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Executive Summary 

This deliverable presents the intermediate results of the 6G-MUSICAL project, examining the business 
models and sustainability impact within the context of future 6G business, including Integrated 
Sensing and Communication (ISAC). The deliverable introduces the foundations of sustainability in 6G, 
outlines sustainability-related EU regulations and identifies key sustainability challenges in 6G, with 
ISAC. By situating sustainability as a guiding pillar for 6G development, the deliverable presents how 
6G development can align with the environmental, social, and economic sustainability pillars, ensuring 
the success of 6G business. 

The deliverable further addresses sustainability in 6G, focusing on existing approaches and their 
relevance for 6G. It highlights different types of sustainability assessment frameworks and emphasizes 
lifecycle assessment as a critical tool for evaluating impacts across the entire lifespan of 6G, from 
design and deployment to use and end-of-life. The deliverable presents the state of the art business 
model approach that outlines the key concepts underpinning business models and presents the 5G/6G 
business models. It highlights how sustainability considerations are increasingly embedded into value 
creation, delivery, and capture mechanisms, ensuring that technological innovation aligns with the 
environmental, social, and economic sustainability pillars. The deliverable also presents a preliminary 
market analysis on 6G, identifying opportunities for ISAC. 

The deliverable presents 6G-MUSICAL project’s approach to business models and sustainability impact 
in 6G with ISAC. New preliminary business models for 6G considering ISAC have been developed by 
developing and adopting a novel framework that integrates business model innovation with 
sustainability approach in 6G. This approach emphasizes that business models in 6G must go beyond 
traditional value creation and capture mechanisms, embedding environmental, social, and economic 
sustainability considerations into their design. The proposed approach positions 6G not only as a 
technological enabler but also as a driver of sustainable transformation.  

The deliverable introduces a new sustainability assessment approach for 6G that builds on existing 
methodologies by proposing a more refined and integrated framework. Moving beyond fragmented 
evaluations, it incorporates environmental, social, and economic pillars into a coherent structure for 
assessing the impacts of 6G business, with ISAC. The approach emphasizes the identification of 
sustainability roles and their interdependencies, while also considering complementary assessment 
methods to ensure that sustainability is embedded throughout the entire lifecycle of 6G systems. In 
addition, it underscores the importance of aligning technological innovation with regulatory 
requirements and stakeholder expectations, thereby positioning sustainability not as an optional add-
on but as a central pillar of 6G development. The framework integrates a business model perspective, 
linking sustainability aspects with the next stage, which refers to strategic management actions to 
provide actionable guidance at the conclusion of the assessment process. 

Finally, the deliverable provides preliminary sustainability guidelines for 6G business, with ISAC, 
addressing environmental, social, and economic sustainability pillars.  
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promotes equal access to opportunities and resources.  

Economic Sustainability Develop economies that are resilient, adaptable, and inclusive, 
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the expense of the environment or social equity. 

6G for Sustainability A perspective that highlights the indirect impact of 6G on the 
use of 6G. 

Sustainable 6G A perspective that emphasizes the direct sustainability impact 
of 6G itself.  

Challenges Barriers related to energy demand, GHG emissions, resource 
consumption, e-waste, digital inequality, security risks, high 
costs, and unsustainable business models  

Sustainability guidelines Recommended actions related to the three sustainability 
pillars  

Sustainability Assessment  A process that aims to direct decision-making towards 
sustainability 

Business model  A structure that links products, services, and information, 
showing the main business participants, their roles, benefits, 
and revenue sources. 
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capturing value with ecosystem stakeholders. 

Value Something that has become actualized and has material 
outcomes. 

Advantage Unique outcomes that enable leveraging long-term value 
capture. 

Market analysis Process of examining a market within a specific industry to 
understand its dynamics, trends, and potential opportunities.  
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1 Introduction 

 Purpose and Scope of the Deliverable 

The 6G-MUSICAL project researches and develops future 6G systems and ISAC technologies. 
Recognizing the strategic importance of these developments, the International Telecommunication 
Union Radiocommunication sector (ITU-R) has formally included ISAC in its 6G vision framework (ITU 
Recommendation ITU-R M.2160). ISAC is one of the six usage scenarios for IMT-2030 or 6G, intended 
to support a broad range of applications with high-performance, high-accuracy sensing capabilities. 
6G-MUSICAL has as its core objective to equip the edge infrastructure nodes of 6G with an integrated 
radar-based radio sensing component that works in tandem with the communication component. The 
ISAC component will facilitate the detection, localization, and tracking of objects with high precision 
and enable the reconstruction of 3D objects with high resolution, thereby improving capabilities (6G-
MUSICAL, 2023). 

This deliverable addresses the multifaceted topics of business models and sustainability in the context 
of 6G with ISAC technologies. This involves considering environmental, social, and economic 
sustainability pillars associated with the development and use of 6G, with ISAC. Central to this is 
understanding the foundations of both sustainability and business models in the context of 6G with 
ISAC, particularly for mitigating sustainability-related challenges.  

The deliverable first examines the foundations of sustainability in 6G, including the environmental, 
social, and economic sustainability pillars, the role of sustainability in 6G, relevant EU regulations, and 
existing sustainability challenges for ICT and 6G. It then introduces sustainability assessment 
methodologies, including LCA. 

The deliverable further explores the business model approach as presented in the literature, 
highlighting key concepts, the evolution of business models in 5G/6G, and their integration with 
sustainability considerations. Building on this foundation, it presents data from a preliminary market 
analysis of ISAC in 6G. 

Subsequently, the document proposes new high-level framework for business models and 
sustainability for 6G, with ISAC. The deliverable presents new preliminary business models for ISAC in 
6G. Finally, it elaborates preliminary sustainability guidelines for 6G, providing practical 
recommendations to ensure that sustainability remains embedded in the design, deployment, and 
governance of future 6G. 

 Structure of the Document 

This document is structured to provide a comprehensive approach to business models and 
sustainability impacts in 6G with ISAC. 

Section 2 establishes the conceptual basis by introducing sustainability as a guiding principle in 6G 
development. It discusses the three pillars of sustainability, environmental, social, and economic, and 
examines their relevance to 6G. The section highlights sustainable 6G and 6G for sustainability and 
reviews EU regulations, sustainability challenges, and preliminary guidelines. 

In Section 3, the focus shifts to sustainability assessment methodologies for 6G. The section outlines 
tools and frameworks for evaluating environmental impacts, social impacts, and economic impacts. 

Section 4, explores the role of business models in 6G. It defines the key concept of business models, 
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discusses their evolution in 5G/6G, and examines how sustainability considerations can be integrated 
into the business model approach. 

Section 5, presents an initial market analysis of 6G and ISAC. It explores potential applications, market 
drivers, and challenges, highlighting opportunities for ISAC.  

Section 6, proposes the sustainability approach and the preliminary business models tailored to 6G 
with ISAC. It integrates environmental, social, and economic sustainability pillars into a coherent 
framework for considering sustainability in 6G with ISAC. 

Section 7proposes a new framework that integrates a business model perspective, and links 
sustainability aspects. 

Section 8 formulates preliminary guidelines for embedding sustainability into 6G development. 
Tailored to the three sustainability pillars, economic, social, and environmental, the guidelines provide 
actionable recommendations for stakeholders for future standardization efforts and policy 
frameworks. 

Section 9synthesizes the key insights from the document and concludes the deliverable. It also outlines 
future research directions to advance sustainability-driven innovation in 6G. 

This structured approach ensures a thorough examination of business models and the sustainability 
impact of 6G with ISAC, from fundamental sustainability elements to business approach, providing a 
starting point for further interdisciplinary research and development in 6G. 
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2 Sustainability Foundations in 6G 

Sustainability represents a foundational design principle for the transition to sixth-generation (6G) 
mobile communication networks, marking a turning point in the evolution of information and 
communication technologies (ICTs) (6G Flagship white paper, 2019). The definition of sustainability 
used by the United Nations (United Nations, 2015) and the European Union (Eur-Lex, 2022) defines 
sustainable development as the development that “meets the needs of the present without 
compromising the ability of future generations to meet their own needs”. This definition is broader 
than environmental footprint alone. Rather than being treated as a secondary objective, sustainability 
must be embedded at the core of technological development to ensure future systems respond 
effectively to intensifying climate-related challenges, escalating energy demands, persistent digital 
inequalities, and declining societal trust in technological systems, among others (Matinmikko-Blue 
et.al., 2024).  

Sustainability has been positioned as a foundational driver of 6G research and development since 2019 
(6G Flagship white paper, 2019). It has been formally embedded within the global IMT-2030 vision 
articulated by the International Telecommunication Union Radiocommunication Sector (ITU-R) 
[M.2160]. Recent developments on 6G and sustainability have covered three sustainability pillars of 
environmental, social, and economic sustainability (Hexa-X-II, 2023). However, despite its strategic 
prominence, there remains no consensus on how sustainability should be operationalized within the 
6G ecosystem. Also, sustainability considerations have yet to be systematically integrated across all 
dimensions of 6G development. As an example, the grand challenge of sustainability has entered the 
business model discussion, also in the context of value-driven ICT development [Wikström et al., 
2024). 

An additional valuable lens for examining and advancing sustainability in the context of 6G 
development is offered through the interconnected dimensions of business, regulation, and 
technology (Matinmikko-Blue et al., 2023). These dimensions collectively discuss how technological 
progress is shaped by business imperatives and strategic choices, while its diffusion and adoption are 
conditioned by both existing and emerging regulatory frameworks. In the pursuit of sustainability, 
organizations rely on technology as an enabling force, whereas regulation provides the boundaries 
and direction for such actions (Matinmikko-Blue et al., 2023). 

Within the 6G-MUSICAL project, sustainability is understood through environmental, social, and 
economic sustainability pillars, which also reflect the broader sustainability principles of the Smart 
Networks and Services Joint Undertaking (SNS JU). The project particularly seeks to develop 
environmentally, socially and economically sustainable solutions for 6G with ISAC, designed to address 
sustainability challenges (6G-MUSICAL, D 7.1).  

 Sustainability pillars 

Sustainability discussions in the 6G context today consider three key sustainability pillars, the 
environmental, social, and economic sustainability (Hexa-X-II, 2023, 2025; Matinmikko-Blue et al., 
2024). Figure 1 presents the sustainability pillars and their descriptions based on (Hexa-X-II, D.1.4, 
2025).  
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Figure 1: Sustainability pillars and the existing agreed notions 

The pillars are discussed in more detail in the following sub-sections. 

2.1.1 Environmental Sustainability Pillar 

Environmental sustainability has emerged as a leading global policy priority, with climate change 
widely recognized as a profound and existential challenge. The concept of aligning the shift toward a 
greener economy with digital transformation, often described as the “twin transitions”, has also 
become central to international agendas. At the core of this dual transformation lies connectivity, 
serving as a fundamental enabler of digital progress and a key driver of sustainable development 
(OECD, 2025).  

Environmental sustainability focuses on the responsible and efficient use of natural resources and the 
protection of ecosystems and biodiversity, to maintain their health and productivity over time. It aims 
to preserve natural resources and ecosystems, as well as curbing climate change (Hexa-X-II, 2023, 
2025). Environmental sustainability also seeks to create a healthy and safe environment for people to 
live in, by minimizing the negative impact of human activities on air, water, and soil quality. Achieving 
environmental sustainability requires a shift in the use of energy sources, the use of eco-friendly 
products and practices, such as the circular economy, among others. It also requires support from 
policies and regulations that promote sustainable development. 

Energy efficiency and reduced energy consumption are significant environmental sustainability 
priorities in the development and use of ICT solutions, including future 6G, aiming at reducing energy 
consumption and GHG emissions (6G-IA, 2023; Ericsson, 2023). Environmental sustainability includes 
topics such as sustainable buildings, sustainable ICT, sustainable products and services, end-of-life 
management for ICT equipment, among others (Fraunhofer IIS, 2023). Additional considerations such 
as material consumption, product recyclability, durability, opportunities for second-life applications, 
software upgradeability, and the ability to decompose products into reusable base materials are also 
relevant (Fraunhofer IIS, 2023). Current supply chain disruptions further intensify these concerns. 
Addressing them requires targeted investments, including: the adoption of renewable materials in 
electronics, semiconductors/ICs, and batteries; broader use of recycled materials across production 
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processes; comprehensive decarbonization initiatives; the development of innovative business 
models that account for the CO₂e footprint of services and equipment (Fraunhofer IIS, 2023; 6G-IA, 
2023).  

