By so doing, it 

underscores the importance of the environmental law, administrative regulation, 

and jurisprudential principles in creating an effective, inclusive, and ecologically 

friendly telecommunications ecosystem. 

The paper explores the legal and regulatory issues relating to the 

implementation of sustainable telecommunications infrastructure with special 

focus on the interplay of environmental law and digital connectivity (Tang et al., 

2021). It will examine legislative frameworks, regulatory tools, and policy 

interventions that guide the roll-out of green telecom, find the gaps and 

enforcement issues, and determine the best practices of similar jurisdictions. 

These jurisdictions were selected due to their varied regulatory frameworks, 

models of governance and sustainability process and thus helped in making a 

comparative analysis of these legal regimes, the enforcement mechanisms as well 

as the institutional responsibility of promoting green telecommunications on the 

global front. The paper also aims to give practical suggestions to balance 

technological growth and environmental sustainability, so that regulatory 

authorities create a connection and an ecological stewardship.  

TELECOM INFRASTRUCTURE AND ENVIRONMENTAL IMPACTS 

Although the development of the telecommunications infrastructure is the 

foundation of the modern knowledge economy, it has important environmental 

consequences that require strict legal and regulatory controls (Tang et al., 2021). 

The operation, maintenance and construction of networks such as fiber optic 

networks, broadband hubs and wireless towers all involve large energy 

requirements, use of natural resources and electronic waste generation (Andriolli 

et al., 2022). When the same environmental pressure is not controlled, it may 

undermine any sustainability goal and lead to legal liability due to the 

environmental laws, regulations and also international requirements (OECD, 

2025). The legal debate on the telecom infrastructure is becoming more aware of 

the necessity of a regulatory paradigm between the technological imperative and 

the ecology; therefore, it introduces obligatory responsibilities on the operators, 

and it allows regulatory bodies to make it paradoxical by the sanctions imposed 

by the regulatory bodies through monitoring, regulation, and incentives (Gandhi 

et al., 2024).                                                                                                                                                                                                                                                                                                                                                                                                                

One of the most critical environmental issues within the 

telecommunications industry is energy usage in the industry (Ezeigweneme et al., 

2024). Switches, routers, servers, base stations all need power to maintain 

networks, and this may be a significant source of greenhouse gases, provided that 

power is purchased via grids with a high carbon content (Shihab et al., 2023). 
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Regulatively, such effects are brought about by national environmental 

regulations as well as global limits on climate under international treaties (Wu & 

Tham, 2023). As an example, statutory regulations requiring the minimization of 

the carbon footprints or the compliance with the energy efficiency requirements 

force the network operators to incorporate the technologies and practices that 

increase energy savings into the infrastructure deployment (Yunxia & Yuqing, 

2025). Further, administrative regulations adopted by regulatory bodies can 

introduce certain requirements to energy audits, reporting, and compliance 

certification, creating a legal system, according to which ecological responsibility 

becomes legally binding. The law that has evolved around such obligations is 

placing greater emphasis on the principle of due diligence, which places 

responsibility on the operators in cases of foreseeable environmental damage as 

well as the proactive measures of mitigation which should be geared towards 

sustainable development (Malaihollo, 2021). 

Another acute environmental impact dimension of telecom networks is the 

problem of electronic waste and the sustainability of materials (Kukreti & 

Ganguly, 2024). The time-limited nature of technological obsolescence, as well 

as high rates of devices and equipment turnover, adds to the levels of e-waste that 

contain hazardous materials, including heavy metals, flame retardants, and rare 

earth elements (Singh et al., 2023). The Environmental law offers a basis in which 

the problems can be dealt with, both substantively and procedurally. Statutory 

requirements may hold on to correct disposal, recycling, or re-purposing of older 

equipment, whereas administrative requirements may include a requirement of 

extended producer responsibility, record keeping, and reporting requirements on 

operators and manufacturers (Wiśniewska et al., 2023). The regulatory theory, the 

polluter-pays doctrine, is a control principle here to guarantee that the groups of 

contributors of e-waste have the financial and operational contribution burden of 

mitigation (Schmidtchen et al., 2021). The international legal frameworks such as 

the conventions on hazardous waste, additional strengthen the duties of the 

telecom operators domestically, and the domestic policy has to be aligned with 

the worldwide environmental regulations (Kumar et al., 2023). Compliance, 

therefore, requires that they not only implement technical measures but also 

strong corporate governance frameworks with the capacity to incorporate legal 

requirements into the decision-making of the operations (Kummer, 2000). 

The ecological externalities of network growth are not solely limited to 

energy consumption and material resources waste but also face larger ecological 

and social-legal implications (Wu et al., 2025). Physical infrastructure 

(transmission towers, fiber trenches, and data centers) often encroaches on land-

use controls, urban planning laws and the data is often within the boundaries of 

secure zones of environmental protection (Huang et al., 2022). The location or 
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planning may be uncritically located, which may cause disturbance of the habitat, 

degraded landscape, collisions with ordinances or zoning codes, creating both 

legal liability for the operators and the regulatory bodies (Tan et al., 2024). The 

environmental impact assessment, which is required under the administrative law, 

is an important tool that determines the potential environment impact before usage 

and ensures that the decision-making process is both based on the precautionary 

principle and is aligned with statutory levels of sustainability (Sandwal et al., 

2025). In addition, network expansion can contribute to increased resources 

competitiveness, especially in cities where land and energy are limited and where 

the regulators need to balance the interests of the individual actors that include the 

private operators, the government and the civil societies (Fattouh & Karaki, 

2025). The analytical approach to such trade-offs has been offered by the legal 

doctrines of proportionality and reasonableness in making institutional decision, 

so that regulators may explain the restrictions on the deployment of networks 

without losing sight of the overall policy. 

The regulatory issue is not a simple question about establishing the 

environmental impact of telecom infrastructure, but the legal procedures that can 

be made workable to realize sustainable practices. Environmental requirements 

are being incorporated into the licences and permits and the environment 

specifications place the requirement on the adherence to the emissions, waste 

management requirements, and the energy efficiency requirements (Hinge et al., 

2020). CEO supervision, through periodic reviews and reporting requirements 

maintains accountability and the lack of accountability is supported by 

punishment. Judicial review frameworks also enable the involvement of 

stakeholders such as civil society organizations and affected communities, to 

oppose infrastructure projects that do not comply with the standards set by the 

environment, through which they can introduce the ideals of participation to the 

governance of telecom networks (Gill et al., 2021). This status of environmental 

law as a multi-layered system highlights the role of the law in this sector 

concerning its centrality to the creation of the sector by making the operators, 

regulators, and policy-makers responsible for demonstrating sustainability 

(Devarhubli & Shrivastava, 2024). 

Moreover, the convergence between technological innovation and 

environmental regulation creates at the same time, opportunities and challenges 

(Abid et al., 2025). New energy-efficient network technologies are the low-power 

fiber-based networks, the renewable energy-based base stations are methods 

through which carbon footprints can be lessened and yet their use can only be 

realized by changing the current legal and regulatory initiatives (Safitra et al., 

2024). Regulators tend to use incentives, e.g. tax credits, subsidies or fast-tracked 

licensing steps to promote the use of sustainable technologies as part of 
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incorporating environmental goals into the larger policy tool kit (Thanassoulis et 

al., 2022). As legal theorists point out, the aforementioned forms of regulatory 

mechanisms must be transparent, predictable, and proportional in that the 

incentives must not lead to unfair competition and contradict the universal service 

requirements. Comparative analysis in other jurisdictions indicates that the 

adjustment of the technology to the environment and vice versa necessitates the 

flexibility of the governance systems, continuous monitoring, and the possibility 

of making the necessary changes to the statutory and administrative regulations 

in line with the alternating environmental and technological conditions (Jaffe et 

al., 2003). 

The aggregate impact of energy consumption, electronic waste and other 

externalities on the environment in general is to seek a uniform and regulatory 

legal system over telecommunication infrastructure (Rene et al., 2021). 

Sustainability in this case does not just exist as a longing, but it is a binding 

provision, which is guided by the legal platform, administrative and international 

laws. The green digital transition, in its turn, implies the wide expertise of the 

ecological implication of the networks introduction and the introduction of 

regulatory instruments which are able to minimize the adverse impact and proceed 

with the extension of the connectivity (Collin et al., 2024). It is this dual objective, 

moving the development of technologies forward and securing the environment 

that is the normative and regulatory ground on which the modern telecom 

governance is to be founded, providing the legal explanation why the 

environmental aspect needs to be implemented on all the stages of infrastructural 

planning, infrastructural deployment and infrastructural operation (Abdeljalil et 

al., 2022). 

Legal Frameworks Governing Green Telecom Deployment 

The environmental aspect in telecommunications infrastructure integration 

demands a multifaceted law and regulation framework which covers national 

laws, international treaties, in addition to sector-specific laws (Tang et al., 2021). 

The framework can be used to ensure the growth of digital connectivity is aligned 

with the organizational objectives of environmental sustainability so that telecom 

networks are deployed and operated in accordance with legal requirements aimed 

at reducing the ecological consequences (Zopounidis & Lemonakis, 2024). 

In India, the Telecom Regulatory Authority of India (TRAI) has also been 

very proactive on the issue of environmental implications of telecommunications 

(Kukreti & Ganguly, 2024). In 2011, TRAI came up with green 

telecommunications consulting paper that contained the guidelines on how 

telecom networks can reduce carbon footprint. These had guidelines that indicated 

that a significant proportion of the telecom towers would be powered by 
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renewable energy as the source, and an aspiration of having an urban and rural 

telecom towers which shall be hybrid powered by 2020 (TRAI, 2011). The 

Department of Telecommunications (DoT) adopted these recommendations 

whereby the telecom service providers would have to implement energy 

conservation measures and inject renewable energy solutions (TRAI, 2025). In 

addition, the industry has also established more energy-efficient telecom 

equipment’s in place by the Bureau of Indian Standards (BIS), which is another 

step towards introducing sustainability to the regulatory setting of the sector 

(Abhyankar et al., 2023). 

It is possible to explain the strategy employed by Brazil in the 

implementation of green telecom as a regulatory attempt as well as industry-level 

sustainability initiatives (Von Podcameni et al., 2025). The National 

Telecommunications Agency (ANATEL) has been collaborating with the Inter-

American Development Bank (IDB) to ensure that there are viable practices in 

the telecommunications sector (de Freitas et al., 2020). This partnership is aimed 

at creating an Environmental, Social, and Governance (ESG) index that would be 

specifically adjusted to telecom operators, evaluating the energy consumption, 

emissions, and perspectives toward the circular economy (de Paula e Souza & 

Baidya, 2016). Also, how telecom companies in Brazil have managed to enact 

measures that see them integrate carbon of renewable energy in their operations, 

by launching distributed generation schemes, as well as setting up renewable 

energy certificates. These initiatives show an increase in awareness of the need to 

be an environmentally responsible industry (Werner & Benites Lazaro, 2023). 

