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1. Introduction 

As digital technologies continue to evolve, last-mile connectivity and edge computing are playing a vital role in 

sustainable development, particularly in rural and remote areas. These innovations enable real-time data 

processing, reduce latency, and improve efficiency across sectors such as agriculture, forestry, and healthcare. 

However, disparities in digital infrastructure create challenges that can limit accessibility, economic 

opportunities, and resource optimization, raising concerns about environmental sustainability, social equity, and 

economic feasibility. 

In this technical paper, we provide examples of how digital infrastructure contributes to change and impacts 

sustainable development, with a particular focus on its environmental, social, and economic implications. While 

these technologies offer significant benefits, they also present challenges related to energy consumption, digital 

inclusion, and long-term financial sustainability. Understanding these impacts is essential for ensuring equitable 

and responsible deployment. 

By examining real-world applications, this paper explores both the opportunities and challenges associated with 

last-mile connectivity and edge computing. The analysis provides insights into how these technologies can 

support sustainability while addressing critical barriers to their implementation.  

2. Technological innovations driving change 

The impact of last-mile connectivity and edge computing depends on continuous advancements in digital 

technologies. Several key innovations enhance their effectiveness by improving connectivity, data processing, 

and automation, ensuring that these technologies can be efficiently deployed across various sectors. 

• 5G and LoRaWAN networks: 5G enables real-time, high-bandwidth applications, while LoRaWAN 

provides cost-effective, long-range connectivity for remote monitoring of agriculture and forestry 

(Grunwald et al., 2019). 

• AI-powered IoT devices: Smart sensors optimize water use, detect hazards, and enhance decision-

making through predictive analytics, reducing costs and improving sustainability (Kumar et al., 2024). 

• Autonomous UAVs and robotics: Unmanned aerial vehicles (UAVs) and robots enhance precision 

farming and forest surveillance, enabling real-time monitoring, precision spraying, and biodiversity 

assessments (Kumar et al., 2024). 

• Decentralized data processing: Decentralized processing reduces cloud dependence, improves 

efficiency, and enables real-time responses for crop monitoring and pest detection (Zhang et al., 2020). 

3. The Role of last-mile connectivity and edge computing 

Last-mile connectivity refers to the final segment of a telecommunications network that connects end users, 

particularly in areas with limited broadband access (Kanuri et al., 2019). Edge computing complements this by 

decentralizing data processing, allowing computations to occur closer to the data source rather than relying on 

centralized cloud servers (Ergen et al., 2024). This approach enhances real-time decision-making, reduces 

bandwidth demands, and lowers energy consumption by minimizing reliance on large-scale data centers. 

In agriculture, drones equipped with advanced sensors and AI-driven vision systems can analyze crop health 

directly in the field, enabling immediate interventions without cloud-based processing. These autonomous 

systems, integrated with machine learning algorithms, optimize precision agriculture by improving pesticide 
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application, detecting plant stress in real-time, adjusting irrigation strategies, increasing crop yields and resource 

efficiency (Padhiary et al., 2024). By reducing resource waste, these technologies contribute to environmental 

conservation while enhancing productivity. 

In forestry, drones with thermal and multispectral sensors enhance early fire detection and real-time monitoring. 

High-resolution imaging and onboard AI-driven algorithms help identify heat anomalies, track fire progression, 

and provide continuous situational awareness for firefighting teams. By enabling proactive management, these 

UAVs help mitigate environmental and economic losses (Akhloufi et al., 2021). 

In healthcare, last-mile connectivity enables telemedicine, supporting real-time patient monitoring and remote 

consultations, particularly in underserved regions. IoT technologies allow healthcare providers to track vital 

signs, optimize treatment plans, and improve accessibility. These advancements enhance patient outcomes 

while reducing operational costs (Li et al., 2024). 

While these technologies offer significant environmental, social, and economic benefits, they also introduce 

challenges related to sustainability and equitable deployment. Addressing these concerns is crucial to maximizing 

their long-term impact. 

4. Environmental, social, and economic impacts and challenges 

4.1  Environmental impacts 

Last-mile connectivity and edge computing enhance sustainability by optimizing resource use, reducing 

emissions, and improving conservation efforts (Alsharif et al., 2024). IoT-driven precision agriculture enhances 

water and fertilizer efficiency by providing real-time data on soil conditions, allowing farmers to reduce resource 

waste while maintaining soil health (Kumar et al., 2024). Additionally, these technologies aid in forest 

conservation by enabling real-time monitoring of deforestation risks, illegal logging, and wildfires, improving 

land-use planning and emergency response (Singh et al., 2022). 

However, the expansion of IoT infrastructure also presents environmental challenges. The increasing number of 

edge devices contributes to electronic waste, underscoring the need for robust recycling and circular economy 

strategies (Kumar et al., 2024). While reducing reliance on cloud computing lowers overall energy consumption, 

edge devices still require power, making renewable energy integration crucial for long-term sustainability. 