Environmental sustainability can be addressed through business, regulation, and technology by 
creating new ICT solutions and using them. These solutions aim to increase the positive impact of ICTs 
on the environment (the handprint) and reduce their negative impact (the footprint) in different 
sectors (Green ICT, 2024). Looking at future mobile communications, sustainability connects with 
business, regulation, and technology perspectives. From a business point of view, tackling 
environmental challenges can help existing companies grow and open new opportunities. Socially, 
new businesses may include social enterprises and low-cost community innovations, which can bring 
wider benefits and positive social outcomes (Digital Regulation Platform, 2025). Economically, 
sustainability means ensuring that operations remain financially viable and can continue in the long 
term (Matinmikko-Blue et al, 2024). 

2.1.2 Social Sustainability Pillar 

Future mobile connectivity should be designed with people at the centre, while also meeting the 
growing demand for machine connections. ICTs are vital for supporting inclusive and fair socio-
economic growth, though countries differ in skills and infrastructure. To achieve social sustainability, 
everyone must be included. Just giving households access to a Gigabit network (European 
Commission, 2021, p. 118) does not close the digital divide, because one measure cannot reflect the 
real user experience or the costs involved. This highlights the link to economic sustainability, where 
affordability and accessibility are just as important as speed (Matinmikko-Blue et al, 2024). 

Social sustainability involves ensuring that social structures and institutions are inclusive, non-
discriminatory, and promote equal access to opportunities and resources. It aims at the well-being of 
all individuals and communities, with inclusion and trustworthiness being two key values (Hexa-X-II, 
2021,2023, April 2025). The trajectory of mobile communications has led to heightened expectations 
for 6G to contribute meaningfully, both directly and indirectly, to the achievement of selected United 
Nations (UN) Sustainable Development Goals (SDGs), by enabling ubiquitous, resilient, and socially 
beneficial technological infrastructures. Inclusion and accessibility are central to this perspective (6G 
White Paper, 2019).  

6G networks need to be designed to bridge digital divides, extending connectivity to marginalized 
communities, rural regions, and individuals with disabilities. Affordability, accessibility, and equitable 
participation are treated as guiding principles, ensuring that the benefits of advanced communication 
systems are distributed fairly across society. Trust and Security constitute another foundational 
component. Key values have become an important component in 6G development (Wikström et al.). 
Consequently, trust has been identified as a key value indicator (KVI) for 6G, underscoring the 
importance of secure architectures, privacy-preserving mechanisms, and transparent governance. 
Trustworthiness is also important in social sustainability: insecure or opaque systems undermine 
societal resilience and legitimacy. The need for accountability, fairness in AI-driven decision-making, 
and transparency in data use are key social sustainability considerations (Hexa X-II, D.1.4, April 2025). 

Active public participation and inclusive decision-making are indispensable for fostering the trust and 
social legitimacy required for the effective deployment of 6G. Achieving this entails listening to diverse 
perspectives, addressing local concerns, and ensuring that the benefits of 6G are distributed equitably, 
particularly among marginalized and vulnerable communities. By integrating sustainability principles 
and societal values into the very foundation of 6G design, future networks can be developed to be not 
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only technologically sophisticated but also ethically responsible, transparent, and accountable 
(6G4Society White Paper, October 2024). 

2.1.3 Economic Sustainability Pillar 

Economic sustainability involves practices that support long-term economic growth without 
negatively impacting social, environmental, and cultural aspects of the community. It requires a 
supportive context where businesses operate sustainably and encourage others to do the same. The 
concept can be applied at both the organizational and national level, essentially meaning the ability 
to remain viable over time by keeping income higher than expenses (Hexa-X-II, D.1.1, 2023).  

Economic sustainability can be understood at three levels: organizational, where firms balance profit 
with social and environmental responsibility; ecosystem, where all stakeholders must benefit and 
adapt through new business models; and societal, where growth must move beyond fossil fuels and 
harmful practices to ensure long-term prosperity (Hexa-X-II D.1.1, 2023). 

From EU regulatory perspective, Corporate Social Responsibility (CSR) which is the commitment of 
businesses to manage their societal and environmental impacts responsibly, and The Corporate 
Sustainability Due Diligence Directive (CSDDD, Directive (EU) 2024/1760), obliges companies to 
identify, prevent, and mitigate adverse human rights and environmental impacts across their 
operations and global supply chains, thereby embedding social responsibility into corporate 
governance (European Parliament & Council, 2024).  

In economic sustainability, key terms are considered, including business models that refer to how an 
organization creates, delivers, and captures value Osterwalder, A., & Pigneur, Y. 2010, Ahokangas et 
al., 2024). Business ecosystems refer to dynamic networks of companies and stakeholders that co-
evolve their capabilities around innovations (J. Moore,1993). Circular economy  a systemic approach 
to economic activity that serves as an alternative to the traditional linear economy. Its central aim is 
achieved through two interconnected cycles: the technical cycle, where products and materials are 
maintained in use through processes such as reuse, repair, remanufacture, and recycling; and the 
biological cycle, where materials biodegrade and return nutrients to regenerate nature (GSMA, 2022). 

Economic growth shows how much a country’s GDP changes over time. Productivity shows how 
efficiently resources are used to make goods and services. Higher productivity means producing more 
with the same resources or the same output with fewer resources. Stakeholders refer to groups or 
individuals who influence or are influenced by an organization’s objectives. In business, this includes 
companies, organizations, members, or systems connected to corporate actions. Recently, the 
concept has expanded to recognize the environment, viewing the planet itself as a key stakeholder 
(Freeman and al., 2021). Sustainable business model innovation involves rethinking core business 
models by integrating environmental, social, and financial pillars, with the potential to reshape 
boundaries of competition (Hexa -X-II, D. 1.1, 2023). 

Cost efficiency has emerged as a top priority, with most respondents emphasizing the need for 
affordable and high-value mobile network services. Value creation and innovation potential represent 
another critical subdomain. Ecosystem viability and stakeholder alignment are equally central (Hexa-
X-II, April 2025). Research initiatives have focused on enhancing affordability for stakeholders while 
creating new market opportunities. However, relatively few projects have examined the interlinkages 
between economic sustainability and its environmental and social dimensions—for example, how 
cost-efficient technologies might contribute to reducing ecological impacts, or how economic gains 
could be distributed more equitably across diverse social groups. (SNS JU White paper, June 2025). 

 The role of Sustainability in 6G  
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Principally, 6G and sustainability can be connected in two different ways: the sustainability of 6G itself 
(i.e., “Sustainable 6G”) or sustainability by using 6G (i.e., “6G for Sustainability”). Next, both of these 
dimensions are discussed. 

2.2.1 Sustainable 6G 

Literature often distinguishes between two complementary perspectives when analyzing the 
sustainability implications of 6G. The first perspective, commonly referred to as “Sustainable 6G” 
emphasizes the direct sustainability impact of 6G itself. This approach focuses on e.g., the resource 
footprint of 6G infrastructures, devices, and operations, examining material use, energy consumption, 
emissions, and waste. The central aim is to make 6G systems more efficient and less environmentally 
harmful. For instance, research in this area often explores ways to reduce the energy consumption 
and greenhouse gas emissions and to improve circularity practices for ICTs, reducing materials and 
resource consumption (Hexa-X-II, Deliverable D1.2, 2023).  

6G networks must be designed to minimize adverse effects on sustainability. Particular attention 
should be given to resource consumption, including energy and materials, and emissions, including 
green house gas (GHG) emissions, as well as the broader consequences of production processes and 
system usage (Fraunhofer IIS, 2023). One central aim of developing sustainable 6G is to reduce energy 
consumption, enhance energy efficiency and consider moving to renewable energy sources (Ericsson, 
2023; MediaTek, 2024). Achieving the transition to sustainable 6G necessitates careful attention to 
both design and operational factors in order to lower the overall carbon footprint (Nokia, 2025). 
Advancing 6G technologies, therefore, requires strategies such as improving energy performance, 
accommodating diverse network environments and architectures, and embedding carbon-conscious 
practices throughout system development and deployment (Hexa-X-II Project, D. 1.4, 2025). 

2.2.2  6G for Sustainability 

The second perspective highlighted in literature, known as “6G for Sustainability” or the “enabling 
effect”, highlights the indirect impact of 6G by considering how the use of digital technologies can 
transform different sectors and foster more sustainable practices (Hexa-X-II Project, 2025; Nokia, 
2025). Here, 6G is understood not merely in terms of its own footprint but as a catalyst for systemic 
change across society(Fraunhofer IIS, 2023). This view acknowledges both positive outcomes—such 
as smart grids that reduce energy waste or teleworking that lowers transport emissions—and 
potential adverse effects, including rebound effects from increased digital consumption (Ericsson, 
2023; MediaTek, 2024). 6G networks should contribute to an overall sustainable development in 
society by enabling the transformation of sectors other than just the ICT sector. To achieve this, 6G 
must be designed to support both established and emerging activities in ways that generate positive 
sustainability outcomes, with benefits that can be amplified when deployed at scale(Nokia, 2025; 
Fraunhofer IIS, 2023). Equally critical is the need to prevent applications that could result in adverse 
effects. In certain cases, this may even require discontinuing or refraining from specific use cases if 
they are determined to have a detrimental impact on society (Ericsson, 2023; MediaTek, 2024). 

Connectivity underpins many of the devices and software applications that are increasingly being used 
in the digital transformation of businesses (Nokia, 2025). This can include applications such as the 
usage of sensors in farming to gather real-time data on soil and crop conditions to allow more targeted 
interventions and improve yields. Using 6G in such a way has the potential to make a positive 
contribution to environmental sustainability via reduced water usage on farms for example.  
Innovations in 6G, with ISAC aiming to maximise improvements in economic, societal or environmental 
sustainability caused by the usage of 6G services(Hexa-X-II Project, 2025). 
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 Sustainability related EU Regulations  

Regulations play a key role in technology development and its use by defining the rules and conditions. 
The European Union has established a comprehensive regulatory framework that impacts the 
sustainability of 6G networks. At the strategic level, the European Green Deal (2019) sets the 
overarching objective of achieving climate neutrality by 2050, positioning 6G as enablers of emission 
reductions and green transformation across multiple sectors (European Commission, 2019). 
Complementing this, the EU Circular Economy Action Plan (2020) emphasizes sustainable product 
design, repairability, and recycling, requiring ICT devices and network equipment to comply with eco-
design principles to minimize material waste (European Commission, 2020). 

From a lifecycle perspective, the Waste Electrical and Electronic Equipment (WEEE) Directive 
(2012/19/EU) establishes binding rules for the collection, recycling, and recovery of ICT hardware, 
thereby obliging infrastructure to integrate recyclability and safe disposal into its design and operation 
(European Parliament & Council, 2012). The Ecodesign for Sustainable Products Regulation (ESPR) 
(Regulation (EU) 2024/1781, July 2024) represents a cornerstone of the European Union’s 
environmental sustainability agenda. Its overarching aim is to make sustainable products the standard 
across the EU market, thereby embedding circular economy principles into the design and lifecycle of 
goods. Unlike earlier eco-design legislation that primarily focused on energy efficiency, ESPR 
significantly broadens the scope of requirements. Products must now demonstrate durability, 
repairability, recyclability, and transparency regarding their carbon footprint. This holistic approach 
ensures that sustainability is addressed not only during the use phase but across the entire lifecycle—
from production and distribution to end-of-life management. 

Sustainability is further reinforced by the Energy Efficiency Directive (2012/27/EU, revised 2023), 
which sets binding measures to reduce energy consumption across sectors. ICT and data centre 
operators in the EU are indeed required to optimize energy use and report transparently on efficiency 
gains under the Energy Efficiency Directive (EED) and its delegated regulations. Specifically, large data 
centre operators must submit annual reports on energy performance and sustainability indicators to 
the European Commission’s database (European Commission, 2023). Finally, the European Climate 
Law (2021) legally commits the EU to reducing greenhouse gas emissions by at least 55% by 2030 
(European Parliament & Council, 2021). 