The legal environment in the US regarding the deployment of green 

telecom is dictated by federal and state regulations. The Federal Communications 

Commission (FCC) has started procedures to ease the procedures of approving 

wireless infrastructure, which may reduce the aspects of environmental reviews 

on the National Environmental Policy Act (NEPA) (Mitra et al., 2024). The move 

will speed the implementation of broadband networks, especially in the rural 

regions, and balance environmental issues. Additionally, legislations, such as 

Green Communications Act, were introduced in an attempt to establish the grant 

and loan services encouraging the adoption of efficient energy technologies and 

enhancement of the network resilience (Nithyanandam et al., 2023). The policies 

of the state level, enhancing the integration of the renewable energy sources and 

reducing the carbon emissions in the telecom procedures, are added to the federal 

initiatives (Gandotra et al., 2017). 

The European Union guidelines and the domestic policies influence the 

regulatory context of sustainable telecom in the United Kingdom. The UK has an 

obligation of reducing carbon emission that is reflected in the Carbon Reduction 

Commitment (CRC) Energy Efficiency Scheme, according to which big 
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companies, including telecommunication companies, are required to control the 

usage of energy and emission of carbon (Gudde et al., 2021). Telecom operators 

are also encouraged to adapt to the use of energy saving technologies and 

renewable energy in order to meet such demands (Owen & Barrett, 2020). In 

addition to this, it is essential to mention that the fact that the UK is an EU ETS 

member affects telecom operators because they could be subjected to carbon price 

policies that promote the reduction of greenhouse gas emissions (Dechezleprêtre 

et al., 2023). 

The policy of implementing the presence of green telecom in the European 

Union into operations is guided by various rules and measures towards ensuring 

sustainability in the aspect pertaining to the industry (van Vliet & Hammond, 

2025). To make telecom rules easier, the French Commission has come up with 

the Digital Networks Act, which seeks to increase the number of contributions 

that the sector can offer to green transition in the EU (Czyżewska-Misztal et al., 

2025). This incorporates policy to promote adoptions in energy saving 

technologies, adoption of renewable energy sources in telecom infrastructure. 

Also, the Corporate Sustainability Reporting Directive (CSRD) of the EU obliges 

big enterprises, such as telecom operators, to issue information concerning 

environmental, social, and governance (ESG) issues, thereby enhancing 

transparency and accountability in their sustainability engagement (Operato et al., 

2025). Although undergoing negotiation, the Green Claims Directive of the EU is 

intended to hinder the practice of misleading environmental claims made by 

companies, thus ensuring that the sustainability claims of telecom operators are 

confirmed and justified (Vikingsson et al., 2025). 

A few treaties and agreements in different countries also affect the laws 

that regulate green telecom implementations. The agreement of Paris, which was 

adopted within the framework of the United Nations Framework Convention on 

Climate Change (UNFCCC), commits countries to binding commitments to curb 

global warming and to cut greenhouse gas emissions (Wu, 2016). Although the 

agreement is silent on the telecommunications sector, it has broad objectives, and 

as such, countries will need to integrate climate concerns in all sectors, including 

telecommunications (Maneejuk & Yamaka, 2020). The guidelines and standards 

of the environmentally sustainable information and communication technologies 

are also established by the United Nations through the International 

Telecommunication Union (ITU) which is a specialized agency. Such 

recommendations cover energy-efficient network architecture planning, 

exploitation of renewable sources of energy and e-waste management, which give 

the world a set road map on sustainable telecom practices (Routray & Mohanty, 

2024). 
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In as much as the national and international frameworks offer a platform 

through which sustainable telecom deployment can be made, regulatory design 

and effectiveness of enforcement are not uniform. A report by TRAI of 2020 in 

India revealed that there were improbable gaps in compliance and monitoring with 

only around 35% of telecom towers fully utilising hybrid or renewable energy 

systems, even in 2020, despite green telecom site guidelines of 2011 (TRAI, 

2024). Equally, according to ANATEL (2019) which reviewed its energy efficient 

tower installations in Brazil, it was evident that 28% of the operators have not 

achieved stipulated reduction goals of emissions (Energy Partnership Brazil, 

2023). Such values demonstrate the necessity of effective accountability systems. 

The critical analysis of these results shows that enforcing them does not only 

consist of the procedure, but depends on the congruence of the incentive, clarity 

of the laws, and capacity of the organisations with the role of being a norm can 

play in balancing the growth of infrastructures and environmental management 

by designing adaptive regulation systems. 

These legal requirements on telecom operators to use sustainable practices 

are also supplemented by other forms of regulation. When it comes to licensing 

agreements, one of the conditions that the company can impose is adherence to 

the environmental standards i.e. using renewable energy sources and adopting 

energy-saving technologies (Hegab et al., 2023). The regulatory authorities could 

also apply penalties to non-adherence of environmental regulations as an act of 

deterrence of unsustainable activities. Besides, tax credits, grants and subsidies 

are also common incentive programs to push telecom operators to green 

technologies and infrastructure investment (Gupta et al., 2019). Such incentives 

do not only make the concept of adopting sustainable practices affordable 

financially, but also align the economic interests of the telecommunication 

operators with the goals of the environment (Leong et al., 2024). 

 

Regulatory Challenges and Policy Gaps 

The fast proliferation of telecommunication infrastructure has posed a set 

of regulatory issues and gaps in policies that defy attempts to balance the 

development of technology and environmental conservation (Maneejuk & 

Yamaka, 2020). The key to this conflict is the necessity to find a balance between 

the demands of universal connectivity and network efficiency on the one hand, 

and the ecological and social requirements of domestic laws, administrative 

regulations and international obligations on the other (Sahu et al., 2024). Although 

legislations have placed more and more emphasis on environmental sustainability 

as a paramount goal, the practical implementation of this mandate tends to face 

constraints of procedural, subdivided authority and changes in technological 

situations (Snigdhha et al., 2023). Regulators are thus faced with the challenge of 
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balancing conflicting legal requirements, and balancing the different stakeholder 

interests and creating effective and legally justifiable mechanisms to enforce the 

rules (Taeihagh et al., 2021). 

The main problem is to harmonize development of infrastructure and the 

environment. Largely the installation of fiber and broadband node and wireless 

tower are time bound and also strategic to the national economic growth (Hinge 

et al., 2020). At the same time, the development of this type of infrastructure will 

have possible ecological effects, such as the disruption of habitats, the 

employment of more energy, and electronic waste generation (Biswas & Sharma, 

2025). Environmental impact assessment laws, zoning regulations, and municipal 

planning codes are also legal tools that are intended to reduce such effects, and 

the issue with such tools in the context of the rapidly changing telecom equipment 

is often challenging (Kritika & Sharma, 2025). India is an example of a country 

in which the Environmental Protection Act and other impact assessment 

regulations dictate that infrastructure projects and developments should be 

evaluated, but the time limits of the process are in conflict with the regulatory 

frameworks of rapid implementation of networks, presenting a legal conflict 

between developmental urgency and environmental standards (Turaga & 

Sugathan, 2020). In Brazil, ANATEL faces the same difficulties, as it has to work 

with the environmental agencies, pursuant to the National Environmental Policy 

Act, but they overlap due to ambiguity in jurisdictions and timely approvals (de 

Freitas et al., 2020). Such a balancing exercise highlights the need to have a 

regulatory principle that would incorporate the element of sustainability in the 

planning process, licensing, and the operational processes that would not 

unnecessarily impair the implementation of essential telecom services (Ogwu et 

al., 2025). 

Regulatory difficulties are also increased by the level of gaps in 

enforcement and compliance problems. Even though there are environmental 

statutes and telecom specific regulations of the obligation that is both substantive 

and procedural, the practical enforcement is uneven across jurisdictions (Kukreti 

& Ganguly, 2024). Enforcing adherence in regards to the issue of energy 

efficiency, renewable energy laws and waste recycling strategies may demand a 

lot of administrative skills and resources, technical skills and inter-agency 

challenges (Dey et al., 2022). In the United States, as is the case of the Federal 

Communications Commission and the Environmental Protection Agency in 

developing the principles of sustainable telecom practices, these measures may 

not be fully implemented in the state and municipal levels and, therefore, results 

in a different degree of compliance between the operators (Cramer, 2008). 

Equally, in the case of the United Kingdom, the Carbon Reduction Commitment 

and other schemes based on these are dependent on self-reporting processes that, 
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though legally obligatory, have their limitation on the verification and audit 

potential (Sajjadian, 2023). Such enforcement loopholes render laws weak and 

leave the purpose es of regulation interventions in terms of achieving an 

ecological good condition, which explains the necessity of having well-developed 

systems of compliance that will involve monitoring, reporting, and punishing in a 

legally rational way (Shahbaz et al., 2020). 

The other major policy gap is the conflict between the growth of 

telecommunications and city or land-use planning. Placement of telecommunic 

infrastructure is often subject to crossing with municipality regulations and zoning 

as well as environmental protection laws, creating a possible legal conflict 

(Maneejuk & Yamaka, 2020). There is no simple legal territory like cities and 

assimilating networks must deal with the challenges of preserving heritage, 

aesthetics of the common good, and space restriction. The introduction of the 5G 

networks in the European Union, which is only one of the regions, has brought up 

the law in relation to the location of small cell towers, how effectively the new 

infrastructure can meet the existing requirements and regulations on urban 

planning, and the extent to which the environmental impact analysis should be 

applied to networks densification (Liu et al., 2021). These conflicts in the 

overlapping of competencies between the national, regional and municipal 

authorities further increase the process of ambiguity of the procedure and slows 

compliance (Meena & Geng, 2022). An effective regulatory design therefore calls 

the need of intergovernmental coordination, legal alignment and dispute 

resolution channels that are above stated to be in place to reconcile the needs of 

infrastructure requirements to the statutory requirements to assist in protecting 

urban and ecological environment. 

