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Abstract

Infrastructure sharing has emerged as a critical strategy for telecommunications operators to manage deployment
costs, accelerate network rollout, and optimize resource utilization in increasingly competitive markets. This study
provides a comprehensive analysis of telecommunications infrastructure sharing strategies, examining both passive
and active sharing models through empirical investigation and economic modeling. Using data from the Sudanese
telecommunications market and comparative analysis with international studies, we quantify the economic benefits of
different sharing arrangements and identify key implementation challenges. Our analysis reveals significant cost
reduction potential, with CAPEX savings ranging from 20-65% for different infrastructure components and OPEX
reductions of 25-60% across operational categories. The study distinguishes between passive infrastructure sharing
(towers, sites, power systems) and active sharing (base stations, network equipment), demonstrating that passive
sharing offers substantial benefits with lower implementation complexity. Through detailed case studies of successful
cooperation arrangements, including fiber optic network sharing that generated savings exceeding $14 million, we
illustrate the practical benefits and challenges of infrastructure sharing implementation. The research identifies cost
reduction, regulatory policies, and risk sharing as primary drivers of infrastructure sharing, while competitive
concerns, trust deficits, and technical complexity represent significant barriers. Our findings contribute to
understanding how infrastructure sharing can support telecommunications development, particularly in developing
markets where capital constraints and coverage challenges are most acute. The study provides actionable
recommendations for operators, regulators, and policymakers seeking to optimize infrastructure sharing policies while
maintaining competitive market dynamics.

Keywords: Telecommunications Infrastructure; Passive Sharing; Active Sharing; Cost Optimization; Network
Deployment; CAPEX Reduction; Developing Markets; Fiber Optic Networks; Tower Sharing

1. Introduction

The telecommunications industry faces unprecedented infrastructure investment challenges as networks evolve
toward more advanced technologies requiring substantial capital deployment. The transition from 3G to 4G networks,
and now toward 5G deployment, has created enormous financial pressures on operators who must invest billions of
dollars in network infrastructure while maintaining competitive service quality and pricing [1,2]. These capital
requirements have intensified interest in infrastructure sharing as a mechanism to reduce deployment costs, accelerate
network rollout, and optimize resource utilization across the industry.

Infrastructure sharing in telecommunications encompasses various forms of cooperation, from basic site sharing
arrangements to comprehensive network mutualization strategies. The concept has evolved from simple tower sharing
agreements to sophisticated arrangements involving fiber optic networks, data centers, and even core network
elements [3,4]. The economic rationale for such arrangements is compelling: telecommunications networks exhibit
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significant economies of scale and scope, while many infrastructure elements can be shared without compromising
service differentiation or competitive advantage [5,6].

The distinction between passive and active infrastructure sharing is fundamental to understanding implementation
strategies and economic impacts. Passive sharing involves physical infrastructure elements such as towers, sites, power
systems, and fiber ducts, while active sharing encompasses network equipment including base stations, antennas, and
transmission systems [7,8]. Each approach presents different technical challenges, regulatory considerations, and
competitive implications that must be carefully evaluated in implementation decisions.

2. Literature review

2.1. Economic Theory of Infrastructure Sharing

The economic theory of infrastructure sharing draws from network economics and industrial organization literature.
Cave and Doyle [7] established foundational principles for access pricing in network industries, while more recent work
has extended these concepts to telecommunications infrastructure sharing arrangements [9,10]. The theoretical
frameworks emphasize the role of economies of scale, network externalities, and competitive dynamics in determining
optimal sharing strategies.

Infrastructure sharing can generate value through multiple mechanisms: direct cost reduction through shared capital
investment, operational efficiency gains through consolidated maintenance and management, and strategic benefits
through accelerated deployment and enhanced coverage [11]. However, these benefits must be balanced against
potential costs including coordination complexity, competitive information leakage, and reduced strategic flexibility
[12].

2.2. Empirical Evidence on Sharing Benefits

Empirical studies of infrastructure sharing have consistently demonstrated significant economic benefits across
different market contexts. Andrews et al. [9] quantified sharing benefits across multiple network technologies, finding
CAPEX reductions of 20-50% depending on sharing scope and implementation approach. Similar results have been
reported in developing market studies, where infrastructure sharing can provide essential pathways to network
modernization under capital constraints [3].

The distinction between passive and active sharing is crucial in empirical analysis. Passive sharing typically offers lower
implementation complexity and regulatory risk while still providing substantial cost benefits. Active sharing can
generate greater savings but involves more complex technical integration and competitive considerations [4].

3. Methodology

3.1. Research Design and Data Collection

This study employs a mixed-methods approach combining quantitative economic analysis with qualitative case study
investigation. Primary data collection involved structured interviews with telecommunications industry executives,
regulatory officials, and technical experts. Sur- vey instruments captured detailed information about sharing
arrangements, cost structures, and implementation challenges.