The Corporate Sustainability Reporting Directive (CSRD) was originally adopted in 2022 as part of the 
European Union’s broader sustainability framework, aiming to enhance transparency and 
accountability in corporate environmental, social, and governance (ESG) practices. The directive 
significantly expanded the scope of sustainability reporting obligations compared to its predecessor, 
the Non-Financial Reporting Directive (NFRD), by requiring more detailed disclosures on climate, 
environmental, and social impacts. In November 2025, the CSRD was revised to streamline obligations 
and reduce administrative burdens, particularly for small and medium-sized enterprises. The reforms 
introduced higher thresholds for company size, thereby narrowing the scope of firms subject to 
mandatory reporting. They also simplified due diligence requirements and introduced digital 
compliance tools to facilitate reporting processes. Importantly, the reforms postponed the reporting 
deadlines for large undertakings to January 2027, providing additional time for companies to adapt to 
the new framework and easing the transition for smaller firms. The Corporate Sustainability Due 
Diligence Directive (CSDDD), Directive (EU) 2024/1760), which entered into force in July 2024, obliges 
companies to identify, prevent, and mitigate adverse human rights and environmental impacts across 
their operations and global supply chains, thereby embedding social responsibility into corporate 
governance (European Parliament & Council, 2024). The European Pillar of Social Rights (2017), though 
not a directive, provides a binding policy framework that underpins EU legislation. It guarantees fair 
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working conditions, equal opportunities, and access to social protection, ensuring that sustainability 
policies are people-centered (European Commission, 2017). Financial and market regulations also 
integrate social sustainability. The Sustainable Finance Disclosure Regulation (SFDR), Regulation (EU) 
2019/2088) requires financial institutions to disclose how they incorporate social risks, such as human 
rights violations or poor labor standards, into investment decisions (European Parliament & Council, 
2019). Similarly, the EU Taxonomy Regulation (EU) 2020/852) establishes criteria for sustainable 
economic activities, including mandatory social safeguards aligned with OECD Guidelines and UN 
Guiding Principles on Business and Human Rights (European Parliament & Council, 2020). 

Furthermore, sustainability is supported by financial and investment legal frameworks such as the EU 
Taxonomy Regulation (Regulation (EU) 2020/852), which establishes a classification system for 
sustainable economic activities, and the Sustainable Finance Disclosure Regulation (SFDR), Regulation 
(EU) 2019/2088), which requires financial institutions to disclose how they integrate sustainability 
risks into investment decisions. The Recovery and Resilience Facility (Regulation (EU) 2021/241) and 
the European Green Deal Investment Plan (COM(2020) mobilize significant resources to strengthen 
resilience, digitalization, and green growth, ensuring that economic sustainability is achieved through 
long-term competitiveness and responsible investment. 

 Sustainability Challenges 

The existing literature highlights ICT’s multi-dimensional sustainability challenges related to energy 
demand, GHG emissions, resource consumption, e-waste (ITU, 2025, World Bank, 2023), digital 
inequality, security risks, high costs, and unsustainable business models, among others (Digital Skills 
&Job Platform, 2025).  

The sustainability challenges in 6G networks, with ISAC, are multidimensional and require both 
technical innovation and systemic transformation. These challenges span the environmental, social, 
and economic pillars of sustainability, reflecting the complexity of aligning next-generation 
technologies with global sustainability objectives. From an environmental perspective, the primary 
challenges relate to energy efficiency, GHG emissions, and resource consumption (Hexa-X-II, D.1.2, 
2023). Energy efficiency in the existing literature represents a critical dimension of sustainable mobile 
communication (6G White Paper, 2019), influencing both the economic viability and ecological 
footprint of cellular networks. As the number of base stations continues to grow, responsible for 
nearly 57% of total energy usage, operational expenditures (OPEX) rise correspondingly due to 
increased electricity consumption. Enhancing efficiency, therefore, requires targeted optimization of 
base station energy use through advanced hardware design and effective power management 
strategies. Key measures include the adoption of energy-saving mechanisms such as sleep modes, 
dynamic power adjustment, and high-performance power amplifiers, alongside the integration of 
renewable energy sources. Previous research highlights the energy efficiency challenges, difficulty of 
measuring and lowering carbon intensity per user, while simultaneously aligning with net-zero targets 
(Hexa X II, D1.2). The management of electronic waste (e-waste) is equally critical, necessitating 
modular, repairable, and recyclable equipment, as well as responsible collection and recovery systems 
to reduce dependency on scarce resources (Hexa X II, D1.2; D1.4). These measures are essential to 
mitigate the environmental footprint of 6G and to support circular economy principles. 

From the social sustainability pillar, sustainability challenges include ensuring digital equality and 
social inclusion, alongside addressing security and data protection concerns among others (Hexa-X-II. 
April 2025). The risk of widening digital divides remains significant if 6G deployment 
disproportionately benefits advanced economies or urban areas. Moreover, the integration of ISAC 
and other data-intensive applications raises pressing issues of privacy, cybersecurity, and trust. 
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Research streams emphasize the need for secure-by-design architectures, resilience frameworks, and 
compliance with regulatory instruments such as the General Data Protection Regulation (GDPR) 
(Regulation (EU) 2016/679), Digital Service Act (DSA) ((EU) 2022/2065), and the EU NIS2 Directive (EU) 
2022/2555), EU Artificial Intelligence Act (AIA), (EU) 2024/1689). Societal acceptance of 6G 
technologies will depend on transparency, ethical AI integration, and stakeholder engagement. 

From the economic sustainability pillar, sustainability challenges are linked to cost structures and 
evolving business models. The rollout of 6G infrastructure requires substantial capital investment, 
raising questions about resource allocation and financial viability. At the same time, business models 
must expand beyond traditional telecommunications revenue streams to incorporate platform-based 
and service-oriented approaches.  Long-term viability depends on embedding transparency, 
accountability, and inclusivity into the economic logic of 6G. 

The sustainability challenges of 6G and (ISAC) businesses are deeply interconnected, reflecting the 
broader tension between technological advancement and responsible resource management. This 
interconnection amplifies sustainability considerations across all three pillars: environmentally, 
through reliance on rare earth materials and ecological impacts of resource extraction; socially, by 
reshaping security priorities and governance models; and economically, through questions of 
monetization, infrastructure duplication, and supply chain vulnerabilities. Linking these perspectives 
highlights that both 6G and ISAC demand holistic strategies to ensure that innovation aligns with 
long-term ecological balance, social trust, and economic resilience. 

Environmental sustainability challenges in ISAC stem from its reliance on rare earth elements and 
other specialized materials, the extraction of which frequently results in severe ecological impacts, 
including deforestation, water contamination, and biodiversity loss. Mining activities are associated 
with deforestation, water pollution, and biodiversity loss, thereby undermining environmental 
sustainability (Next G Alliance, 2024; Fraunhofer IIS, 2024). Furthermore, reliance on rare materials 
raises concerns about long-term ecological resilience, as resource depletion and environmental 
degradation may intensify with the expansion of ISAC networks. 

Social sustainability challenges in ISAC arise from the way transformative capabilities—such as 
autonomous systems, augmented human sensing, and immersive applications like digital twins—
reshape the security and governance landscape. The primary concern shifts from traditional data 
protection to safeguarding the integrity of the system’s perception of physical reality itself (Thapa & 
Nepal, 2025). This creates pressing issues of trust in digital infrastructures, equitable access to sensing 
services, and the establishment of cooperative governance models.  

From an economic perspective, ISAC offers efficiency gains by integrating sensing and communication 
into a unified system, thereby reducing hardware and signalling costs compared to traditional radar 
and communication setups (6G-MUSICAL, D.3.3). Yet, monetization of diverse business services 
remains uncertain. Key questions persist regarding who bears the costs of sensing functions, how 
expenses are shared, and whether viable business models can be established. If multiple actors 
independently build separate infrastructures without coordination, duplicated satellites, overlapping 
networks, and fragmented investments may waste resources and undermine economic sustainability. 
Additionally, ISAC hardware depends on rare materials and global supply chains, exposing the system 
to price volatility, geopolitical risks, and supply disruptions. Sustainable sourcing and diversification 
are therefore essential to ensure long-term economic stability. 

Table 1 provides an overview of the challenge category and the identified challenges in 6G and ISAC. 

Table 1: Existing challenges in 6G with ISAC 

Challenge category  Specific Challenges  
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Energy  

Maintaining performance in 6G networks can require high energy 
consumption across radio, core, and edge layers, posing sustainability 
concerns (6G-IA, December 2024). 
The integration of communication and sensing in ISAC systems can 
substantially increase power consumption in base stations, and end-user 
devices (Sheemer et al., 2025). 
Delivering low-latency sensing alongside high-throughput communication 
in ISAC necessitates advanced hardware and algorithms, which often drive 
up overall energy usage (Yao et al., 2025). 

GHG emissions 

In 6G, increasingly complex GHG emission reporting requirements demand 
both transparency and standardization, while simultaneously obliging the 
sector to pursue ambitious reduction targets (Recommendation ITU-T 
L.1480, 2022; Fraunhofer IIS, 2023). 
Commitment to environmental sustainability in 6G reported in (Next G 
Alliance, 2025) remains limited, raising concerns about the sector’s 
alignment with long-term ecological goals. 
The growing demand for AI in 6G networks can lead to increased energy 
consumption and higher GHG emissions, undermining sustainability 
objectives (Zhang et al., 2023). 
Geopolitical risks in global supply chains may force reliance on less 
sustainable suppliers, threatening the resilience and sustainability of 6G 
infrastructure (Ubrief, 2025). 
Measuring emissions across distributed ISAC infrastructures—including 
satellites, base stations, and sensors—presents significant methodological 
and technical complexity (Cenci & Biffis, 2025). 
The absence of standardized reporting frameworks in ISAC makes it 
difficult to track emission reductions and assess sustainability progress 
(Carbon Direct, 2025). 

Resource 
consumption 
(natural and non-
natural) 

Efforts to maximize spectrum efficiency in 6G can create tension between 
technological optimization and ecological responsibility (Matinmikko-Blue, 
2022; Fraunhofer IIS, 2023). 
The extraction of rare earth elements required for advanced 6G with ISAC 
technologies can contribute to land degradation, water pollution, and 
social conflicts, raising serious environmental and social sustainability 
concerns (Dominique et al., 2025). 

E-waste  

Weak regulation on e-waste poses risks for sustainable 6G business 
models, as insufficient policy frameworks hinder effective management of 
discarded devices and infrastructures (Chauhan et al., 2024). 
Current recycling systems struggle to recover valuable materials from 
advanced components, limiting resource efficiency and exacerbating 
environmental sustainability challenges.  

Digital equality and 
social inclusion 

Higher energy demand can translate into increased infrastructure and 
service costs, limiting equitable access (Suraci et al., 2022; SBS, 2025). 
Knowledge on the practical use and application of ISAC in 6G remains 
limited, creating uncertainty about its deployment and value creation in 
real-world contexts (Fraunhofer IIS, 2023). 

Security and data In 6G networks, data protection mechanisms remain underdeveloped, 
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leaving systems vulnerable to privacy breaches and insufficient safeguards 
for sensitive information (Martins et al., 2025). 
ISAC systems lack robust safeguards to guarantee the integrity of their 
perception of physical reality, creating risks around the accuracy and 
trustworthiness of real-world detection and interpretation (Dass et al., 
2024). 

Cost  

Pricing models and universal service obligations in 6G remain 
undetermined, creating uncertainty for operators and policymakers 
regarding equitable access and affordability (6G-IA White Paper, 2024). 
Stricter environmental regulations are expected to increase operational 
costs in 6G, placing additional financial pressure on businesses and 
infrastructure providers (Fraunhofer IIS, 2023). 
In ISAC, there is significant uncertainty over how the costs of sensing 
functions will be allocated and shared among stakeholders, complicating 
the development of sustainable business models (Sheemar et al., 2025). 

Business models  
 

Business model innovation in 6G often lacks a sustainability focus, with 
limited alignment of value creation to environmental and social 
responsibility, and a continued emphasis on short-term profit (Yrjölä et al., 
2025; 6G-IA, 2024). 
Current 6G business models provide little incentive for energy efficiency, 
resource sharing, or long-term resilience, undermining the sector’s ability 
to meet sustainability goals (6G-IA, 2024; Decorme et al., 2025). 
In ISAC, there is persistent unclarity regarding how companies will 
monetize diverse business services, leaving cost-sharing and revenue 
models unresolved (Thalpa & Nepal, 2025). 
The long-term viability of emerging 6G business models remains uncertain, 
as frameworks for resilience and sustainable value creation are still 
underdeveloped( Matinmikko-Blue et al., 2020). 