The laws and the policy instruments that are applicable in the various 

jurisdictions are also heterogeneous thus making regulatory coherence more 

complex. The international treaties and conventions have provided the broad 

outlines of the sustainability objectives but the national and subnational laws may 

vary in their standards, procedures of enforcing them and the requirements of 

certain processes (Orji, 2018). This dissonance can result in unequal application 

of the principles of sustainability in the activity of multinational telecoms and 

raises the question of legal responsibility, due diligence and corporate 

governance. The operators are caught on a dilemma of miring in obligations 

between compliance with the local laws and regulations on the one hand, and the 

standards and expectations of the investors on the other hand. ANATEL 

regulations, environmental licensing requirements and Corporate ESG committed 

have been used as an example in Brazil of how difficult these compliance issues 

may be, and the legal vagueness which creates the risk of conflict and 
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contradiction in terms of accountability and compliance (Costa Alves de Mattos 

et al. 2006). 

In addition, the technological advancements and alterations in the practice 

used in the industry present dynamic regulatory risks. The implementation of a 

new network architecture involving the densification of small cells, filling them 

with cloud data centers, and the adoption of fiber optic networks which are very 

energy-consuming are associated with new environmental challenges that do not 

necessarily tend to reflect well in the existing legal tools (Mollahasani et al., 

2020). Regulatory lag that can be simply defined as the duration of the legal 

institution to react to the technological advancement enlarges the loopholes in 

imposing the duty and adds ambiguity to the range of responsibility of the 

operators (Gandhi et al., 2024). Legal scholars have identified the adaptive 

regulation role where the statutes, administrative regulations and judicial ruling 

evolve with varying technology such that the operators are taken not to be left in 

the dark but at the same time, the preservation of environmental integrity is 

maintained (Lescrauwaet et al., 2022). Such adaptive designs must take into 

consideration the component of proportionality, precaution, and accountability in 

the sense that such regulatory interventions can be justifiable, effective and legally 

justifiable. 

Last but not least, regulatory issues are further complicated by the 

stakeholders. Social participation, system of openness and accountability of 

people, is often a necessity in the proper implementation of the sustainability 

requirements. However, opposing interests among the telecom operators, the 

regulators, the community of the area and the environmental advocacy groups 

could render compliance and monitoring tiresome (Meena & Geng, 2022). Subtly 

referred to as judicial review, the procedure of general consultation and 

participatory planning procedures despite being required by law in most 

jurisdictions should be refined or though fine-tuned to avoid administrative 

sabotage or legislative lapse. These interactions are the ones that make the idea of 

law to be rather significant not as a collection of prescriptive rules but as a rule of 

negotiation, accountability and aligning the opposing goals within the society. 

 

Innovative Approaches and Best Practices 

The realization of sustainability in the telecommunications infrastructure 

requires creative regulatory principles and best practices that can bring into 

alignment technological progress and the care of the environment (Pintor et al., 

2025). In different jurisdictions, the law has been created to encourage green 

behavior, sustainable planning of infrastructural designs and setting of green 

performance standards. 
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In India the Department of Telecommunications (DoT) has introduced 

Universal Service Obligation Fund (USOF) which subsidizes the provision of 

telecom infrastructure to underserved and remote locations (Jain & Raghuram, 

2010). This effort will not only improve connectivity but will also promote the 

use of renewable sources of energy and energy friendly technologies. DoT has 

also collaborated with Telecom Regulatory Authority of India (TRAI) to come up 

with regulations that would promote the application of green technologies in 

telecom operation such as installing hybrid power plant in telecom towers and use 

of equipment’s that would save on energy. Such environmental laws are 

buttressed by incentives that the operators ought to reduce the carbon footprint 

and be sustainable in their business approaches (Mehra, 2020). 

Brazilian policy on the regulation of sustainable telecommunications is 

characterized by a combination of the national policy, as well as the efforts made 

by the industrial institutions (Mattos & Coutinho, 2005). National 

Telecommunications Agency (ANATEL) has established the necessities which 

compel the telecom operators to use energy efficiency and emission restriction 

(de Freitas et al., 2020). In addition, ANATEL has also collaborated with the 

environmental agencies in developing the guidelines of sustainable management 

of the disposal of electronic waste produced by the telecom infrastructure (Jain et 

al., 2023). These legislations are supported with incentives to make the operators 

invest in renewable sources of energy and apply the principles of the circular 

economy to their operations. The other way through which a telecom sector in 

Brazil can be made sure that sustainable practices are embraced is through 

introduction of tax incentives on companies that invest in green technologies 

(Masood & Alam, 2019). 

In the United States, sustainability in the telecommunication sector is most 

facilitated by the federal and state policies. The Federal communications 

commission (FCC) has drafted regulations that will encourage telecom operators 

and emissions to use energy saving technologies (Wang et al., 2024). The 

incentives that are in favor of these guidelines are grants and tax credit to the 

operators who invest in the green technologies. The state of California has also 

embraced the Green Building Standards Code at the state level that entails the 

factors of energy efficient design and construction of telecom infrastructure 

(Chung et al., 2025). The code requires all new telecom facilities to be constructed 

using renewable energy sources and consuming energy-efficient equipment, 

which will lead to the development of energy-sustainable infrastructures (Chung 

et al., 2025). 

The United Kingdom has developed a regulatory system that has 

incorporated sustainability in planning and development of telecommunications 

infrastructure. The Merton Rule that was proposed by the Merton Borough 
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Council is a request that new commercial premises of no less than 1,000 square 

meters should produce no less than 10 percent of their energy demand through 

on-site renewable sources (Pout et al., 2009). Other local authorities have adopted 

this policy and it has shaped the guidance on national planning. Also, the 

European Union Emissions Trading System (EU ETS) in which the UK is a 

member has an effect to the telecom operator since the policies may result in 

carbon pricing measures where the companies are encouraged to reduce 

greenhouse gas emissions (Dechezleprêtre et al., 2023). Such regulatory aspects 

go hand in hand with industry-driven solutions that encourage the use of 

sustainable practices in the telecom industry. 

The sustainable telecommunications regulatory approach by European 

Union is informed by a number of directives and initiatives at the European Union 

level to enhance sustainability in the sector (Gisca et al., 2023). The European 

Commission has come up with the Digital Networks Act that aims at simplifying 

the regulation of telecommunication networks and making the telecommunication 

industry increase its share in green transition in the EU (Engelmann, 2025). This 

involves action that facilitates move to use energy efficient technologies and 

incorporation of renewable energy sources in the telecom infrastructure. Also, a 

report on Corporate Sustainability is a new directive by the EU Corporate 

Sustainability Reporting Directive (CSRD) that stipulates that large companies 

such as the telecom operators, are required to disclose information on 

environmental, social, and governance issues (ESG) which compels greater 

transparency and responsibility about their sustainability business practices 

(Martinčević et al., 2025). Although in its current form, the EU Green Claims 

Directive is still under negotiation, it seeks to thwart deceptive environmental 

claims made by companies, and therefore make the sustainability claims made by 

the telecom operators validated and reasons to believe (Baars et al., 2025). 

However, new methods of sustainable telecom infrastructure planning and 

design are emerging in different jurisdictions. The use of hybrid power systems 

in telecom towers in India has been considered one of the major steps in the carbon 

footprint of telecom operations (Deevela et al., 2024). It is a combination of 

renewable energy sources (solar energy and wind energy), and conventional 

power sources that are used to make these systems reliable and sustainable in their 

energy provision in telecom infrastructure (Israr et al., 2021). Also the use of 

energy efficient equipment’s and energy management systems have played 

another role in energy consumption and reduction of emissions in the telecom 

industry. 

Brazil Sustainable telecom infrastructure planning Interactive shift to the 

concept of a circular economy has become a particular focus point of Brazil. 

Telecom operators are also advised to create infrastructure that puts into 
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consideration the end-of-life phase of their infrastructure and facilitate reuse and 

recycle of material and components (Thomé et al., 2016). This practice does not 

only lower the wastage, but also lowers the environmental impact of telecom 

businesses. Moreover, through regulatory incentives as well as industry 

cooperation, the introduction of renewable sources of energy into the telecom 

infrastructure has been fostered that has largely reduced the level of emission and 

the use of energy (Qadir et al., 2021). 

The market of the United States has established a standard of sustainable 

telecom infrastructure design through the adoption of the Green Building 

Standards Code in California (Hinge et al., 2020). It insists on renewable energy 

resources and less energy depleting equipment’s to be applied in constructing new 

telecom facilities to ensure that the facilities are useful in advancing sustainability 

within the state (Hassan et al., 2024). Also, the implementation of smart grid and 

energy management systems has seen the telecom operators being able to 

maximize the energy utilization and minimize the emissions, which complies with 

the regulatory policy and also the environmental policies (Judge et al., 2022). 

The implementation of the Merton Rule in the United Kingdom has made 

it impactful on the sustainable telecom infrastructure planning by making the new 

commercial buildings to produce a certain amount of their electricity requirements 

by renewable energy sources within them (Hales et al., 2012). This policy has 

caused introduction of such renewable energy technologies within the 

infrastructure of telecom like solar panels and wind turbines that make the telecom 

infrastructure less dependent on non-renewable energy sources and also helps to 

cut the emission of greenhouse gases (Hales et al., 2012). 

The European Union level code of conduct forming sustainable 

telecommunications networks gives telecom operators a guideline in adopting 

best practices in terms of sustainability (The Joint Research Centre: EU Science 

Hub, 2025). This code presents indicators and standard of energy and climate and 

environmental performance and is a voluntary set of guidelines that facilitates the 

sustainability performance of the operators (MacGregor Pelikánová, 2025). 

Besides encouraging the use of green practices in the telecom industry, this 

initiative helps create cooperation between stakeholders in order to meet shared 

sustainability objectives.  

The comparative study of India, Brazil, the United States, the United 

Kingdom and the European Union tells of a convergence and difference on the 

regulatory methods of sustainable telecommunications. In India, the Supreme 

court in M.C. Mehta v Union of India (1986) 2 SCC 176 and Vodafone India 

Services Ltd. v. Union of India (2017) highlights the ability of the courts to 

acknowledge the environmental compliance requirements in telecom activities. In 

Brazil, the example of ANATEL proactive administrative oversight is in the form 
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of a regulatory decision regarding energy consumption in telecom towers 

(Resolution 715/2019). The FCC in the United States in the 2014 Small Cell 

Infrastructure Order have shown a balanced but environmental review in terms of 

NEPA. The UK’s R (on the application of Friends of the Earth) v. Secretary of 

State for Transport (2010) case and the EU’s implementation of the Corporate 

Sustainability Reporting Directive are examples of judicial and legislative 

interventions to incorporate accountability on the environment in the planning of 

infrastructure. The examples can strengthen the legal and doctrinal foundations of 

green telecom regulation in different jurisdictions. 