Additionally, the installation of network infrastructure, sensors, and monitoring stations may disrupt ecosystems, 

potentially impacting biodiversity, particularly pollinators and migratory species. 

To ensure these technologies remain an asset rather than a burden, sustainable deployment strategies must be 

prioritized. Energy-efficient hardware, environmentally responsible infrastructure planning, and proactive 

impact assessments are essential to balancing technological advancement with ecological preservation. 

4.2  Social impacts 

Edge technologies in agriculture, forestry, and e-health can improve working conditions by reducing manual labor 

and enhancing safety through remote monitoring and automation. In agriculture and forestry, these innovations 

lower exposure to hazardous environments, while in e-health, technologies like telemedicine and smart home 

systems make healthcare more accessible and personalized, particularly for elderly populations (Biancone et al., 

2021; Guzhva et al., 2021). However, automation may increase cognitive demands and require continuous 

upskilling (van der Burg et al., 2019). This shift could exacerbate digital literacy gaps and socio-economic 

inequalities, particularly between small and large farms (Neethirajan, 2023; Yaqot & Menezes, 2022).  
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For society, these technologies create new job opportunities but may also displace traditional roles, deepening 

inequalities (McGrath, 2023). In animal welfare, technologies improve health monitoring but reduce human-

animal interaction (Lovarelli et al., 2023; Neethirajan, 2023). Community engagement is essential to ensure these 

technologies are adopted responsibly, with transparent governance and stakeholder involvement, fostering trust 

and minimizing negative social impacts. Ensuring equitable access and responsible deployment is key to 

maximizing benefits. 

4.3  Economic impacts 

Automation and digital connectivity enhance efficiency, reduce operational costs, and improve market 

competitiveness by optimizing resource use. Precision in water and energy management lowers input costs, 

while automation significantly reduces labor demands, enabling more cost-effective and resilient operations. 

These benefits are particularly relevant in agriculture, where smart irrigation, sensor-driven monitoring, and 

automated decision-making contribute to long-term financial sustainability. 

However, the high initial investment costs for last-mile connectivity and edge computing pose a challenge, 

especially for small enterprises and farmers with limited capital (Walter et al., 2023). Beyond financial 

constraints, dependence on proprietary technology restricts local control, increasing reliance on external 

providers. Open-source alternatives, cooperative purchasing models, and public-private partnerships could 

enhance accessibility and affordability (Kiefer et al., 2024). Additionally, the shift toward automation alters 

workforce demands, making retraining and upskilling essential to prevent job displacement and ensure equitable 

economic transitions. 

To support widespread adoption, targeted financial mechanisms, including subsidies, grants, and low-interest 

loans, are necessary to offset upfront costs and de-risk investment in these technologies. Strategic policy 

interventions, alongside collaborative funding models, can facilitate inclusive digital transformation while 

maximizing economic resilience and sustainability. 

5. Conclusion 

Last-mile connectivity and edge computing are reshaping digital infrastructure, offering transformative benefits 

for resource management, operational efficiency, and sustainability. Their integration into agriculture, forestry, 

and healthcare enhances decision-making, reduces resource use, and improves resilience. However, challenges 

related to infrastructure accessibility, data security, and economic feasibility must be addressed to unlock their 

full potential. 

A collaborative approach, combining regulatory support, industry investment, and community engagement, will 

be essential to fostering digital sustainability. By prioritizing responsible deployment, equitable access, and long-

term environmental considerations, these technologies can serve as catalysts for sustainable development, 

ensuring that rural and remote communities benefit from digital innovation without exacerbating existing 

inequalities. 

6. Future directions and policy recommendations 

To maximize the benefits of last-mile connectivity and edge technologies while addressing their challenges, the 

following actions are recommended: 
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• Sustainable digital infrastructure: Expand high-speed internet access while integrating renewable 

energy to minimize the carbon footprint of digital expansion and ensure long-term sustainability. 

• Circular economy for E-waste management: Implement recycling and refurbishment programs to 

address hardware obsolescence, reduce electronic waste, and promote resource efficiency. 

• Data security and ethical AI governance: Establish regulatory frameworks to protect privacy, ensure 

transparency in AI-driven decision-making, and prevent data misuse in agriculture, healthcare, and 

environmental monitoring. 

• Bridging the digital divide: Develop education and training programs to improve digital literacy, enhance 

accessibility, and equip rural communities with the skills needed to leverage emerging technologies. 

• Financial incentives for sustainable adoption: Provide targeted subsidies, grants, and low-interest 

financing to support smallholder farmers and rural enterprises in integrating cost-effective digital 

solutions. 

• Workforce adaptation and job creation: Develop reskilling initiatives to support workers transitioning 

from traditional roles to technology-driven employment, ensuring that automation fosters economic 

inclusion rather than displacement. 

• Community engagement: Actively involve local stakeholders in decision-making, fostering trust, 

transparency, and ensuring that the needs and concerns of the community are addressed throughout 

the technology adoption process. 
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