 Sustainability Guidelines  

The development of 6G must integrate the economic, social, and environmental sustainability pillars 
in a mutually reinforcing way to foster a sustainable future for all. This approach ensures that 6G 
technologies are designed to be responsible across all three pillars, while remaining equitable and 
accessible to people everywhere, regardless of geographic location or socioeconomic background 
(Hexa-X-II, D.1.1, 2023). 

In general, sustainability principles in Information and Communication Technology (ICT) emphasize 
reducing environmental impacts through energy-efficient design and responsible end-of-life practices. 
They also incorporate social and governance considerations aligned with the United Nations 
Sustainable Development Goals (SDGs). Core recommendations for ICTs typically include prioritizing 
energy efficiency, adopting renewable energy, managing electronic waste responsibly, and upholding 
ethical standards in data use, where the SDGs provide a comprehensive roadmap for sustainable 
development. 

Next, the existing guidelines for 6G are presented, related to each sustainability pillar. 

Environmental sustainability must be central to the development of 6G, embedding responsible 
principles into its planning, architecture, and network operations. Unlike earlier generations that 
focused primarily on maximizing performance through existing technologies, 6G should be designed 
to minimize ecological impact while ensuring long-term viability. This includes avoiding hazardous 
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substances in compliance with EU Directive on Restriction of Hazardous Substances (RoHS) (European 
Commission. (2011). Directive 2011/65/EU) and EU Regulation on Registration, Evaluation, 
Authorisation and Restriction of Chemicals (REACH) (Regulation (EC) No 1907/2006), adopting 
alternative materials, and ensuring equipment is modular and durable to extend lifespan, enable 
scalability, and reduce waste while improving reliability. The design of 6G must prioritize energy 
efficiency across production and operations, using low-power components, optimized architectures, 
and energy-efficient algorithms. Strategies such as renewable electricity use, reduced fluorinated 
gases, and conservation of energy and water in devices and data centers are essential. Incorporating 
edge computing and intelligent automation can further lower network energy consumption by 
reducing data transfer and dynamically managing system demand. At the same time, circularity 
practices should guide equipment design and operation, emphasizing renewable materials, reuse, 
refurbishment, recycling, and repair. Devices must be built for durability, modularity, and easy 
disassembly to enable responsible end-of-life management and sustainable resource recovery (Hexa-
X-II, D.1.1, 2023). 

Social sustainability in 6G is often grounded in two central pillars: trust and digital inclusion. Achieving 
these requires networks to be secure against cyber threats and to safeguard user privacy. AI-enabled 
solutions must be transparent and maintain human oversight to preserve accountability and trust. 
Infrastructure should remain flexible in both capacity and coverage to address diverse user 
requirements and the varying significance of applications, ranging from vital health services to leisure. 
Systems must avoid discrimination by considering differences in digital skills and cultural contexts. 
Lastly, consistent availability in coverage and capacity is crucial to uphold public confidence in digital 
technologies and services (Hexa-X-II, D.1.1, 2023). 

From an economic sustainability perspective, according to (Hexa-X-II, D.1.1, 2023), six key drivers 
shape the goals for 6G. These include designing 6G to generate value beyond individual users by 
supporting inclusive, community oriented futures; embedding sustainability at the core of business 
model innovation; fostering open value configurations and collaborative ecosystems; building long 
term competitive advantage through a holistic view of environmental, social, and economic 
interdependencies; ensuring monetization across diverse and challenging business contexts; and 
preparing to mitigate risks with 6G in evolving operational environments. These guidelines influence 
both the use and development of 6G, with the overarching conclusion that new technologies and 
stakeholders will require innovative, sustainability-driven business models to remain relevant in the 
markets of the 2030s. 
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3 Sustainability Assessment in 6G 

This section outlines existing work on sustainability assessment in 6G 

A substantial body of literature outside the scope of 6G has explored the concepts of sustainability 
assessment and impact assessment, with recent scholarship increasingly linking the two (Pope, et al, 
2004, Ness et al., 2007; Waas et al., 2014, Trautwein, 2021). The relationship between these concepts 
has been interpreted in different ways. Some studies view sustainability assessment as an umbrella 
term that encompasses impact assessment (Hacking & Guthrie, 2008; Ness et al., 2007), while others 
regard it as a new form of impact assessment that specifically emphasizes sustainability outcomes 
(Bond et al., 2012). 

In broad terms, Bond et al. (2012, p. 53) define sustainability assessment as “any process that aims to 
direct decision-making towards sustainability.” A broad definition of impact assessment describes it 
as “the process of identifying the future consequences of a current or proposed action” (IAIA 
International Association for Impact Assessment, 2020). A more detailed perspective offered by Visser 
(2010) highlights its importance for understanding triple bottom line sustainability impacts and 
supporting decision-making. In this view, impact assessment is “a process for ensuring that the 
possible future effects of a particular intervention on the environment, society or the economy are 
understood and taken into account in decisions concerning the progression and implementation of 
that intervention” (Visser, 2010, p. 231). The term “sustainability impact”  is defined as any process 
aiming to achieve sustainability goals and to make sustainability issues tangible and understandable 
based on a decision-guiding approach that helps to identify, structure and evaluate the sustainability 
impact of past, current and/or planned actions (Bond et al., 2012; IAIA International Association for 
Impact Assessment, 2020; Visser, 2010; Waas et al., 2014).  

Sustainability assessments that address the three pillars of sustainability can be divided into two 
categories. Regulatory mandatory assessments are legally required sustainability-related evaluations 
and disclosures that companies must perform under binding regulations, such as the Corporate 
Sustainability Reporting Directive (CSRD) (European Commission, 2022), the Corporate Sustainability 
Due Diligence Directive (CSDDD) (European Commission, 2023), and the EU Taxonomy Regulation 
(European Union, 2020). In contrast, voluntary assessments are non-binding frameworks or guidelines 
that organizations adopt to show their commitment to sustainability. Examples include the Global 
Reporting Initiative (GRI) (GRI, 2021), the Sustainability Accounting Standards Board (SASB) (SASB, 
2018), the Task Force on Climate-related Financial Disclosures (TCFD) (TCFD, 2017), and ISO Standards 
such as ISO 14001 for environmental management and ISO 26000 for social responsibility 
(International Organization for Standardization, 2010, 2018). 

The Corporate Sustainability Reporting Directive (CSRD) establishes a comprehensive regulatory 
mandatory assessment framework for sustainability reporting within the European Union (Directive 
(EU) 2022/2464). Its primary objective is to enhance transparency, comparability, and accountability 
in corporate sustainability practices, thereby aligning business activities with the EU’s broader climate 
and social policy goals. Companies must report on impact, risks and opportunities related to their 
operations and value chain. Recent proposals under the Omnibus Package seek to simplify 
requirements by reducing disclosure points and adjusting thresholds, while introducing digital tools 
for compliance. 

At the core of the CSRD lies the principle of double materiality, which obliges companies to assess 
sustainability from two perspectives. The first is impact materiality (inside-out), which considers how 
corporate operations affect the environment and society. The second is financial materiality (outside-
in), which examines how sustainability issues, such as climate risks or social inequalities, influence a 
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company’s financial position, performance, and resilience. Reporting must conform to the European 
Sustainability Reporting Standards (ESRS) and undergo independent assurance to ensure reliability 
and comparability. 

The CSRD is widely regarded as a transformative instrument that embeds sustainability into corporate 
strategy, enhances transparency for stakeholders, and fosters systemic change. It introduces digital 
tagging in reporting and requires companies to conduct a mandatory sustainability assessment 
methodology. This process involves identifying relevant sustainability topics across the value chain, 
evaluating impacts, risks, and opportunities using both qualitative and quantitative data, and 
prioritizing material topics based on significance thresholds. The results must then be integrated into 
structured reporting in line with the European Sustainability Reporting Standards (ESRS), while 
sustainability statements are subject to external verification and assurance to ensure reliability, 
consistency, and comparability across organizations. 

The methodology prescribed by the CSRD is iterative and evidence-based, requiring regular updates 
as new risks, opportunities, and stakeholder expectations emerge. It emphasizes stakeholder 
engagement, ensuring that diverse perspectives are considered in defining material issues. By 
embedding sustainability into corporate governance and reporting practices, the CSRD strengthens 
accountability and positions sustainability as a central element of long-term business resilience. 

The GRI Standards represent a voluntary sustainability assessment that provides a framework that 
allows organizations of any size or type, whether public or private, to assess and communicate their 
effects on the economy, environment, and society in a reliable and comparable manner (add reference 
- GRI website). By doing so, they enhance transparency and demonstrate how organizations contribute 
to sustainable development. Beyond businesses, these standards are also valuable for a wide range of 
stakeholders, such as investors, regulators, capital markets, and civil society groups. 

The Global Reporting Initiative (GRI) standards are structured into three main categories that provide 
a comprehensive framework for sustainability reporting. Universal standards apply to all organizations 
and cover fundamental disclosures, including human rights and environmental due diligence, ensuring 
alignment with international expectations. The sector standards offer tailored guidance for specific 
industries, promoting consistency in reporting sector-related impacts and enabling comparability 
across organizations operating in similar fields.  

The topic standards address particular sustainability issues, outlining disclosures relevant to each topic 
and ensuring that organizations report on material concerns in a structured and transparent manner. 
Designed as a flexible and modular system, the GRI Standards offer a comprehensive view of an 
organization’s most significant sustainability topics, the impacts associated with them, and the way 
they are managed. The GRI Standards are referenced in 477 policies, with six mandating compliance 
and 127 encouraging voluntary use, especially in Asia-Pacific, Europe and Latin America (GRI report, 
2024). 

Life Cycle Assessment (LCA) is one of the most important environmental sustainability assessment 
methods. LCA follows the international standards ISO 14040 and ISO 14044, which define the general 
methodological framework for conducting LCAs. These standards apply to all types of environmental 
assessments, including Product Environmental Footprints (PEF) and Product Carbon Footprints (PCF). 
The assessment scope may range from individual components to complete equipment or even large-
scale systems, such as an entire telecommunication network. Where relevant, the analysis may also 
include power supply losses and external cooling overheads, as these factors are essential for 
evaluating overall Power Usage Effectiveness (PuE). At a minimum, the environmental impact 
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assessment should cover total energy consumption and global warming potential. In addition, material 
resource efficiency can be evaluated using indicators such as abiotic depletion potential or through 
assessment of the water footprint, providing a broader view of environmental sustainability (6G-
MUSICAL, D. 2.1). 
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4 Business Models Approach  

This section outlines the key concepts of the business model approach, focusing on how business 
models are applied in the context of 5G and 6G technologies as well as in sustainability.  In next-
generation mobile networks, business models play a critical role in shaping how services are 
monetized, how investments are justified, and how innovation is fostered across industries.  

 Key Concepts of Business Models 

One of the earliest and most influential contributions to the conceptualization of business models in 
the technological domain was provided in (Timmers 1998) as “an architecture that integrates 
products, services, and information flows, accompanied by a description of the relevant business 
actors and their roles, the benefits accruing to these actors, and the sources of revenue generation”. 
This definition laid the foundation for subsequent scholarly and practical discussions, positioning the 
business model as a structural framework that captures both the value creation and value capture 
mechanisms within technology-driven markets. Since then, the definition of BM has converged on the 
view that mechanisms of value creation, delivery, and capture form its core (Ritter & Lettl, 2018). 

A business model can be defined as a representation of a firm’s logic and its strategic choices for 
creating and capturing value within an ecosystem. It reflects the specific choices made by 
management regarding organizational operations, resource allocation, and adaptation to external 
conditions (Casadesus–Masanell and Ricart, 2020). Both strategic and technological orientations are 
central to business model research, and numerous efforts have sought to bridge the gap between 
them. The rise of platformization and the development of platform-based business models have 
further reinforced the integration of strategic and technological foundations within the concept. 
Today, the business model is widely regarded as a contemporary paradigm for examining and 
leveraging diverse business ideas and conceptual frameworks (Wirtz et al., 2016). 