CONCLUSION 

The analysis of the law and regulation systems that regulate the 

telecommunications infrastructure display the complex relationship between the 

technological growth and the environmental sustainability. As has been shown in 

the analysis, although the combination of national laws, administrative regulations 

and international treaties offers a basis on which green telecom deployment can 

be implemented; there are still important challenges that exist in respect to 

enforcement, compliance and coordination with the urban and land-use planning. 

Policymakers are faced with the challenge of trying to make infrastructure 

development consistent with the ecological demands without having to adversely 

affect the provision of universal connectivity or the efficiency of its networks. The 

paper indicates that the legal framework of telecommunications should also be 

flexible and consistent enough to accommodate the change in technological 

paradigms and at the same time ensure stringent environmental protection 

measures. 

One of the main conclusions of this study is that there has been an ongoing 

conflict between the rapid growth of the network and environmental conservation. 

The development of infrastructure such as the implementation of fiber networks, 

broadband nodes, and wireless towers in themselves induces energy consumption, 

greenhouse gas emissions, and electronic waste. Environmental impact 

assessment laws, carbon reduction laws, energy efficiency laws and various other 

legal mechanisms that are meant to curb the above consequences are not 

completely reduced however, procedural delays, fragmentation in regulations and 

gaps in their implementation make these laws ineffective. Comparative analysis 

shows that jurisdictions that use a mixture of statutory commitments, 

administrative regulations and incentive-based apparatus such as the hybrid power 

regulations that India uses, the ESG index that regulates the telecommunication 

industry in Brazil, the state-based green building codes in the United States as 

well as the Corporate Sustainability Reporting Directive used by the European 

Union are associated with more compliance levels and impactful environmental 



224 From Fiber to Sustainability: Legal and Regulatory Challenges in Green... (p. 206-237) 

 

MANSOOR, S. I. U. From Fiber to Sustainability: Legal and Regulatory Challenges in Green Telecom Deployment. 
The Law, State and Telecommunications Review, v. 18, no. 2, p. 206-237, May 2026. 

results. These results indicate that there is a strong necessity of harmonized, multi-

level regulation schemes to balance ecological preoccupation to infrastructural 

requirements. 

The study also points out that policy coherence can be very fundamental 

to resolving the telecom expansion and urban or land-use planning contradictions. 

The location of infrastructure frequently conflicts with local zoning regulations, 

preservation regulations, and environment protection regulations, leading to 

possible legal challenges and work stop delays. Effective governance therefore 

necessitates mechanisms for inter-agency coordination, procedural 

harmonization, and dispute resolution. Regulatory frameworks that integrate 

sustainability considerations into the planning, licensing, and operational stages, 

coupled with judicial oversight to enforce compliance and adjudicate conflicts, 

can ensure that network deployment advances public interest while adhering to 

ecological norms. 

The suggestions that can be developed on the basis of this research are 

focused on the role of the adaptive and incentive-oriented regulatory approaches. 

As a policy, policymakers ought to incorporate sustainability standards to the 

rules of licensing and permits and make adherence to these standards a condition 

of access to spectrum, subsidies, or other form of benefits gained through 

regulations. High taxes, grants and certification schemes can additionally help 

match the interests of the private with the targets of the government policy by 

encouraging the use of renewable sources of energy, equipment that is energy 

efficient and circulatory economy policies. Moreover, building up monitoring, 

reporting, and verification systems and practices such as the issuance of rather not 

optional disclosures as per the environmental, social, or governance policymaking 

will help to enhance accountability and make sure that the operators are not 

neglecting the law. The comparative practice implies that voluntary codes of 

conduct like the European Union sustainability guidelines to telecommunication 

operators when reinforced with a legal requirement offer a good framework of 

leveling sustainable improvement and innovation in environmental activities. 

Although incentives to adopt green telecom use have contributed to the 

incorporation of energy efficient technology and renewable energy, the possible 

risks of regulatory capture and market distortions need to be considered. The 

implementation and oversight process should be streamlined to make sure that 

such actions result in the desired environmental outcomes without leveling the 

playing field in terms of competitiveness and conformity. Regulatory design 

would serve a better purpose in ensuring that the expansion of infrastructures 

matches the aim of sustainability whereby the introduction of telecom networks 

is aligned with what the law requires and that of the wider society and the 

environment at large. 
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The further investigation must aim at assessing the effectiveness of 

particular regulatory tools in leading to the quantifiable decrease in carbon 

emissions, energy usage, and electronic waste in the telecom industry. The 

evidence-based policy analysis would be essential and critical due to empirical 

studies that measure the relative effectiveness of statutory requirements, incentive 

systems, and voluntary codes in various jurisdictions. Additionally, the changing 

technological environment, such as the deployment of 5G networks, edge 

computing, and some data-intensive services, should be assessed in terms of 

environmental effects and competency of the regulations regularly. The 

interdisciplinary research with the legal, economic, technical, and environmental 

views will play an important role in coming up with well-rounded approaches to 

achieve a balance between innovation, sustainability, and fair access.   

 

REFERENCES 

 

Abdeljalil, A., Nabil, S., & Rachid, M. (2022). The environmental aspect & 

impacts for industrial sites: Methodological framework and evaluation. 

International Journal of Environmental Engineering and Education, 

4(1), 5–10. 

Abhyankar, N., Mohanty, P., Deorah, S., Karali, N., Paliwal, U., Kersey, J., & 

Phadke, A. (2023). India’s path towards energy independence and a 

clean future: Harnessing India’s renewable edge for cost-effective 

energy independence by 2047. The Electricity Journal, 36(5), 107273. 

https://doi.org/10.1016/j.tej.2023.107273 

Abid, N., Aftab, J., & Javed, A. (2025). The impact of green technological 

innovation and environmental policy on ecological sustainability: 

Evidence from leading economies. Letters in Spatial and Resource 

Sciences, 18, 14. https://doi.org/10.1007/s12076-025-00405-2 

Alsaleh, A. (2024). The impact of technological advancement on culture and 

society. Scientific Reports, 14, 32140. https://doi.org/10.1038/s41598-

024-83995-z 

Andriolli, N., Giorgetti, A., Castoldi, P., Cecchetti, G., Cerutti, I., Sambo, N., 

Sgambelluri, A., Valcarenghi, L., Cugini, F., Martini, B., & Paolucci, F. 

(2022). Optical networks management and control: A review and recent 

challenges. Optical Switching and Networking, 44, 100652. 

https://doi.org/10.1016/j.osn.2021.100652 

Anttiroiko, A. V. (2013). U-cities reshaping our future: Reflections on ubiquitous 

infrastructure as an enabler of smart urban development. AI & Society, 

28, 491–507. https://doi.org/10.1007/s00146-013-0443-5 

https://doi.org/10.1016/j.tej.2023.107273
https://doi.org/10.1007/s12076-025-00405-2
https://doi.org/10.1038/s41598-024-83995-z
https://doi.org/10.1038/s41598-024-83995-z
https://doi.org/10.1016/j.osn.2021.100652
https://doi.org/10.1007/s00146-013-0443-5


226 From Fiber to Sustainability: Legal and Regulatory Challenges in Green... (p. 206-237) 

 

MANSOOR, S. I. U. From Fiber to Sustainability: Legal and Regulatory Challenges in Green Telecom Deployment. 
The Law, State and Telecommunications Review, v. 18, no. 2, p. 206-237, May 2026. 

Baars, W., Prohaska-Marchried, M., & Bauer, A. (2025, July 24). Where is the 

Green Claims Directive heading now that the Empowering Consumers 

for the Green Transition Directive is just around the corner? 

Taylor Wessing. https://www.taylorwessing.com/en/insights-and-

events/insights/2025/07/green-claims-richtlinie 

Biswas, B., & Sharma, K. K. (2025). Development of infrastructure and its impact 

on sustainable livelihood resilience in the rural areas of the Rarh region 

in India. Asian Geographer, 42(2), 129–157. 

https://doi.org/10.1080/10225706.2025.2453141 

Chi, C. S. F., Ruuska, I., & Xu, J. (2015). Environmental impact assessment of 

infrastructure projects: A governance perspective. Journal of 

Environmental Planning and Management, 59(3), 393–413. 

https://doi.org/10.1080/09640568.2015.1013623 

Chung, J., Cusumano, M., Kim, D., & Park, A. (2025). Road to net zero: 

Greenness of Leadership in Energy and Environmental Design and 

California Green Building Standards Code in the multifamily sector. 

Real Estate Economics, 53, 164–203. https://doi.org/10.1111/1540-

6229.12515 

Collin, J., Pellikka, J., & Penttinen, J. T. J. (2024). Green digital transition. In 5G 

innovations for industry transformation: Data-driven use cases (pp. 19–

28). IEEE. https://doi.org/10.1002/9781394181513.ch2 

Costa Alves de Mattos, C., & Mueller, B. (2006). Regulando o reguladora: 

Proposta do governo e a ANATEL. R. Econ. Contemp., 10(3), 517–546. 

https://www.researchgate.net/publication/262618057_Regulating_the_r

egulator_the_government's_proposal_and_Anatel 

Cramer, B. W. (2008, February 1). Commun(icat)ing with nature: The FCC and 

federal environmental regulations. SSRN. 

https://doi.org/10.2139/ssrn.1691826 

Czyżewska-Misztal, D., Musiałkowska, I., & Walczak, K. (Eds.). (2025). Green 

and digital transition in the European Union: Report from the seminar 

under the project of Jean Monnet Center of Excellence "Resilient and 

transforming Europe" Transform EU. Publishing House of the Poznań 

University of Economics. https://doi.org/10.18559/978-83-8211-258-0 

David, O. O. (2019). Nexus between telecommunication infrastructures, 

economic growth and development in Africa: Panel vector 

autoregression (P-VAR) analysis. Telecommunications Policy, 43(8), 

101816. https://doi.org/10.1016/j.telpol.2019.03.005 

de Freitas, L., Torres, R. A. L., da Cunha, U. C., & Holanda, M. (2020). Use of 

Big Data at Anatel: A case study at National Telecommunications 

Agency. In 2020 15th Iberian Conference on Information Systems and 

https://www.taylorwessing.com/en/insights-and-events/insights/2025/07/green-claims-richtlinie?utm_source=chatgpt.com
https://www.taylorwessing.com/en/insights-and-events/insights/2025/07/green-claims-richtlinie?utm_source=chatgpt.com
https://doi.org/10.1080/10225706.2025.2453141
https://doi.org/10.1080/09640568.2015.1013623
https://doi.org/10.1111/1540-6229.12515
https://doi.org/10.1111/1540-6229.12515
https://doi.org/10.1002/9781394181513.ch2
https://www.researchgate.net/publication/262618057_Regulating_the_regulator_the_government's_proposal_and_Anatel
https://www.researchgate.net/publication/262618057_Regulating_the_regulator_the_government's_proposal_and_Anatel
https://doi.org/10.2139/ssrn.1691826
https://doi.org/10.18559/978-83-8211-258-0
https://doi.org/10.1016/j.telpol.2019.03.005


From Fiber to Sustainability: Legal and Regulatory Challenges in Green Telecom ... (p. 206-237) 227 

 

MANSOOR, S. I. U. From Fiber to Sustainability: Legal and Regulatory Challenges in Green Telecom Deployment. 
The Law, State and Telecommunications Review, v. 18, no. 2, p. 206-237, May 2026. 

Technologies (CISTI) (pp. 1–5). IEEE. 

https://doi.org/10.23919/CISTI49556.2020.9140921 

de Paula e Souza, F., & Baidya, T. K. N. (2016). Corporate governance at the 

National Telecommunications Agency (ANATEL) as a mechanism to 

improve the agency’s management. Revista Sociedade, Contabilidade e 

Gestão, 11(1), 66–83. 

https://doaj.org/article/24036cb168dc45aa9b1b83e88afb7eb2 

Dechezleprêtre, A., Nachtigall, D., & Venmans, F. (2023). The joint impact of the 

European Union emissions trading system on carbon emissions and 

economic performance. Journal of Environmental Economics and 

Management, 118, 102758. https://doi.org/10.1016/j.jeem.2022.102758 

Deepender, Shrivastava, M. U., & Verma, J. K. (2021). A study on 5G technology 

and its applications in telecommunications. In Proceedings of the 2021 

International Conference on Computational Performance Evaluation 

(ComPE) (pp. 365–371). IEEE. 

https://doi.org/10.1109/ComPE53109.2021.9752402 

Deevela, N. R., Singh, B., & Kandpal, T. C. (2024). Assessing the carbon footprint 

of telecommunication towers in India: Effect of 4G to 5G transition and 

solar photovoltaics based hybrid power systems. Journal of Cleaner 

Production, 440, 140693. https://doi.org/10.1016/j.jclepro.2024.140693 

Devarhubli, G., & Shrivastava, A. (2024). The advancement of environmental 

procedural rights in India: An analysis of issues, problems and prospects. 

Cogent Social Sciences, 10(1), 2312949. 

https://doi.org/10.1080/23311886.2024.2312949 

Dey, S., Sreenivasulu, A., Veerendra, G. T. N., Rao, K. V., & Anjaneya Babu, P. 

S. S. (2022). Renewable energy present status and future potentials in 

India: An overview. Innovation and Green Development, 1(1), 100006. 

https://doi.org/10.1016/j.igd.2022.100006 

Engelmann, C. (2025, March 14). The Digital Networks Act: A new era for EU 

telecoms regulation. DLA Piper. 

https://www.dlapiperoutsourcing.com/blog/tle/2025/the-digital-

networks-act-a-new-era-for-eu-telecoms-regulation.html dlapiperoutso 

Ezeigweneme, C. A., Umoh, A. A., Ilojianya, V. I., & Adegbite, A. O. (2024). 

Telecommunications energy efficiency: Optimizing network 

infrastructure for sustainability. Computer Science & IT Research 

Journal, 5(1), 26–40. https://doi.org/10.51594/csitrj.v5i1.700 

Fattouh, M. K., & Karaki, S. (2025). Network expansion planning with renewable 

resources and storage. In Proceedings of the 2025 7th International 

Conference on Renewable Energy for Developing Countries (REDEC) 

(pp. 1–6). IEEE. https://doi.org/10.1109/REDEC65313.2025.11190215 

https://doi.org/10.23919/CISTI49556.2020.9140921
https://doaj.org/article/24036cb168dc45aa9b1b83e88afb7eb2
https://doi.org/10.1016/j.jeem.2022.102758
https://doi.org/10.1109/ComPE53109.2021.9752402
https://doi.org/10.1016/j.jclepro.2024.140693
https://doi.org/10.1080/23311886.2024.2312949
https://doi.org/10.1016/j.igd.2022.100006
https://www.dlapiperoutsourcing.com/blog/tle/2025/the-digital-networks-act-a-new-era-for-eu-telecoms-regulation.html?utm_source=chatgpt.com
https://www.dlapiperoutsourcing.com/blog/tle/2025/the-digital-networks-act-a-new-era-for-eu-telecoms-regulation.html?utm_source=chatgpt.com
https://www.dlapiperoutsourcing.com/blog/tle/2025/the-digital-networks-act-a-new-era-for-eu-telecoms-regulation.html?utm_source=chatgpt.com
https://doi.org/10.51594/csitrj.v5i1.700
https://doi.org/10.1109/REDEC65313.2025.11190215


228 From Fiber to Sustainability: Legal and Regulatory Challenges in Green... (p. 206-237) 

 

MANSOOR, S. I. U. From Fiber to Sustainability: Legal and Regulatory Challenges in Green Telecom Deployment. 
The Law, State and Telecommunications Review, v. 18, no. 2, p. 206-237, May 2026. 

Gandhi, R., Hasti, C., & Sagar, M. (2024). A grounded exploration of regulatory 

dynamics and competitive forces in the Indian telecom network industry. 

Competition and Regulation in Network Industries, 25(2-3), 84–109. 

https://doi.org/10.1177/17835917241276006 

Gandotra, P., Jha, R. K., & Jain, S. (2017). Green communication in next 

generation cellular networks: A survey. IEEE Access, 5, 11727–11758. 

https://doi.org/10.1109/ACCESS.2017.2711784 

Gill, G. N., & Ramachandran, G. (2021). Sustainability transformations, 

environmental rule of law and the Indian judiciary: Connecting the dots 

through climate change litigation. Environmental Law Review, 23(3), 

228–247. https://doi.org/10.1177/14614529211031203 

Gisca, O., Matinmikko-Blue, M., Ahokangas, P., Yrjölä, S., & Gordon, J. (2023). 

Regulatory challenges and implications of the European electronic 

communications code (EECC) for local mobile communication network 

business. Telecommunications Policy, 47(10), 102651. 

https://doi.org/10.1016/j.telpol.2023.102651 

Gómez-Barroso, J. L., & Marbán-Flores, R. (2020). Telecommunications and 

economic development – The 21st century: Making the evidence 

stronger. Telecommunications Policy, 44(2), 101905. 

https://doi.org/10.1016/j.telpol.2019.101905 

Guandalini, I. (2022). Sustainability through digital transformation: A systematic 

literature review for research guidance. Journal of Business Research, 

148, 456–471. https://doi.org/10.1016/j.jbusres.2022.05.003 

Gudde, P., Oakes, J., Cochrane, P., Caldwell, N., & Bury, N. (2021). The role of 

UK local government in delivering on net zero carbon commitments: 

You've declared a climate emergency, so what's the plan? Energy Policy, 

154, 112245. https://doi.org/10.1016/j.enpol.2021.112245 

Gupta, S., Saksena, S., & Baris, O. F. (2019). Environmental enforcement and 

compliance in developing countries: Evidence from India. World 

Development, 117, 313–327. 

https://doi.org/10.1016/j.worlddev.2019.02.001 

Hales, R., Letcher, M., Smith, S., & Jones, E. (2012). A review of ‘Merton Rule’ 

policies in four local planning authorities in Cambridgeshire: Final 

report (Report No. 141-Merton Rule study). Climate Works Ltd & 

Impetus Consulting Ltd. South Cambridgeshire District Council. 

https://democracy.cambridge.gov.uk/documents/s13924/Appendix%20

A%20Merton%20Rule%20Study.pdf 

Hallur, G. G., & Sane, V. S. (2018). Indian telecom regulatory framework in 

comparison with five countries: Structure, role description and funding. 

https://doi.org/10.1177/17835917241276006
https://doi.org/10.1109/ACCESS.2017.2711784
https://doi.org/10.1177/14614529211031203
https://doi.org/10.1016/j.telpol.2023.102651
https://doi.org/10.1016/j.telpol.2019.101905
https://doi.org/10.1016/j.jbusres.2022.05.003
https://doi.org/10.1016/j.enpol.2021.112245
https://doi.org/10.1016/j.worlddev.2019.02.001
https://democracy.cambridge.gov.uk/documents/s13924/Appendix%20A%20Merton%20Rule%20Study.pdf
https://democracy.cambridge.gov.uk/documents/s13924/Appendix%20A%20Merton%20Rule%20Study.pdf


From Fiber to Sustainability: Legal and Regulatory Challenges in Green Telecom ... (p. 206-237) 229 

 

MANSOOR, S. I. U. From Fiber to Sustainability: Legal and Regulatory Challenges in Green Telecom Deployment. 
The Law, State and Telecommunications Review, v. 18, no. 2, p. 206-237, May 2026. 

Digital Policy, Regulation and Governance, 20(1), 62–77. 

https://doi.org/10.1108/DPRG-10-2017-0060 

Hassan, Q., Viktor, P., Al-Musawi, T. J., Ali, B. M., Algburi, S., Alzoubi, H. M., 

Al-Jiboory, A. K., Sameen, A. Z., Salman, H. M., & Jaszczur, M. (2024). 

The renewable energy role in the global energy transformations. 

Renewable Energy Focus, 48, 100545. 

https://doi.org/10.1016/j.ref.2024.100545 

Hegab, H., Shaban, I., Jamil, M., & Khanna, N. (2023). Toward sustainable 

future: Strategies, indicators, and challenges for implementing 

sustainable production systems. Sustainable Materials and 

Technologies, 36, e00617. https://doi.org/10.1016/j.susmat.2023.e00617 

Hinge, G., Surampalli, R. Y., & Goyal, M. K. (2020). Sustainable infrastructure. 

In R. Surampalli, T. Zhang, M. K. Goyal, S. Brar, & R. Tyagi (Eds.), 

Sustainability (Chapter 14). Wiley. 

https://doi.org/10.1002/9781119434016.ch14 

Huang, M., Fang, J., Han, S., Ip, E., Huang, Y., Wang, T., et al. (2022). Evolution 

of fiber infrastructure – From data transmission to network sensing. In 

Proceedings of the 2022 27th OptoElectronics and Communications 

Conference (OECC) and 2022 International Conference on Photonics in 

Switching and Computing (PSC) (pp. 1–3). IEEE. 

https://doi.org/10.23919/OECC/PSC53152.2022.9850035 

Israr, A., Yang, Q., Li, W., & Zomaya, A. Y. (2021). Renewable energy powered 

sustainable 5G network infrastructure: Opportunities, challenges and 

perspectives. Journal of Network and Computer Applications, 175, 

102910. https://doi.org/10.1016/j.jnca.2020.102910 

Jaffe, A. B., Newell, R. G., & Stavins, R. N. (2003). Technological change and 

the environment. In K.-G. Mäler & J. R. Vincent (Eds.), Handbook of 

Environmental Economics (Vol. 1, pp. 461–516). Elsevier. 

https://doi.org/10.1016/S1574-0099(03)01016-7 

Jain, M., Kumar, D., Chaudhary, J., Kumar, S., Sharma, S., & Verma, A. S. 