The business model can be regarded as a distinct unit of analysis, a comprehensive systemic 
architecture, and a tool for conducting boundary-spanning investigations across fields such as 
strategic management, entrepreneurship, and engineering management (Zott et al., 2011). This 
perspective extends the role of business opportunities beyond their identification, linking them to 
entrepreneurial actions that precede the actual functioning of the business model. The unresolved 
questions surrounding 6G business models concern the assumptions and foundations on which they 
will be built. Until 5G, mobile network services were largely defined in a top-down manner, flowing 
from networks to users and shaped predominantly by technological considerations. In contrast, the 
human-centric orientation envisioned for 6G suggests a shift toward a bottom-up perspective, 
beginning with user needs and extending toward the network. Such a conceptual and architectural 
transformation would position 6G services as centered on the user rather than being framed by 
national boundaries or tied to a specific technology generation.  

Key concepts of the business models are antecedents and outcomes. The antecedents of the business 
mode include opportunity, value, and competitive advantage (Ahokangas et al., 2024a, 2024b). The 
outcomes of the business model, in turn, are influenced by dimensions like scalability, replicability, 
and sustainability (Ahokangas et al., 2024a, 2024b). On the antecedent side, opportunity—whether 
discovered or created—can be considered the starting point of any business model. Without an 
opportunity, there is little rationale for developing a business model whose primary role is to explore 
and exploit opportunities as sources of positive potential. Value processes, which form the core of any 
business model, address the fundamental questions of what enterprises do, how they operate, and 
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why they pursue certain actions. Opportunity exploration and exploitation, in this regard, function as 
mechanisms for generating competitive advantage, thereby connecting the business model to its 
broader environment. Competitive advantage then allows organizations to deliver superior value to 
themselves, their shareholders, and broader stakeholders, while securing a favorable position against 
rivals. Processes such as value creation, delivery, capture, co-creation, co-capture, and even value 
sharing have long been recognized as central to the business model construct. 

 Business Models in 5G/6G - MNO perspective 

The telecommunications industry has made progress in rolling out 5G, a growing number of service 
providers worldwide have adopted 5G. By the end of 2025, one-third of all mobile subscriptions 
worldwide were 5G, marking a significant increase. This adoption reflects the trajectory of mobile 
communications. The 5G mid-band spectrum around 3.5 GHz has proven particularly effective in 
balancing coverage and capacity, thereby enhancing user experience and supporting the expansion of 
digital services. Between quarter 3 of 2024 and quarter 3 of 2025, mobile data traffic grew by 20 
percent, slightly above earlier forecasts. This surge highlights the interplay between subscription 
growth, improved network performance, and evolving user behavior. (Ericsson report, 2025). 

From the perspective of a mobile network operator (MNO) - Orange Romania, business models in 5G 
have drastically evolved from traditional connectivity-centric paradigms toward service-oriented and 
platform-based approaches, driven by network softwarization, slicing, edge computing, and exposure 
of network capabilities. Orange Romania’s experience with localized 5G standalone deployments is 
used a reference for the following paragraphs. While mass-market broadband connectivity remains a 
core revenue pillar, the most significant monetization opportunities in 5G have emerged in the 
business-to-business (B2B) and business-to-government (B2G) segments, where differentiated service 
characteristics, predictability, and service-level guarantees are valued more than raw bandwidth, but 
are more difficult to market and sell. 

The first category of 5G business models is based on network slicing and prioritized connectivity 
services. In this model, Orange Romania provides private network slices for enterprise customers, 
including dedicated data network names (DNNs), Layer 3 connectivity toward customer premises or 
cloud environments, and guaranteed performance parameters such as aggregate maximum bit rate 
(AMBR), minimum guaranteed throughput, latency bounds, and radio resource reservations. These 
services are monetized through recurring monthly fees, differentiated according to slice 
characteristics and service-level agreements (SLAs). In parallel, prioritized access to the public network 
is offered through differentiated 5QI profiles, allowing selected users or applications to benefit from 
preferential scheduling and reliability. This prioritization is typically monetized via per-user monthly 
add-on fees, scaled by the criticality of the service. 

A closely related but more infrastructure-intensive model is represented by dedicated mobile private 
networks (MPN). In markets such as Romania, where spectrum access is restricted to licensed MNOs, 
Orange Romania delivers MPNs by deploying dedicated 5G core network instances and allocating 
radio resources from its licensed spectrum. This model targets industrial campuses, ports, logistics 
hubs, and critical infrastructure operators. Pricing is primarily subscription-based, reflecting the scale 
of the deployed core and radio infrastructure, with optional add-ons for advanced functionalities such 
as security, monitoring, and integration with customer IT systems. This model has proven particularly 
relevant for industrial digitalization and mission-critical environments. 

Beyond connectivity, Orange Romania has expanded its 5G business models toward value-added 
services and applications, enabled by the 5G Standalone architecture. A relevant example is indoor 
localization, implemented using the 5G positioning framework (LMF, GMLC) and radio-based 
measurements. Localization services are monetized as a recurring service, with pricing parameters 
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depending on the covered area, the number of tracked devices, and the required tracking frequency 
and accuracy. Similarly, edge computing as a service has emerged as a key monetization lever, 
leveraging Orange Romania’s geographically distributed Tier-1 data centers. Customers are charged 
recurring fees based on allocated compute, storage, and network capacity, enabling latency-sensitive 
applications such as video analytics, industrial control, and real-time data processing. 

Mission-critical communications represent another well-established 5G business model, particularly 
for public authorities and industrial operators. These services provide secure group communications, 
prioritized access, and high availability, and are monetized through per-user subscriptions combined 
with requirements for certified end-user devices. Complementary services such as video analytics for 
public safety and industrial surveillance further extend the value proposition, typically priced per 
monitored camera and differentiated by the complexity of embedded machine learning models and 
analytics features. 

In parallel, Orange Romania has adopted platform-based business models through network capability 
exposure. Leveraging the 5G Network Exposure Function (NEF) and integration with legacy IT systems, 
Orange Group has developed the Orange Developer Portal, which aggregates network APIs across 
affiliates, including identity, location, quality-on-demand, and security-related capabilities. These APIs 
are monetized on a usage-based model, with per-call or per-transaction pricing, and target application 
developers and enterprises in sectors such as retail, mobility, and finance. This approach marks a clear 
shift from selling connectivity to enabling ecosystems, where the operator acts as a platform provider. 

Looking toward 6G, Orange Romania anticipates a further narrowing of high-potential business model 
domains, with Integrated Sensing and Communication (ISAC) and edge infrastructure sharing 
emerging as the most promising areas for sustainable value creation. In the ISAC domain, the operator 
envisions an evolution of the current 5G localization architecture toward a centralized sensing 
framework integrated into the network. This enables Sensing-as-a-Service models, where customers 
can request sensing operations, such as crowd density estimation, drone detection, maritime 
monitoring, or area imaging, on demand. Monetization is expected to follow a per-sensing-request 
model, differentiated by accuracy, spatial coverage, update rate, and committed SLA. Additional ISAC-
driven services include vehicular applications such as autonomous guided vehicles and cooperative 
convoys, priced on a per-device subscription basis, as well as environmental monitoring services for 
agriculture and smart cities, charged per analysis or prediction request. 

A second high-potential 6G business model area is edge infrastructure sharing and federation, aligned 
with the “3C” (communications–computing–control) concept. In this model, edge computing nodes 
deployed at radio sites host both virtualized RAN processing functions and third-party latency-critical 
applications. The business model relies on a centralized orchestration and onboarding platform that 
enables federation across multiple MNOs and countries. Monetization is based on recurring fees per 
allocated computing and network capacity, with scalability along geographical and cross-border 
dimensions. This approach supports sustainability by maximizing infrastructure utilization and 
reducing duplication, while enabling new cross-ecosystem services. 

To support the systematic analysis and design of business models in the evolving 5G and 6G landscape, 
Table 2 provides a structured synthesis of the main model types, their key characteristics, value 
propositions, enabling technologies, target stakeholders, and illustrative use cases. The table reflects 
the coexistence of traditional connectivity-driven approaches alongside more innovative content- and 
service-oriented models. 

Overall, for operators such as Orange Romania, the long-term viability of 6G business models will 
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depend on the ability to integrate these services into scalable, standardized, and sustainability-aware 
frameworks that align economic viability with environmental and societal objectives. 

Table 2: Business Models in 5G/6G 

Business 
Model Type 

Characteristics Value Proposition 
Enabling 
Technologies 

Target 
Stakeholders 

Connectivity-
Based 
(Traditional 
MNO) 

Large nationwide 
coverage, multi-
generation network 
integration, mass-
market focus, bit-
pipe logic 

Reliable 
broadband 
connectivity, 
regulatory 
compliance, large-
scale coverage 

2G–5G networks, 
Wi-Fi, IoT 
integration, 
network 
virtualization 

General public, 
SMEs, regulators 

Content-
/Service-
Based 
(Challenger / 
Hybrid) 

Bundled connectivity 
+ specialized 
services, niche or 
vertical market 
focus, value-added 
services 

High-value digital 
services, 
differentiated 
experience, 
private or 
specialized 
networks 

Network slicing, 
edge computing, 
AI-native 
automation, 
secure data 
sharing, 
private/local 
networks 

Enterprises, 
vertical sectors, 
local 
communities 

 Business Models in Sustainability 

The business model perspective is important for sustainability because it shows how organizations 
create value and what effects this has. It also opens the door to new forms of governance, such as 
public–private partnerships or social enterprises, moving beyond narrow profit-focused models. By 
focusing not only on technology or products but on the overall system of value creation, delivery, and 
capture, the business model lens helps researchers and practitioners understand how sustainability 
can be built into the core structure of organizations (Schaltegger et al., 2016). Business models offer 
a way to rethink value beyond just financial profit, by including environmental care, social fairness, 
and long-term resilience. This broader perspective is crucial for tackling sustainability challenges that 
go beyond limited economic measures (Nosratabadi et al., 2019). 

The increasing cumulative impact of global challenges such as climate change, global warming, and 
overconsumption is driving significant shifts in business operations (Węglarz, 2025). So, in theoretical 
literature (Cantele & Truzzi, 2020), broadening the notion of value to include the aspects of 
sustainability has created the foundations for a rapidly expanding discussion on sustainable business 
models and business models for sustainability.  

Following the theoretical perspectives from the early research, sustainable business models are 
viewed as adaptations of traditional business model concepts, enhanced with specific features and 
additional aims. SBMs take a holistic view of business operations, considering economic, 
environmental, and social aspects, as well as the needs of all stakeholders, including nature (Bocken, 
2023; Geissdoerfer et al., 2018). They either embed sustainability-related principles, goals, or ideas, 
or integrate sustainability into their value proposition, the processes of value creation and delivery, 
and/or value capture mechanisms (Geissdoerfer et al., 2018). Furthermore, while technological 
advances and broader macro-level trends are creating significant opportunities for organizations to 
innovate their business models, they lead to the dual transitions of digital transformation and 
sustainable development resulting in digital-sustainable business models (Palmié et al., 2024). 
Business models for sustainability focus on creating value for various stakeholders and the 
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environment, with a core logic built on reinforcing feedback loops between customer value, firm 
value, and social, environmental and economic value (Abdelkafi & Täuscher, 2016). With the 
advancement of technologies and digitalization, their use to support BMFS is increasing. So, the 
growing field of digital sustainability explores how digital technologies can facilitate the generation of 
environmental and social value. Supporting the development of this value requires a business model 
perspective that links value creation with value capture. (Bencsik et al., 2023). In sustainability, 
business models can help reshape industrial infrastructures by supporting localized and decentralized 
solutions that better address community needs and environmental limits. Their ability to adjust scale 
makes them especially important for guiding sustainability transitions. Research on BMs for 
sustainability emphasizes the importance of creating value for a diverse set of stakeholders, including 
customers, employees, communities, and nature itself. This stakeholder-centric logic challenges 
conventional shareholder primacy and aligns organizational strategies with broader societal goals 
(Bocken, 2023).  

Sustainable business models link customer value, firm value, and social–environmental value through 
reinforcing feedback loops. Examining these connections shows how sustainability-focused 
innovations can create lasting positive impacts instead of short-term results. When business models 
are seen as drivers of institutional change, it becomes clearer how organizations advance sustainability 
and help spread new norms across industries and societies (Massa et al., 2017).  