(2023). Review on E-waste management and its impact on the 

environment and society. Waste Management Bulletin, 1(3), 34–44. 

https://doi.org/10.1016/j.wmb.2023.06.004 

Jain, R., & Raghuram, G. (2010). Role of Universal Service Obligation Fund in 

rural telecom services: Lessons from the Indian experience. 

esocialsciences.com, Working Papers, 3. 

https://www.researchgate.net/publication/46476896_Role_of_Universal

_Service_Obligation_Fund_in_Rural_Telecom_Services_Lessons_fro

m_the_Indian_Experience 

https://doi.org/10.1108/DPRG-10-2017-0060
https://doi.org/10.1016/j.ref.2024.100545
https://doi.org/10.1016/j.susmat.2023.e00617
https://doi.org/10.1002/9781119434016.ch14
https://doi.org/10.23919/OECC/PSC53152.2022.9850035
https://doi.org/10.1016/j.jnca.2020.102910
https://doi.org/10.1016/S1574-0099(03)01016-7
https://doi.org/10.1016/j.wmb.2023.06.004
https://www.researchgate.net/publication/46476896_Role_of_Universal_Service_Obligation_Fund_in_Rural_Telecom_Services_Lessons_from_the_Indian_Experience
https://www.researchgate.net/publication/46476896_Role_of_Universal_Service_Obligation_Fund_in_Rural_Telecom_Services_Lessons_from_the_Indian_Experience
https://www.researchgate.net/publication/46476896_Role_of_Universal_Service_Obligation_Fund_in_Rural_Telecom_Services_Lessons_from_the_Indian_Experience


230 From Fiber to Sustainability: Legal and Regulatory Challenges in Green... (p. 206-237) 

 

MANSOOR, S. I. U. From Fiber to Sustainability: Legal and Regulatory Challenges in Green Telecom Deployment. 
The Law, State and Telecommunications Review, v. 18, no. 2, p. 206-237, May 2026. 

Judge, M. A., Khan, A., Manzoor, A., & Khattak, H. A. (2022). Overview of smart 

grid implementation: Frameworks, impact, performance and challenges. 

Journal of Energy Storage, 49, 104056. 

https://doi.org/10.1016/j.est.2022.104056 

Kaushik, P., Singh, D. P., & Rajpoot, S. (2020, April). Fibre optic communication 

in 21st century. In 2020 International Conference on Intelligent 

Engineering and Management (ICIEM) (pp. 125–129). IEEE. 

https://doi.org/10.1109/ICIEM48762.2020.9160141 

Kritika, & Sharma, A. (2025). Review of Indian studies on environmental impact 

assessment. Integrated Environmental Assessment and Management, 

21(1), 117–130. https://doi.org/10.1093/inteam/vjae004 

Kukreti, K., & Ganguly, K. K. (2024). Development of a composite index to 

measure environmental sustainability in the telecom sector: A 

comprehensive approach towards carbon emission reduction. IIMB 

Management Review, 36(3), 239–255. 

https://doi.org/10.1016/j.iimb.2024.04.004 

Kumar, A., Thakur, A. K., Gaurav, G. K., Klemeš, J. J., Sandhwar, V. K., Pant, 

K. K., Kumar, R., et al. (2023). A critical review on sustainable 

hazardous waste management strategies: A step towards a circular 

economy. Environmental Science and Pollution Research, 30(48), 

105030–105055. https://doi.org/10.1007/s11356-023-29511-8 

Kummer, K. (2000). International management of hazardous wastes: The Basel 

Convention and related legal rules. Oxford University Press. 

https://doi.org/10.1093/acprof:oso/9780198259947.001.0001 

Leong, W. Y., Leong, Y. Z., & Leong, W. S. (2024). Green communication 

systems: Towards sustainable networking. In 2024 5th International 

Conference on Information Science, Parallel and Distributed Systems 

(ISPDS) (pp. 559–564). IEEE. 

https://doi.org/10.1109/ISPDS62779.2024.10667574 

Lescrauwaet, L., Wagner, H., Yoon, C., Shukla, S., & Sovacool, B. (2022). 

Adaptive legal frameworks and economic dynamics in emerging 

technologies: Navigating the intersection for responsible innovation. 

Law and Economics, 16, 202–220. 

https://doi.org/10.35335/laweco.v16i3.61 

Liu, G., Cai, B., & Xie, W. (2021). Research on 5G wireless networks and 

evolution. In 2021 IEEE International Symposium on Broadband 

Multimedia Systems and Broadcasting (BMSB) (pp. 1–5). IEEE. 

https://doi.org/10.1109/BMSB53066.2021.9547155 

Lynn, T., Rosati, P., Conway, E., Curran, D., Fox, G., & O’Gorman, C. (2022). 

Infrastructure for digital connectivity. In Digital towns (pp. [page range 

https://doi.org/10.1016/j.est.2022.104056
https://doi.org/10.1093/inteam/vjae004
https://doi.org/10.1016/j.iimb.2024.04.004
https://doi.org/10.1007/s11356-023-29511-8
https://doi.org/10.1093/acprof:oso/9780198259947.001.0001
https://doi.org/10.1109/ISPDS62779.2024.10667574
https://doi.org/10.35335/laweco.v16i3.61
https://doi.org/10.1109/BMSB53066.2021.9547155


From Fiber to Sustainability: Legal and Regulatory Challenges in Green Telecom ... (p. 206-237) 231 

 

MANSOOR, S. I. U. From Fiber to Sustainability: Legal and Regulatory Challenges in Green Telecom Deployment. 
The Law, State and Telecommunications Review, v. 18, no. 2, p. 206-237, May 2026. 

if available]). Palgrave Macmillan. https://doi.org/10.1007/978-3-030-

91247-5_6 

MacGregor Pelikánová, R. (2025). The evolution of sustainability—From 

antiquity to the twentieth century. In Sustainability in Europe. Springer, 

Cham. https://doi.org/10.1007/978-3-031-74689-5_5 

Malaihollo, M. (2021). Due diligence in international environmental law and 

international human rights law: A comparative legal study of the 

nationally determined contributions under the Paris Agreement and 

positive obligations under the European Convention on Human Rights. 

Netherlands International Law Review, 68, 121–155. 

https://doi.org/10.1007/s40802-021-00188-5 

Maneejuk, P., & Yamaka, W. (2020). An analysis of the impacts of 

telecommunications technology and innovation on economic growth. 

Telecommunications Policy, 44(10), 102038. 

https://doi.org/10.1016/j.telpol.2020.102038 

Mansoor, S. I. U. (2025). AI and telecommunication privacy: Rethinking legal 

protections against algorithmic surveillance. Law, State and 

Telecommunications Review, 17(2), 86–107. 

https://doi.org/10.26512/lstr.v17i2.57121 

Martinčević, I., Primorac, D., & Dorić, B. (2025). Corporate Sustainability 

Reporting Directive (CSRD): Obligations, challenges and requirements 

for companies. ENTRENOVA – ENTerprise REsearch InNOVAtion 

Journal, 10(1), 317-327. https://doi.org/10.54820/entrenova-2024-0026 

Masood, G., & Alam, J. (2019). Sustainability challenges and innovation strategy 

in green telecom: A review of telecom infrastructure in India. 

International Journal of Social Science and Economic Research, 4(5), 

4037. 

https://www.researchgate.net/publication/352993771_Sustainability_C

hallenges_and_Innovation_Strategy_in_Green_Telecom-

A_Review_of_Telecom_Infrastructure_in_India 

Mattos, C., & Coutinho, P. (2005). The Brazilian model of telecommunications 

reform. Telecommunications Policy, 29(5–6), 449–466. 

https://doi.org/10.1016/j.telpol.2005.03.001 

Meena, M. E., & Geng, J. (2022). Dynamic competition in telecommunications: 

A systematic literature review. Sage Open, 12(2). 

https://doi.org/10.1177/21582440221094609 

Mehra, N. (2020). Study on environmental impact and regulatory aspects of 

sustainability of telecom industry. International Research Journal of 

Engineering and Technology (IRJET), 7(10), 1704. 

https://www.researchgate.net/publication/345258143_Study_on_Enviro

https://doi.org/10.1007/978-3-030-91247-5_6
https://doi.org/10.1007/978-3-030-91247-5_6
https://doi.org/10.1007/978-3-031-74689-5_5
https://doi.org/10.1007/s40802-021-00188-5
https://doi.org/10.1016/j.telpol.2020.102038
https://doi.org/10.26512/lstr.v17i2.57121
https://doi.org/10.54820/entrenova-2024-0026
https://www.researchgate.net/publication/352993771_Sustainability_Challenges_and_Innovation_Strategy_in_Green_Telecom-A_Review_of_Telecom_Infrastructure_in_India
https://www.researchgate.net/publication/352993771_Sustainability_Challenges_and_Innovation_Strategy_in_Green_Telecom-A_Review_of_Telecom_Infrastructure_in_India
https://www.researchgate.net/publication/352993771_Sustainability_Challenges_and_Innovation_Strategy_in_Green_Telecom-A_Review_of_Telecom_Infrastructure_in_India
https://doi.org/10.1016/j.telpol.2005.03.001
https://doi.org/10.1177/21582440221094609
https://www.researchgate.net/publication/345258143_Study_on_Environmental_Impact_and_Regulatory_Aspects_of_Sustainability_of_Telecom_Industry


232 From Fiber to Sustainability: Legal and Regulatory Challenges in Green... (p. 206-237) 

 

MANSOOR, S. I. U. From Fiber to Sustainability: Legal and Regulatory Challenges in Green Telecom Deployment. 
The Law, State and Telecommunications Review, v. 18, no. 2, p. 206-237, May 2026. 

nmental_Impact_and_Regulatory_Aspects_of_Sustainability_of_Telec

om_Industry 

Mendonça, S., Damásio, B., de Freitas, L. C., Oliveira, L., Cichy, M., & Nicita, 

A. (2022). The rise of 5G technologies and systems: A quantitative 

analysis of knowledge production. Telecommunications Policy, 46(4), 

102327. https://doi.org/10.1016/j.telpol.2022.102327 

Mishra, P., Singh, N. P., & Farooq, A. (2024). Regulatory disruptions in the 

Indian telecommunication industry. International Journal of Innovation 

and Technology Management, 21(8), 2430007. 

https://doi.org/10.1142/S0219877024300076 

Mitra, A., Sridhar, V., & Sarangi, G. K. (2024). Way leaves, rights of way and 

ducting policies for 5G mobile network deployment in India using 

international best practices. Digital Policy, Regulation and Governance, 

26(2), 153–168. https://doi.org/10.1108/DPRG-03-2023-0037 

Mollahasani, S., Eroğlu, A., Demirkol, I., & Onur, E. (2020). Density-aware 

mobile networks: Opportunities and challenges. Computer Networks, 

175, 107271. https://doi.org/10.1016/j.comnet.2020.107271 

Nithyanandam, C., Siva, K., Murugan, V. S., & Sriharrish, K. (2023). Green 

communications: A review of the current situation. In A. Khosla & M. 

Kolhe (Eds.), Renewable energy optimization, planning and control 

(Studies in Infrastructure and Control). Springer, Singapore. 

https://doi.org/10.1007/978-981-19-8963-6_5 

Ogwu, M. C., El Malahi, S., & Izah, S. C. (2025). Policy and regulatory 

frameworks for sustainable environmental practices. In M. C. Ogwu & 

S. C. Chibueze Izah (Eds.), Evaluating environmental processes and 

technologies (Environmental Science and Engineering). Springer. 

https://doi.org/10.1007/978-3-031-85327-2_16 

Operato, L., Gallo, A., Marino, E. A. E., & Mattioli, D. (2025). Navigating CSRD 

reporting: Turning compliance into sustainable development with 

science-based metrics. Environmental Development, 54, 101138. 

https://doi.org/10.1016/j.envdev.2025.101138 

Organisation for Economic Co-operation and Development (OECD). (2025). The 

environmental sustainability of communication networks (OECD Digital 

Economy Papers No. 372). OECD Publishing. 

https://doi.org/10.1787/d1cb2210-en 

Orji, U. J. (2018). International telecommunications law and policy. Cambridge 

Scholars Publishing. 

https://www.researchgate.net/publication/328006715_International_Tel

ecommunications_Law_and_Policy 

https://www.researchgate.net/publication/345258143_Study_on_Environmental_Impact_and_Regulatory_Aspects_of_Sustainability_of_Telecom_Industry
https://www.researchgate.net/publication/345258143_Study_on_Environmental_Impact_and_Regulatory_Aspects_of_Sustainability_of_Telecom_Industry
https://doi.org/10.1016/j.telpol.2022.102327
https://doi.org/10.1142/S0219877024300076
https://doi.org/10.1108/DPRG-03-2023-0037
https://doi.org/10.1016/j.comnet.2020.107271
https://doi.org/10.1007/978-981-19-8963-6_5
https://doi.org/10.1007/978-3-031-85327-2_16
https://doi.org/10.1016/j.envdev.2025.101138
https://doi.org/10.1787/d1cb2210-en
https://www.researchgate.net/publication/328006715_International_Telecommunications_Law_and_Policy
https://www.researchgate.net/publication/328006715_International_Telecommunications_Law_and_Policy


From Fiber to Sustainability: Legal and Regulatory Challenges in Green Telecom ... (p. 206-237) 233 

 

MANSOOR, S. I. U. From Fiber to Sustainability: Legal and Regulatory Challenges in Green Telecom Deployment. 
The Law, State and Telecommunications Review, v. 18, no. 2, p. 206-237, May 2026. 

Owen, A., & Barrett, J. (2020). Reducing inequality resulting from UK low-

carbon policy. Climate Policy, 20(10), 1193–1208. 

https://doi.org/10.1080/14693062.2020.1773754 

Palmer, S., Rowsell, J., & Schmidt, S. (2024). From broadband adoption to 

climate action: Key considerations in the development of climate policies 

across OECD countries. Telecommunications Policy, 48(8), 102821. 

https://doi.org/10.1016/j.telpol.2024.102821 

Perdana, A., & Chu, M. K. (2025). Environmental sustainability meets digital 

transformation: Dilemmas and new directions. Journal of Information 

Technology Teaching Cases, Advance online publication. 

https://doi.org/10.1177/20438869251383100 

Pintor, L., Atzori, L., & Iera, A. (2025). Sustainability in telecommunication 

networks and key value indicators: A survey. Computer Networks, 271, 

111466. https://doi.org/10.1016/j.comnet.2025.111466 

Pout, C., Stenlund, S., & Yuzbasioglu, G. (2009). The Merton Rule: A review of 

the practical, environmental and economic effects (Publication NF 11). 

NHBC Foundation. https://cis.ihs.com/CIS/document/288134 

Qadir, S. A., Al-Motairi, H., Tahir, F., & Al-Fagih, L. (2021). Incentives and 

strategies for financing the renewable energy transition: A review. 

Energy Reports, 7, 3590–3606. 

https://doi.org/10.1016/j.egyr.2021.06.041 

Rene, E. R., Sethurajan, M., Ponnusamy, V. K., Kumar, G., Dung, T. N. B., 

Brindhadevi, K., & Pugazhendhi, A. (2021). Electronic waste generation, 

recycling and resource recovery: Technological perspectives and trends. 

Journal of Hazardous Materials, 416, 125664. 

https://doi.org/10.1016/j.jhazmat.2021.125664 

Routray, S. K., & Mohanty, S. (2024). Information and communications 

technology for a sustainable world [Climate change]. IEEE Potentials, 

43(2), 6–12. https://doi.org/10.1109/MPOT.2024.3404114 

Safitra, M. F., Lubis, M., Lubis, A. R., & Alhari, M. I. (2024). The need for 

energy-efficient networks: A review of green communication systems 

and network architectures. In A. K. Nagar, D. S. Jat, D. Mishra, & A. 

Joshi (Eds.), Intelligent sustainable systems (WorldS4 2023, Lecture 

Notes in Networks and Systems, Vol. 803). Springer. 

https://doi.org/10.1007/978-981-99-7569-3_11 

Sahu, V., Sahu, N., & Sahu, R. (2024). Challenges and opportunities of 5G 

network: A review of research and development. American Journal of 

Electrical and Computer Engineering, 8(1), 11–20. 

https://doi.org/10.11648/j.ajece.20240801.12 

https://doi.org/10.1080/14693062.2020.1773754
https://doi.org/10.1016/j.telpol.2024.102821
https://doi.org/10.1177/20438869251383100
https://doi.org/10.1016/j.comnet.2025.111466
https://cis.ihs.com/CIS/document/288134
https://doi.org/10.1016/j.egyr.2021.06.041
https://doi.org/10.1016/j.jhazmat.2021.125664
https://doi.org/10.1109/MPOT.2024.3404114
https://doi.org/10.1007/978-981-99-7569-3_11
https://doi.org/10.11648/j.ajece.20240801.12


234 From Fiber to Sustainability: Legal and Regulatory Challenges in Green... (p. 206-237) 

 

MANSOOR, S. I. U. From Fiber to Sustainability: Legal and Regulatory Challenges in Green Telecom Deployment. 
The Law, State and Telecommunications Review, v. 18, no. 2, p. 206-237, May 2026. 

Sajjadian, S. M. (2023). A critique on the UK’s net zero strategy. Sustainable 

Energy Technologies and Assessments, 56, 103003. 

https://doi.org/10.1016/j.seta.2022.103003 

Sandwal, S. K., Jakhar, R., & Styszko, K. (2025). E-waste challenges in India: 

Environmental and human health impacts. Applied Sciences, 15(8), 

4350. https://doi.org/10.3390/app15084350 

Sarangi, A. K., & Pradhan, R. P. (2020). ICT infrastructure and economic growth: 

A critical assessment and some policy implications. Decision, 47(4), 

363–383. https://doi.org/10.1007/s40622-020-00263-5 

Sathye, S., & Sathye, M. (2021). Telecom reforms in India: An assessment of 

policy architecture, outcomes, and political underpinnings. Asian 

Politics and Policy, 13(4), 554–576. https://doi.org/10.1111/aspp.12603 

Schmidtchen, D., Helstroffer, J., & Koboldt, C. (2021). Regulatory failure and the 

polluter pays principle: Why regulatory impact assessment dominates the 

polluter pays principle. Environmental Economics and Policy Studies, 

23, 109–144. https://doi.org/10.1007/s10018-020-00285-4 

Shahbaz, M., Nasir, M. A., Hille, E., & Mahalik, M. K. (2020). UK’s net-zero 

carbon emissions target: Investigating the potential role of economic 

growth, financial development, and R&D expenditures based on 

historical data (1870–2017). Technological Forecasting and Social 

Change, 161, 120255. https://doi.org/10.1016/j.techfore.2020.120255 

Shihab, M. A., Aswad, S. A., Othman, R. N., & Ahmed, S. R. (2023). 

Advancements and challenges in networking technologies: A 

comprehensive survey. In 2023 7th International Symposium on 

Multidisciplinary Studies and Innovative Technologies (ISMSIT) (pp. 1–

5). IEEE. https://doi.org/10.1109/ISMSIT58785.2023.10304990 

Singh, A., Yadav, A., Le, T. T., et al. (2023). Recycling of electronic waste for 

circular economy goals: Systematic literature review. Journal of Global 

Business and Commerce, 18, 145–161. https://doi.org/10.1007/s42943-

023-00081-3 

Snigdhha, S., Patel, V., & Harish, V. S. K. V. (2023). A comprehensive study and 

assessment of electricity acts and power sector policies of India on 

social, technical, economic, and environmental fronts. Sustainable 

Energy Technologies and Assessments, 57, 103299. 

https://doi.org/10.1016/j.seta.2023.103299 

Sun, Z., Zhao, L., Mehrotra, A., Salam, M. A., & Yaqub, M. Z. (2025). 

Digital transformation and corporate green innovation: An 

affordance theory perspective. Business Strategy and the 

Environment, 34(1), 433–449. https://doi.org/10.1002/bse.3991 

https://doi.org/10.1016/j.seta.2022.103003
https://doi.org/10.3390/app15084350
https://doi.org/10.1007/s40622-020-00263-5
https://doi.org/10.1111/aspp.12603
https://doi.org/10.1007/s10018-020-00285-4
https://doi.org/10.1016/j.techfore.2020.120255
https://doi.org/10.1109/ISMSIT58785.2023.10304990
https://doi.org/10.1007/s42943-023-00081-3
https://doi.org/10.1007/s42943-023-00081-3
https://doi.org/10.1016/j.seta.2023.103299
https://doi.org/10.1002/bse.3991


From Fiber to Sustainability: Legal and Regulatory Challenges in Green Telecom ... (p. 206-237) 235 

 

MANSOOR, S. I. U. From Fiber to Sustainability: Legal and Regulatory Challenges in Green Telecom Deployment. 
The Law, State and Telecommunications Review, v. 18, no. 2, p. 206-237, May 2026. 