From theoretical perspectives, broadening the idea of value to include sustainability has also opened 
up an expanding discussion on both sustainable business models and business models for 
sustainability (Cantele & Truzzi, 2020). Sustainable business models adopt a holistic perspective, 
addressing economic, environmental, and social dimensions while considering the interests of all 
stakeholders, including nature (Bocken, 2023).  

Business models for sustainability emphasize creating value for stakeholders and the environment, 
guided by a logic that reinforces the connections between customer value, firm value, and broader 
social, environmental, and economic value 

The rise of sustainability as a central dimension of organizational strategy has significantly influenced 
the evolution of business models in the telecommunications sector, particularly in the context of next-
generation networks such as 6G. As global challenges, including climate change, resource scarcity, 
rising energy costs, and social inequalities, intensify, organizations are increasingly required to adopt 
business models that consider environmental limits, social fairness, resilience, and long-term impact. 
This transformation is particularly relevant for the development of 6G, which is envisioned as a socio-
technical system designed not only for technological performance but also for sustainability, 
inclusiveness, and societal value creation (Matinmikko-Blue et al., 2020).  

A key contribution of sustainable business models is their capacity to shift focus from centralized, 
large-scale infrastructures toward more distributed, participatory, and locally adapted solutions. This 
includes community networks, renewable energy-powered base stations, local edge clouds designed 
to reduce energy consumption and latency, and circular business models for network equipment 
involving repair, reuse, refurbishment, and recycling. Such distributed approaches not only promote 
sustainability but also enhance resilience, democratize access to digital infrastructure, and strengthen 
local economies.  

Telecom operators such as Orange play a crucial role in advancing sustainability-oriented business 
models. Orange has implemented strategies focused on energy efficiency, renewable energy 
integration, eco-design, circularity, and responsible AI. Group-wide initiatives such as Orange’s Net 
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Zero Carbon Strategy and the Green ITN Program1 demonstrate how sustainability can be integrated 
across operations, procurement, and innovation. 

  

 

1 Reducing CO2 | Orange 

https://www.orange.com/en/our-impact/protecting-our-planet/reducing-co2
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5 Preliminary Market Analysis on ISAC in 6G  

ISAC is emerging as a cornerstone of the 6G vision. Unlike 5G, where sensing functionalities were 
limited primarily to basic positioning, 6G aims to embed sensing as a native and integral part of the 
communication infrastructure. Entities such as the International Telecommunication Union (ITU), Next 
G Alliance (NGA), Next Generation Mobile Networks (NGMN), 3rd Generation Partnership Project 
(3GPP), European Telecommunications Standards Institute (ETSI), Hexa-X-II project, and 6G-MUSICAL 
project have each contributed to the development and analysis of ISAC-related use cases. These use 
cases illustrate how sensing capabilities embedded within communication networks can unlock 
transformative services across industries. 

ISAC extends beyond traditional positioning to enable advanced capabilities such as radar-like and 
non-radar sensing using existing communication waveforms. This innovation opens the door to 
transformative services like Sensing-as-a-Service (SaaS) and large-scale environmental or "landscape" 
sensing, enabling a more intelligent network experience (Hexa-X, D3.2, 2023). The integration of 
sensing into communication systems is not just a technological enhancement—it represents a 
paradigm shift in network design. ISAC can support novel applications requiring real-time 
environmental awareness by offering wide-area, multi-dimensional sensing, depending on the setup. 
ISAC allows networks to detect and interpret spatial information related to both connected and 
unconnected objects, and their movement patterns and the surrounding context (Hexa-XII, 
Deliverable 1.2, December 2023). This capability is crucial for enabling intelligent services in smart 
cities, autonomous mobility, industrial automation, and immersive augmented/virtual reality 
environments (Hexa X-II, Deliverable 1.4, 2025). The economic projections across major sectors reveal 
that 6G technologies could become a foundational driver of digital transformation worldwide. 6G 
infrastructure, with a CAGR of 77.2%, the 6G market is expected to leap from USD 4.6 billion in 2030 
to USD 69.3 billion by 2035. This predicted growth reflects global momentum in R&D, standardization, 
and early-stage deployments of next-generation networks that integrate sensing and 
communication.6G - although starting from a smaller base ($4.6B), its expected to grow at a staggering 
CAGR of 77.2%, highlighting the potential of the next generation of telecom, which is a key enabler for 
smart sectors. 

The CAGR and estimated global market values underscore the economic opportunity and importance 
of 6G where ISAC can play a role in shaping the future of various industries: 

Automotive Sector, projected to grow from USD 60.3 billion in 2025 to USD 449 billion by 2035, at a 
CAGR of 22.2%, the automotive industry is embracing 6G for autonomous driving, vehicle-to-
everything (V2X) communication, and real-time environmental sensing, core to the future of mobility. 
Automotive - from $60.3B (2025) to $449B (2035), fueled by autonomous vehicles, EVs, and 
connectivity with a CAGR of 22.2% shows robust, stable growth. 

Smart Cities, growing at a 22.59% CAGR, the smart city market will surge from USD 1.82 billion in 2024 
to nearly USD 13.95 billion by 2034. 6G will underpin next-gen urban infrastructure, enabling 
intelligent traffic systems, public safety networks, and immersive citizen services. Smart City - 
significant CAGR (22.59%) but from a smaller base. Urban infrastructure digitalization will continue 
driving demand. 

Smart Farming, with a more modest but steady CAGR of 12.86%, the smart agriculture sector is 
projected to rise from USD 16.3 billion in 2023 to USD 42.92 billion by 2031. 6G will support precision 
farming through distributed sensing, autonomous equipment, and low-power rural connectivity. 
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Smart Farming- growing steadily with CAGR of 12.86%. Driven by precision agriculture, drones, AI for 
crop monitoring, though investment is slower. 

Healthcare, driven by telemedicine, remote monitoring, and AI-powered diagnostics, smart healthcare 
is set to expand from USD 283.41 billion in 2024 to USD 1,547.41 billion by 2034, at an 18.5% CAGR. 
6G will be essential for latency-sensitive and mission-critical medical applications. Healthcare - huge 
leap from $283B to $1.5T. Reflects post-COVID health tech acceleration, wearables, remote care, and 
AI diagnostics. 

Manufacturing, expected to grow from USD 310.92 billion in 2023 to USD 998.99 billion by 2032, with 
a 14.0% CAGR, smart manufacturing is leveraging 6G for cobots, digital twins, and real-time analytics, 
marking a major leap in industrial automation and productivity. Smart Manufacturing- from $310.92B 
to nearly $1T, it's a core pillar in Industry 4.0. Growth is solid at 14%, indicating strong demand for 
digitization and automation. 

The market trends summarized above are presented in Table 3. 

Table 3: The sector’s market trends 

Sector Value (Initial Year) 
Target Value 

(Future Year) 
CAGR (%) Time Span 

6G 4.6 (2030) 69.3 (2035) 77.2% 5 years 

Automotive 60.3 (2025) 449 (2035) 22.2% 10 years 

Smart City 1.82 (2024) 13.95 (2034) 22.59% 10 years 

Smart Farming 16.3 (2023) 42.92 (2031) 12.86% 8 years 

Healthcare 283.41 (2024) 1,547.41 (2034) 18.5% 10 years 

Manufacturing 310.92 (2023) 998.99 (2032) 14.0% 9 years 
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6 Preliminary New Sustainability Approach for 6G with ISAC 

Next, this research proposes a preliminary new framework for sustainability in 6G with ISAC, which 
progresses through a series of interconnected layers and is anchored in the three sustainability pillars, 
environmental, social, and economic. At the technological level, 6G and ISAC constitute the enabling 
infrastructure. Building on this, sustainability challenges identified across the two dimensions of 
“Sustainable 6G” and “6G for Sustainability” are considered in the process. Insights derived from these 
assessments cascade to the Business Model Approach that refers to Business Models for Sustainable 
6G and Business Models for6G for Sustainability. The subsequent layer introduces Sustainability 
Assessment, which involves identifying complementary assessment methods. Complementary 
assessment methods, including regulatory mandatory assessments and regulatory voluntary 
assessments, are employed to capture the complexity of impacts. Finally, the framework evolves in 
Strategic Management Actions, where assessment outcomes and business models are operationalized 
into concrete sustainability guidelines. These actions ensure that sustainability is embedded across 
the three pillars. 

 

Figure 2: Sustainability approach 
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7 New preliminary business models for 6G with ISAC considering 

sustainability 

 The proposed approach 

This section presents the conceptual approach for business models and sustainability in 6G and ISAC 
in the 6G-MUSICAL project. Figure  depicts the proposed approach to business models and 
sustainability in 6G, starting from the centre where the shared anchor between business model and 
sustainability in the context of 6G. The left-hand side presents the business model approach and the 
right-hand side the sustainability approach. On the sustainability side, the two key dimensions that 
connect sustainability to 6G technology include “Sustainable 6G” and “6G for Sustainability”. These 
sustainability dimensions show how 6G can both embody sustainability and empower it. Supporting 
this interconnection are the three sustainability pillars,: Environmental, Social, and Economic, which 
define the core areas of impact. On the business side, two complementary approaches are highlighted: 
“Business Models in Sustainable 6G” and “Business Models for 6G for Sustainability”. These 
approaches reflect how businesses can innovate or evolve to align with sustainability imperatives. 
Finally, the outermost layer identifies the antecedents of business models: Opportunity, Value, and 
Advantages.

 

Figure 3: Conceptual approach of the research on Business models and sustainability in 6G  

In the context of sustainability and business models in 6G, we define “opportunity” as a situation for 
addressing sustainability challenges while capturing value with ecosystem stakeholders. “Value”, in 
turn, refers to something that has become actualized and has material outcomes. Thus, we define 
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value creation as establishing premises for positive outcomes for ecosystem stakeholders. Finally, 
advantages can be considered as intensive, to make a difference or stand out in competition. Thus, 
we define advantages as unique outcomes that enable leveraging long-term value capture, positive 
externalities among ecosystem stakeholders, and create spillover effects beyond ecosystem 
boundaries.  

In business models in Sustainable 6G and business models for 6G for sustainability is defined as the 
direct environmental, social and economic impact associated with the physical existence of 6G itself, 
and 6G  for sustainability are defined as the indirect impact created by the use and application of 6G. 

 Business Models for Sustainable 6G 

Table 4 presents the proposed new preliminary business model antecedents, opportunity, value and 
advantage, against the “Sustainable 6G” dimension considering environmental, social and economic 
sustainability pillars. The environmental sustainability impact related opportunities concern building 
and developing resource-effective solutions and solutions for environmental impact assessments. The 
social sustainability may mean promoting inclusiveness, equality, and diversity of actors in 6G 
development and complying with regulations. Opportunities for creating sustainable 6G economic 
sustainability impacts include improving effectiveness and efficiency for the developers and providers 
of 6G solutions and creating new markets for technologies and services. Regarding value creation, the 
environmental sustainability effects may be exemplified by promoting circularity and reducing 
resource consumption in 6G. Social sustainability impacts, in turn, may mean promoting human-
centricity and other values in 6G development, while promoting co-operative ownership of solutions 
and public-private-people partnerships. From the economic viewpoint, effects could concern 
promoting cost reduction and new revenue generation for 6G.  

Finally, environmentally sustainable related advantages include the availability and transparency of 
sustainability reporting data in compliance with regulations and optimized operations based on such 
data. Social sustainability impacts mean maintaining human values and transparent governance. 
Economic sustainability related impacts may mean access to global markets and, consequently, new 
revenues. 

Table 4: Framework for Business Models for Sustainable 6G 

Business Models for Sustainable 6G 

BM antecedents Environmental Social Economic 

Opportunity 

Build ICT solutions that 
minimize resource 
consumption (incl. 
energy) and/or harm 
to environment. 

 

Develop ICT solutions 
for environmental 
impact assessments to 
comply with the 

Promote the 
inclusiveness, equality 
and diversity of actors 
in ICT development. 

Improve working 
conditions and 
empower developers 
in ICT sector. 

Comply with   data 
privacy and security, 

Improve effectiveness 
and efficiency for the 
developers and 
providers of ICT 
solutions.  

Create new markets 
for technologies and 
services. 
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regulations. 