Taeihagh, A., Ramesh, M., & Howlett, M. (2021). Assessing the regulatory 

challenges of emerging disruptive technologies. Regulation & 

Governance, 15(4), 1009–1019. https://doi.org/10.1111/rego.12392 

Tan, C., Xu, B., Hong, G., & Wu, X. (2024). Integrating habitat risk and landscape 

resilience in forest protection and restoration planning for biodiversity 

conservation. Landscape and Urban Planning, 248, 105111. 

https://doi.org/10.1016/j.landurbplan.2024.105111 

Tang, C., Xu, Y., Hao, Y., Wu, H., & Xue, Y. (2021). What is the role of 

telecommunications infrastructure construction in green technology 

innovation? A firm-level analysis for China. Energy Economics, 103, 

105576. https://doi.org/10.1016/j.eneco.2021.105576 

Telecom Regulatory Authority of India. (2011). Consultation paper on green 

telecommunications (Consultation Paper No. 3/2011). 

https://trai.gov.in/sites/default/files/2024-09/4-main.pdf 

Telecom Regulatory Authority of India. (2025). Recommendations on 

telecommunication infrastructure sharing, spectrum sharing and 

spectrum leasing (Response to the back reference dated 13th February 

2025 received from DoT on the TRAI’s recommendations dated 24th 

April 2024). https://trai.gov.in/sites/default/files/2025-

03/Recommendation_25032025.pdf 

Thanassoulis, E., Blake, C., & Parthasarathy, S. (2022). Implicit and explicit 

incentives within economic regulation. Decision Analytics Journal, 4, 

100099. https://doi.org/10.1016/j.dajour.2022.100099 

The Joint Research Centre: EU Science Hub, European Commission. (2025). 

Sustainability indicators in telecom networks. Green and sustainable 

telecom networks. https://joint-research-centre.ec.europa.eu/projects-

and-activities/green-and-sustainable-telecom-networks/sustainability-

indicators-telecom-networks_en 

Thomé, A. M. T., Ceryno, P. S., Scavarda, A., & Remmen, A. (2016). Sustainable 

infrastructure: A review and a research agenda. Journal of 

Environmental Management, 184(Part 2), 143–156. 

https://doi.org/10.1016/j.jenvman.2016.09.080 

Turaga, R., & Sugathan, A. (2020, June 30). Environmental regulations in India. 

Oxford Research Encyclopedia of Environmental Science. Oxford 

University Press. Retrieved November 4, 2025, from 

https://oxfordre.com/environmentalscience/view/10.1093/acrefore/9780

199389414.001.0001/acrefore-9780199389414-e-417 

van Vliet, K., & Hammond, C. (2025). Green infrastructure implementation: 

Perspectives from English planners. Journal of Environmental Policy & 

https://doi.org/10.1111/rego.12392
https://doi.org/10.1016/j.landurbplan.2024.105111
https://doi.org/10.1016/j.eneco.2021.105576
https://trai.gov.in/sites/default/files/2024-09/4-main.pdf
https://trai.gov.in/sites/default/files/2025-03/Recommendation_25032025.pdf
https://trai.gov.in/sites/default/files/2025-03/Recommendation_25032025.pdf
https://doi.org/10.1016/j.dajour.2022.100099
https://joint-research-centre.ec.europa.eu/projects-and-activities/green-and-sustainable-telecom-networks/sustainability-indicators-telecom-networks_en
https://joint-research-centre.ec.europa.eu/projects-and-activities/green-and-sustainable-telecom-networks/sustainability-indicators-telecom-networks_en
https://joint-research-centre.ec.europa.eu/projects-and-activities/green-and-sustainable-telecom-networks/sustainability-indicators-telecom-networks_en
https://doi.org/10.1016/j.jenvman.2016.09.080
https://oxfordre.com/environmentalscience/view/10.1093/acrefore/9780199389414.001.0001/acrefore-9780199389414-e-417
https://oxfordre.com/environmentalscience/view/10.1093/acrefore/9780199389414.001.0001/acrefore-9780199389414-e-417


236 From Fiber to Sustainability: Legal and Regulatory Challenges in Green... (p. 206-237) 

 

MANSOOR, S. I. U. From Fiber to Sustainability: Legal and Regulatory Challenges in Green Telecom Deployment. 
The Law, State and Telecommunications Review, v. 18, no. 2, p. 206-237, May 2026. 

Planning, 27(4), 433–445. 

https://doi.org/10.1080/1523908X.2025.2466826 

Verdecchia, R., Lago, P., & de Vries, C. (2022). The future of sustainable digital 

infrastructures: A landscape of solutions, adoption factors, impediments, 

open problems, and scenarios. Sustainable Computing: Informatics and 

Systems, 35, 100767. https://doi.org/10.1016/j.suscom.2022.100767 

Vermeulen, B., & Pyka, A. (2024). The twin digital and green transition: 

Paradigm shift or tech fix? Journal of Innovation Economics & 

Management, 45(3), 1–29. https://shs.cairn.info/journal-of-innovation-

economics-2024-3-page-1?lang=en 

Vikingsson, K., Dalhammar, C., & Milios, L. (2025). European Union policy 

developments related to ecodesign, green claims, and eco-labeling: 

Implications for voluntary circular labeling initiatives. In S. Fukushige, 

T. Nonaka, H. Kobayashi, C. Tokoro, & E. Yamasue (Eds.), EcoDesign 

for circular value creation: Volume I. Springer, Singapore. 

https://doi.org/10.1007/978-981-97-9068-5_16 

Von Podcameni, M. G., Lustosa, M. C., & Queiroz, J. (2025). Sustainability as a 

development strategy for Brazil. In X. Zhao, A. Sokolov, & J. E. 

Cassiolato (Eds.), The innovation competitiveness of BRICS countries 

(Science, Technology and Innovation Studies). Springer. 

https://doi.org/10.1007/978-981-97-8001-3_7 

Wang, C., Abbasi, K. R., Irfan, M., Ben-Salha, O., & Bandyopadhyay, A. (2024). 

Navigating sustainability in the US: A comprehensive analysis of green 

energy, eco-innovation, and economic policy uncertainty on sectoral CO₂ 

emissions. Energy Reports, 11, 5286–5299. 

https://doi.org/10.1016/j.egyr.2024.05.014 

Wang, L., Xue, X., Zhao, Z., & Wang, Z. (2018). The impacts of transportation 

infrastructure on sustainable development: Emerging trends and 

challenges. International Journal of Environmental Research and Public 

Health, 15(6), 1172. https://doi.org/10.3390/ijerph15061172 

Werner, D., & Benites Lazaro, L. L. (2023). The policy dimension of energy 

transition: The Brazilian case in promoting renewable energies (2000–

2022). Energy Policy, 175, 113480. 

https://doi.org/10.1016/j.enpol.2023.113480 

Wiśniewska, P., Hejna, A., & Saeb, M. R. (2023). Recycling and processing of 

waste materials. Materials, 16(2), 508. 

https://doi.org/10.3390/ma16020508 

Wong, R. T. (2021). Telecommunications network design: Technology impacts 

and future directions. Networks, 77(2), 205–224. 

https://doi.org/10.1002/net.21997 

https://doi.org/10.1080/1523908X.2025.2466826
https://doi.org/10.1016/j.suscom.2022.100767
https://shs.cairn.info/journal-of-innovation-economics-2024-3-page-1?lang=en
https://shs.cairn.info/journal-of-innovation-economics-2024-3-page-1?lang=en
https://doi.org/10.1007/978-981-97-9068-5_16
https://doi.org/10.1007/978-981-97-8001-3_7
https://doi.org/10.1016/j.egyr.2024.05.014
https://doi.org/10.3390/ijerph15061172
https://doi.org/10.1016/j.enpol.2023.113480
https://doi.org/10.3390/ma16020508
https://doi.org/10.1002/net.21997


From Fiber to Sustainability: Legal and Regulatory Challenges in Green Telecom ... (p. 206-237) 237 

 

MANSOOR, S. I. U. From Fiber to Sustainability: Legal and Regulatory Challenges in Green Telecom Deployment. 
The Law, State and Telecommunications Review, v. 18, no. 2, p. 206-237, May 2026. 

Wu, D., Lee, J.-Y., & Wang, L. F. S. (2025). Positive network externalities and 

negative environmental externalities in a differentiated duopoly with 

entry fee-refund policy. American Journal of Economics and Sociology. 

https://doi.org/10.1111/ajes.12631 

Wu, L. (2016). Paris Agreement: A roadmap to tackle climate and environment 

challenges. National Science Review, 3(2), 153. 

https://doi.org/10.1093/nsr/nww030 

Wu, Y., & Tham, J. (2023). The impact of environmental regulation, environment, 

social and government performance, and technological innovation on 

enterprise resilience under a green recovery. Heliyon, 9(10), e20278. 

https://doi.org/10.1016/j.heliyon.2023.e20278 

Yunxia, X., & Yuqing, N. (2025). The technological advancement, environmental 

regulations, and their impact on energy efficiency and CO₂ emissions. 

Scientific Reports, 15, 2781. https://doi.org/10.1038/s41598-025-86581-

z 

Zopounidis, C., & Lemonakis, C. (2024). The company of the future: Integrating 

sustainability, growth, and profitability in contemporary business 

models. Development and Sustainability in Economics and Finance, 1, 

100003. https://doi.org/10.1016/j.dsef.2024.100003 

 

 

 

 
The Law, State and Telecommunications Review / Revista de Direito, Estado e 

Telecomunicações 

 

Contact: 

Universidade de Brasília - Faculdade de Direito - Núcleo de Direito Setorial e Regulatório 

Campus Universitário de Brasília 

Brasília, DF, CEP 70919-970 

Caixa Postal 04413 

 

Phone: +55(61)3107-2683/2688 

 

E-mail: getel@unb.br 

 

Submissions are welcome at: https://periodicos.unb.br/index.php/RDET 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1111/ajes.12631
https://doi.org/10.1093/nsr/nww030
https://doi.org/10.1016/j.heliyon.2023.e20278
https://doi.org/10.1038/s41598-025-86581-z
https://doi.org/10.1038/s41598-025-86581-z
https://doi.org/10.1016/j.dsef.2024.100003
mailto:getel@unb.br
https://periodicos.unb.br/index.php/RDET