 

and AI regulations. 

Value 

Promoting circularity 
within the ICTs. 

Reducing energy and 
other resource 
consumption in the 
ecosystem through 
supply chain 
management. 

Promoting human 
centricity, digital 
inclusion and other 
values in ICT 
development. 

 

Promoting co-
operative ownership 
and  public-private-
people partnerships. 

Promoting cost 
reduction and new 
revenue generation 
for ICT. 

 

Supporting developer 
communities and 
frugal innovations. 

Advantage 

Availability and 
transparency of 
sustainability 
reporting data in 
compliance with 
environmental 
sustainability 
regulations. 

 

Optimized operations 
based on the 
sustainability data. 

Achievement of 
human values and 
governance 
transparency. 

 

Access to global 
businesses with new 
secure and 
trustworthy services.  

 

New revenue 
generation for ICT. 

 Business Models for 6G for Sustainability 

Table presents the proposed for business model antecedents, opportunity, value, and advantage, 
against the ”6G for Sustainability” dimension considering environmental, social, and economic 
sustainability pillars. The environmental sustainability impacts include the use of resource-effective 
solutions and solutions for environmental impact assessments. Social sustainability impacts may 
include bridging the digital divide and providing access to relevant digital services to enhance well-
being, empowering people, and ensuring proper data privacy, security, and AI regulation compliance. 
Opportunities for creating the economic sustainability effects mean taking the same effects to other 
sectors through the use of 6G solutions. 

Regarding value creation, the impacts may mean enabling circularity and bringing the value created 
by sustainable 6G to other sectors. 6G for Sustainability, again, concerns the utilization of 6G for social 
sustainability-enhancing activities. From the economic viewpoint, 6G for Sustainability can impact 
other sectors by providing data for environmental and social development. 

Finally, environmental pillar in “6G for Sustainability” includes advantages such as the availability and 
transparency of sustainability reporting data effects in compliance with regulations and optimized 
operations based on such data to other sectors, too. Shared information should help other sectors to 
make informed decisions and optimize their operations. Social sustainability impacts may mean the 
achieved digital inclusion and the availability of life-enhancing services. Economic sustainability 
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impacts include cost reductions, efficiency improvements while minimizing resource usage, and new 
revenue generation with the use of 6G as presented in  Table . Framework for bringing together 
business model antecedents, sustainability pillars and 6G for Sustainability impact perspectives in 6G. 

Table 5: Framework for Business Models for 6G for Sustainability 

Business Models for 6G for Sustainability 

BM 
antecedents 

Environmental Social Economic 

Opportunity 

Use of 6G solutions 
for reducing 
resource 
consumption of 
other sectors. 
Use of 6G solutions 
environmental 
impact assessments 
to comply with the 
regulations. 

Bridge the digital divide 
and provide access to 
relevant digital services 
to enhance wellbeing 
and empower people. 
Promote trust-
worthiness, privacy, 
security, and trust. 
Ensure proper use of 
data privacy and 
security, AI regulation. 

Improve effectiveness and 
efficiency in other sectors. 
Create new markets for 
technologies and services.  

Value 

Enabling circularity 
through 6G 
solutions. 
Reducing energy and 
other resource 
consumption in 
other sectors. 

Exploiting secure 
connectivity for life-
enhancing services and 
empowerment for 
digital inclusion. 

Promoting cost reduction and 
enabling new revenue 
generation in other sectors. 
Providing data for 
environmental and social 
development. 

Advantage 

Availability and 
transparency of 
sustainability 
reporting data in 
other sectors. 
Shared knowledge 
about the 
environmental 
sustainability of 
products and 
services to 
customers for 
informed decision 
making and 
optimizing 
operations.  

Accomplishment of 
digital inclusion and 
availability of life-
enhancing services 
while  
ensuring privacy and 
security, 
trustworthiness 
Bridging knowledge 
gaps, fostering a more 
informed community 
that encourages 
collaboration and 
responsible action.   

Achievement of cost 
reduction, efficiency 
improvements, minimizing 
resource usage. 
New revenue generation from 
the use of 6G technologies 
and services. 
 

 Business Models for 6G with ISAC 

The 6G-MUSICAL project explores the convergence of communication and sensing capabilities in 
future mobile networks, aiming to create new service paradigms that integrate high-rate 
communication with precise localization, object tracking, and 3D imaging. By equipping edge 
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infrastructure nodes with RF/radar-based sensing elements, 6G-MUSICAL enables centimeter-level 
resolution in both indoor and outdoor environments while maintaining spectral and energy efficiency. 
This integration supports applications that require accurate real-time awareness of dynamic 
environments, including industrial automation, smart transportation, urban monitoring, and health 
and safety services. 

Integrating sensing into 6G networks fundamentally changes the potential business models for 
network operators and vertical sectors. Rather than providing connectivity alone, operators can offer 
services that exploit both data transmission and situational awareness. The combination of 
communication and sensing creates opportunities for more precise, predictive, and adaptive services, 
which in turn can generate social, environmental, and economic value. For instance, in industrial 
settings, sensing-enabled networks allow automated guided vehicles (AGVs) to navigate warehouses 
more efficiently, reducing energy consumption and optimizing operational workflows. In 
transportation, 6G networks can enable smart convoys where vehicles communicate positional and 
operational data to adjust speed and spacing dynamically, reducing fuel consumption and enhancing 
road safety. 

The potential societal impact of integrating communication and sensing in 6G is significant. By 
providing fine-grained situational awareness, the network can support public safety applications such 
as intrusion detection, UAV monitoring, and railway safety. At the same time, sensing capabilities 
embedded in the network can be used to monitor environmental parameters, such as weather 
conditions in urban areas, enabling real-time alerts that improve citizen safety and facilitate 
emergency responses. These applications highlight how 6G infrastructures can be leveraged to 
address sustainability objectives, promoting digital inclusion, enhancing security, and supporting the 
development of resilient urban environments. 

To systematically assess the potential business models arising from these use cases, the 6G-MUSICAL 
project applies a structured framework that links business model antecedents, opportunity, value, and 
advantage, to sustainability pillars across environmental, social, and economic dimensions. Table 6 
provides a synthesis of proposed business models for the main use cases, illustrating how integrated 
communication and sensing can create positive impacts across multiple domains. 

Table 6: Business Models for the main ISAC use cases  

Use Case BM Antecedent Environmental Social Economic 

Indoor AGV 
Localization in 
Warehouses 

Opportunity 

Use of ICT to 
optimize AGV 
routing and reduce 
energy 
consumption in 
warehouses. 

Enhances 
workplace 
safety and 
efficiency, 
supports staff in 
monitoring 
automated 
processes. 

Improves 
operational 
efficiency and 
reduces costs; 
enables new 
services for 
warehouse 
automation. 

Smart Convoys Value 

Optimized vehicle 
movement reduces 
fuel consumption 
and emissions. 

Supports safe 
and 
coordinated 
vehicle 
operation; 
increases trust 
in transport 
systems. 

Reduces logistics 
costs; enables 
services for 
intelligent 
transport systems. 
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Intruder 
Detection in 
Secure Areas 

Advantage 

Minimizes need for 
additional security 
equipment, 
reducing 
energy/resource 
use. 

Improves safety 
for people and 
assets; fosters 
trust in security 
infrastructure. 

Reduces security 
operation costs; 
creates 
opportunities for 
managed security 
services. 

Road Fault 
Identification 

Opportunity 

Real-time 
monitoring reduces 
maintenance 
resource 
consumption; 
enables proactive 
interventions. 

Improves road 
user safety; 
provides timely 
information to 
municipalities 
and drivers. 

Reduces repair 
costs and road 
closure 
disruptions; 
supports new 
smart road 
services. 

UAV Intrusion 
Detection 

Value 

Reduces 
environmental risk 
by preventing 
accidents and 
collisions with 
critical 
infrastructure. 

Enhances public 
safety; protects 
sensitive areas. 

Enables 
commercial UAV 
monitoring 
services; reduces 
liability costs. 

Railway 
Intrusion 
Detection 

Advantage 

Uses existing 
network 
infrastructure; 
reduces additional 
sensor deployment 
and energy usage. 

Improves safety 
for passengers 
and personnel; 
promotes 
reliable rail 
services. 

Reduces costs for 
rail operators; 
potential new 
revenue from 
safety services. 

Weather 
Monitoring in 
Smart Cities 

Value 

Uses network 
signals to reduce 
need for separate 
weather sensors, 
minimizing 
resource use. 

Provides real-
time alerts to 
communities; 
supports public 
safety and 
emergency 
response. 

Reduces costs of 
weather 
monitoring; 
enables data 
services for 
municipalities. 

Fall Detection Opportunity 

Optimizes use of 
energy-efficient 
sensors for 
monitoring 
vulnerable 
populations. 

Protects elderly 
or disabled 
individuals; 
improves 
emergency 
response times. 

Reduces 
healthcare costs; 
potential revenue 
from assisted-
living monitoring 
services. 

Gesture 
Recognition for 
Smart Home 
Devices 

Advantage 

Reduces need for 
physical control 
devices; lower 
electronic waste 
and energy 
consumption. 

Improves 
accessibility for 
users with 
mobility 
limitations; 
enhances user 
experience. 

Enables smart 
home service 
packages; 
potential new 
revenue from 
gesture-controlled 
devices. 
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The evaluation highlights how integrating communication and sensing into 6G can generate multiple 
layers of sustainability value. Environmentally, leveraging existing network infrastructure for sensing 
reduces the need for separate devices, lowers energy consumption, and supports circularity in ICT 
deployment. Socially, these use cases enhance safety, digital inclusion, accessibility, and trust, 
addressing critical societal challenges in industrial, urban, and domestic environments. Economically, 
the deployment of sensing-enabled services provides opportunities for cost reduction, new revenue 
streams, and efficiency improvements, both for operators and for vertical sectors. 

Overall, the preliminary business models emerging from 6G-MUSICAL demonstrate that the 
convergence of communication and sensing can transform the role of mobile networks from passive 
connectivity providers to active facilitators of sustainable value creation. By aligning technological 
capabilities with sustainability goals and stakeholder needs, these models offer a pathway to realizing 
6G networks that are economically viable, socially responsible, and environmentally conscious. 
Further refinement of these models will require detailed cost-benefit analysis, lifecycle assessment, 
and integration with regulatory and ethical frameworks to fully quantify and operationalize their 
sustainability potential. 



6G-MUSICAL Horizon No. 101139176 Deliverable D2.3  
 

Page 42 of 55 

 

8 Preliminary Sustainability Guidelines in 6G  

This chapter provides preliminary sustainability guidelines for 6G and ISAC, aimed at providing input 
to the research in 6G-MUSICAL and beyond. The sustainability guidelines in 6G, with ISAC, should 
consider all three pillars of sustainability, namely environmental, social, and economic, in an 
interdependent manner to promote a sustainable future for everyone. This is to ensure that the 
development of 6G, with ISAC, is environmentally, socially, and economically responsible, equitable, 
and accessible to everyone, regardless of their location or socioeconomic status. As part of the broader 
commitment to shaping a sustainable future, the development of 6G, with ISAC businesses, must 
prioritize the creation of business models that are not only technologically advanced but also 
environmentally responsible, socially accepted, and economically resilient.  

Importantly, these preliminary guidelines are designed, to take into account the regulatory and 
market-driven developments. European frameworks, such as the CSRD (Directive (EU) 2022/2464) 
that establish mandatory sustainability requirements that ICT must comply with, while the GRI 
Standards (GRI Standards 2021) provide internationally recognized benchmarks for transparent and 
comparable disclosure of environmental, social, and governance performance. Aligning 6G business, 
with ISAC with such regulations, will shape business models, investment strategies, and stakeholder 
expectations, impacting the decision-making process. At the same time, market development in the 
2030s will increasingly reward technologies that embed sustainability at their core, making compliance 
with regulation a source of competitive advantage. Thus, sustainability in 6G businesses is both a 
regulatory obligation and a market opportunity, ensuring relevance and resilience in future digital 
ecosystems.  

Next, sustainability guidelines for 6G, with ISAC, are proposed.  

 Guidelines for Environmental Sustainability 

Sustainability approach in 6G requires a paradigm shift in how business performances are defined and 
evaluated. Rather than focusing solely on metrics such as profit, cost, 6G business models must also 
account for environmental sustainability topics of energy efficiency, carbon footprint, resource 
circularity, and ecological impact across the entire lifecycle —from material sourcing and 
manufacturing to deployment, usage, and end-of-life processes. From a business model perspective, 
integrating environmental sustainability into 6G value creation enhances both societal relevance and 
economic resilience. Sustainable business models ensure that they not only deliver competitive 
advantage but also generate inclusive opportunities while operating within ecological limits.  

Table 6 proposes a structured framework for guidelines for environmental sustainability in 6G 
businesses, building on the main sustainability themes identified in (Hexa-X-II, 2023), including 
actionable recommendations, assessable indicators, and alignment with key regulatory and reporting 
standards—CSRD (Directive (EU) 2022/2464). 

Table 7: Framework for Guidelines for Environmental Sustainability 

Theme Recommendation  Indicator CSRD Provisions 

Holistic footprint 
approach 

Reduce greenhouse gas 
emissions across the 
lifecycle of 6G 

✓ gCO₂e per GB; 
✓ Carbon intensity 

per user; 

CSRD: art 29b, 
para 2. a), scope 
1, 2 and, where 
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infrastructure and 
services. 

✓ Net-zero 
alignment. 

relevant,  3- GHG 
reporting.  

Alternative 
materials 

Use eco-friendly materials 
and prioritize durability to 
extend device lifespans. 

✓ Repairability score 
✓ Material 

sustainability index 
✓ Device longevity 

CSRD: art 29b, 
para 2. a) GHG 
reporting; 
Resource use & 
pollution 
prevention.  

Modular and 
durable 
equipment 

Promote equipment 
designed for longevity, 
repairability, and modular 
upgrades to reduce waste 
and resource use.  

✓ Equipment 
lifespan; 

✓ Repairability index; 
✓ Upgrade 

modularity score. 

CSRD: art 29b, 
para 2. a) Circular 
economy 
disclosures. 

Energy Efficiency  

Minimize energy 
consumption across 
radio, core, and edge 
networks through AI-
driven orchestration and 
optimized architectures. 

 

✓ Joules per bit 
✓ Energy per service 

unit; 
✓ Renewable energy 

share. 

CSRD: Energy 
consumption & 
efficiency metric.  

E-waste  

Establish responsible 
collection, recycling, and 
recovery systems for 
end-of-life devices and 
infrastructure.  

✓ E-waste recovery 
rate;  

✓ Recycling 
efficiency; 
Hazardous waste 
reduction index. 

CSRD: art 29b, 
para 2. a) 
Resource use & 
the circular 
economy. 

Circularity 
practices 

Design hardware and 
infrastructure for 
recyclability, modularity, 
and reduced dependency 
on scarce resources. 

✓ Recyclability index; 
✓ Material footprint; 
✓ Lifecycle emissions. 

CSRD: art 29b, 
para 2. a) 
Resource use & 
the circular 
economy.  

In the context of 6G with ISAC, these guidelines for environmental sustainability translate into the 
following: 

• Reduce greenhouse gas emissions across the lifecycle of ISAC infrastructure (base stations, 
satellites, devices) and services. 

• Minimize energy consumption in ISAC systems by optimizing orchestration of communication 
and sensing functions and deploying energy-aware algorithms. 

• Promote ISAC hardware designed for longevity, repairability, and modular upgrades to reduce 
waste and resource use. 

Design ISAC devices and infrastructure for recyclability, modularity, and reduced dependency on 
scarce materials. 

Establish responsible collection, recycling, and recovery systems for end-of-life ISAC devices and 
sensing equipment. 
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 Guidelines for Social Sustainability 

In 6G-MUSICAL social sustainability comprises main themes: digital inclusion and accessibility; trust, 
transparency, and resilience; social alignment and demographic adaptation, stakeholder engagement 
and cocreation, workforce, well-being and skill development, education and digital literacy. Building 
on the key drivers identified in previous chapters, the following guidelines reinforce the social 
sustainability pillar essential for 6G development. Table proposes a structured framework for social 

sustainability in 6G businesses, building on the main sustainability themes identified in (Hexa-X-II, 
2023), including actionable recommendations, assessable indicators, and alignment with key 
regulatory and reporting standards, CSRD (Directive (EU) 2022/2464). 

Table 8: Framework for Guidelines for Social Sustainability 

Themes Recommendations Indicators CSRD Provisions 

Digital 
Inclusion and 
Accessibility 

Ensure equitable 
access across diverse 
user groups, including 
marginalized 
communities, rural 
areas, and persons 
with disabilities. 

✓ Coverage parity 
(urban vs rural) 
Affordability index 

✓ Accessibility 
features adoption. 

CSRD: art 29b, para 2. b) 
Equal treatment and 
opportunities.  

Trust, 
Transparency, 
and Resilience 

 

Embed privacy, 
security, and 
resilience into system 
design to build user 
trust. 

Support communities 
in adapting to crises 
(pandemics, climate 
shocks, conflicts). 

✓ Security incident 
rate;  

✓ Privacy-preserving 
processing; 

✓ Resilience uptime; 

✓ Crisis 
communication 
uptime; 

✓ Community 
resilience index. 

CSRD: art 29b, para 2. b) 
respect for human rights 
GRI 418: Customer 
privacy.  

Social 
Alignment 
and 
Demographic 
Adaptation 

 

Align 6G applications 
with UN SDGs to 
maximize societal 
benefits. 

✓ Community 
benefit indicators 

✓ Social Return of 
Investment (ROI). 

CSRD: art 29b, para 2. b) 
Equal treatment and 
opportunitie.;  

Stakeholder 
Engagement 
and Co-

Involve diverse 
stakeholders in 6G 
design, deployment, 
and governance to 

✓ Stakeholder 
participation rate; 

✓ Co-creation index; 

CSRD: art 29b, para 2. b) 
Stakeholder involvement.  
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In the context of 6G with ISAC, these guidelines for social sustainability translate into the following: 

• Embed privacy, security, and resilience into ISAC system design to strengthen user trust, while 
supporting communities in adapting to crises such as pandemics, climate shocks, or conflicts. 

• Align ISAC applications with UN SDGs to maximize societal benefits, ensuring sensing and 
communication capabilities contribute to community well-being. 

Involve diverse stakeholders in the design, deployment, and governance of ISAC systems to ensure 
relevance, legitimacy, and inclusivity. 

 Guidelines for Economic Sustainability 

The economic sustainability of 6G businesses requires embedding resilience, inclusivity, and 
regulatory alignment into their core strategies. The themes outlined below highlight how 6G can 
generate value beyond individual users by fostering community benefits, rethinking business models 
around sustainability, and encouraging open and collaborative ecosystems. They emphasize the 
importance of integrating environmental, social, and economic trade-offs to secure long-term 
competitive advantage, while also ensuring monetization in diverse and challenging contexts. Finally, 
risk preparedness and resilience are essential to safeguard stakeholders in rapidly evolving operational 
environments.  

The table 8 proposes a structured framework for social sustainability in 6G businesses, building on the 
main sustainability themes identified in (Hexa-X-II, 2023), including actionable recommendations, 
assessable indicators, and alignment with key regulatory and reporting standards—CSRD (Directive 
(EU) 2022/2464). 

Table 9: Framework for Guidelines for Economic Sustainability 

Themes  Recommendations Indicators CSRD Provisions 

Value-based 6G 
design 

Ensure solutions 
generate value 
beyond 
users/buyers, 
supporting 

✓ Community benefit 
index; 

✓ Stakeholder 
participation rate. 

CSRD: Art. 29 a),  
actions and related 
financial and 
investment plans, to 
ensure that its 

Creation ensure relevance and 
legitimacy. 

✓ Inclusivity score. 

Workforce 
Well-being 
and Skills 
Development 

Promote fair labor 
practices, mental 
health, and 
continuous learning 
for employees in the 
6G ecosystem. 

✓ Employee 
satisfaction index; 

✓ Training hours per 
employee; 

✓ Diversity ratio. 

CSRD: art 29b, para 2. b);  
working conditions, 
including secure 
employment, working 
time, adequate wages, 
social dialogue. 

Education and 
Digital 
Literacy 

Support digital literacy 
and education 
initiatives to empower 
users and reduce 
exclusion. 

✓ Digital literacy 
index;  

✓ Outreach program 
count;  

✓ Educational access 
score. 

CSRD: art 29b, para 2. b);  
training and skills 
development. 
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inclusive and 
human-cantered 
futures. 

business model and 
strategy are 
compatible with the 
transition to a 
sustainable economy 
and with the limiting 
of global warming. 

Sustainable 6G 
business model 
innovation: 

Embed 
sustainability as a 
source of 
economic value, 
rethinking models 
around long-term 
resilience. 

✓ Share of revenue 
from sustainability-
aligned services; 

✓ ESG compliance 
score. 

CSRD: Art. 29 a),  
Business model & 
strategy disclosures; 
The opportunities 
for the group related 
to sustainability 
matters. 

Open value 
configurations via 
6G 

Encourage 
innovation via 
sharing economy 
models and 
collaborative 
ecosystems, while 
ensuring security. 

✓ Number of 
collaborative 
partnerships;  

✓ Open innovation 
adoption rate. 

CSRD: Art. 29 a),  
Business model & 
strategy disclosures. 

Sustainable 
competitive 
advantage via 
correlated/holistic 
sustainability 
perspective in 6G:  

Integrate 
environmental, 
social, and 
economic 
trade-offs 
holistically to build 
long-term market 
relevance. 

✓ Sustainability 
maturity index; 

✓ Market resilience 
score. 

CSRD: Art. 29 a),   
Business model & 
strategy disclosures.  

Monetizing with 
6G in a 
challenging 
business 
environment 

Develop flexible 
business models 
that adapt to 
varying user 
densities, energy 
demands, and 
sustainability 
requirements. 

✓ Return of 
investment (ROI) 
across deployment 
contexts;  

✓ Cost-efficiency ratio 

CSRD: Art. 29 a),  
Financial & 
non-financial 
performance. 

Risk mitigation in 
6G businesses  

Prepare for 
environmental, 
social, and 
business risks in 
evolving 
operational 
environments. 

✓ Risk preparedness 
index;  

✓ Resilience 
performance score. 

CSRD: Art. 29 a),   
Risk management & 
resilience reporting. 

In the context of ISAC, these guidelines for economic sustainability translate into the following: 
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• Ensure ISAC solutions generate value beyond immediate users, supporting inclusive and 
human-centred futures through enhanced situational awareness and societal. 

• Embed sustainability as a source of economic value in ISAC, rethinking models around 
long-term resilience and responsible sensing-communication integration. 

• Encourage innovation through collaborative ecosystems and shared sensing-communication 
infrastructures, while ensuring data security and trust. 

• Develop flexible ISAC business models that adapt to varying user densities, energy demands, 
and sustainability requirements across sectors. 

• Prepare for environmental, social, and operational risks in evolving contexts by embedding 
resilience into ISAC design and governance. 
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9 Conclusions  

This deliverable 2.3 has highlighted that sustainability must be positioned as a central pillar in the 
evolution of 6G with ISAC. By embedding environmental, social, and economic sustainability pillars 
into technological development and business model design, 6G can move beyond being a mere 
enabler of connectivity to becoming a driver of sustainable transformation. 

The deliverable highlights a new sustainability approach aligned with EU mandatory regulatory 
requirements, including CSRD and voluntary regulatory assessments. These sustainability approaches 
ensure that sustainability is not treated as an afterthought but as a guiding principle shaping value 
creation, delivery, and capturing mechanisms. 

The business model approach underscores the opportunities for 6G, with ISAC businesses, while 
emphasizing that future businesses must incorporate sustainability into their foundations. This 
integrated perspective links sustainability assessment with strategic management actions, offering 
actionable guidance for stakeholders and ensuring that 6G development aligns with regulatory 
expectations and societal needs. 

Finally, the 6G-MUSICAL Deliverable 2.3 proposes preliminary sustainability guidelines in 6G. By 
embedding sustainability pillars into 6G, with ISAC businesses, these preliminary guidelines provide a 
foundation following the identified sustainability themes for advancing toward a coherent, sustainable 
framework for 6G businesses, ensuring that innovation and sustainability evolve hand in hand main 
findings and next steps for the final project year. 
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