Secondary data sources included operator financial reports, regulatory filings, and industry benchmarking studies.
Network deployment cost models were calibrated using detailed infrastructure component costs, labor rates, and
operational parameters specific to the study market context.

3.2. Economic Analysis Framework

The economic analysis frameworks distinguish between different types of infrastructure sharing and their associated
cost impacts. CAPEX analysis examines capital expenditure reductions across major infrastructure categories including
civil works, power systems, transmission equipment, and network hardware. OPEX analysis evaluates operational cost
savings in areas such as maintenance, security, energy, and administrative overhead.
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Cost modeling incorporates both direct sharing benefits and indirect effects such as deployment acceleration and
improved operational efficiency. Sensitivity analysis examines outcome robustness across different sharing scenarios,
market conditions, and regulatory frameworks.

4, Results

4.1. Comprehensive Infrastructure Sharing benefits

Our analysis reveals substantial economic benefits from telecommunications infrastructure sharing across all major
categories. Table 1 presents a comprehensive summary of potential savings by sharing type and benefit category.

Table 1 Infrastructure Sharing benefits Summary (Based on Industry Analysis and Case Studies)

Sharing Type CAPEX OPEX Savings | Deployment Time | Coverage
Savings (%) | (%) Reduction (%) Improvement (%)

Site Sharing 40-50 25-35 60-70 30-40
Mast/Tower Sharing | 35-45 20-30 50-60 25-35

Fiber Sharing 50-60 30-40 70-80 40-50

Power Infrastructure 30-40 35-45 40-50 20-30

Transmission 45-55 25-35 55-65 35-45

Equipment

Overall Average 40-50 27-37 55-65 30-40

The analysis demonstrates that fiber sharing offers the highest overall benefit potential, with CAPEX savings of 50-60%
and OPEX reductions of 30-40%. Site sharing and transmission equipment sharing also provide substantial benefits,
while power infrastructure sharing offers particularly strong OPEX advantages due to consolidated energy management
and maintenance efficiencies.

4.2. CAPEX and OPEX Analysis

Detailed analysis of capital and operational expenditure impacts reveals the specific mechanisms through which
infrastructure sharing generates economic value. Figure 1 illustrates CAPEX savings potential across major
infrastructure components.
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CAPEX Savings by Infrastructure Component Through Cooperation
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Figure 1 CAPEX Savings by Infrastructure Component

Civil work represents the largest CAPEX saving opportunity at 52%, reflecting the substantial duplication costs
associated with independent site development. Generator and power infrastructure also offer significant savings
potential at 40% and 35% respectively, while base station equipment provides 30% CAPEX reduction through shared
deployment costs.

Figure 2 demonstrates operational cost reduction opportunities across different operational categories.

OPEX Savings by Cost Category Through Infrastructure Sharing
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Figure 2 OPEX Savings by Operational Category
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Maintenance costs show the highest OPEX reduction potential at 60%, followed by security services at 45% and energy
costs at 40%. These savings reflect the efficiency gains from consolidated operations and the elimination of duplicate
service arrangements.

4.3. Current vs Potential Cooperation Levels

Analysis of current versus potential cooperation levels reveals substantial opportunities for expanded infrastructure
sharing. Figure 3 presents this comparison across different infrastructure categories.
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Figure 3 Current vs Potential Cooperation Levels by Infrastructure Type

The analysis reveals significant gaps between current cooperation levels and theoretical potential across all
infrastructure categories. Fiber infrastructure shows the largest opportunity gap, with current cooperation at only 25%
compared to potential levels of 85%. Site sharing currently achieves 35% penetration but could reach 80% under
favorable conditions.

4.4. Case Study Analysis

Real-world implementation examples provide empirical validation of infrastructure sharing benefits. Figure 4 presents
financial impact analysis from major cooperation arrangements in the study market.
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Financial Impact of Infrastructure Sharing Partnerships in Sudan
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Figure 4 Case Study Financial Impact Analysis

The Zain-Canar fiber sharing arrangement achieved annual savings of $2.5 million through consolidated network
deployment and operations. The MTN-SETCO infrastructure cooperation generated $1.8 million in annual cost
reductions through shared power systems and maintenance arrangements. These empirical results validate theoretical
predictions and demonstrate practical implementation feasibility.

4.5. Implementation Drivers and Barriers

Stakeholder analysis identified key factors influencing infrastructure sharing implementation decisions. Figure 5
presents the relative importance of drivers and barriers as assessed by industry participants.
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Figure 5 Infrastructure Sharing Drivers and Barriers Analysis

Cost reduction emerges as the primary driver with universal recognition among respondents. Quality of service
enhancement and faster deployment also achieve 100% identification as key motivating factors. Primary barriers
include concerns about long-term competitive disadvantage (62.5%) and challenges of cooperating with direct
competitors (60%). Regulatory gaps and technical complexity also represent significant implementation challenges.

4.6. Deployment and Operational benefits

Beyond direct cost savings, infrastructure sharing provides substantial benefits for network deployment efficiency and
operational performance. Figure 6 quantifies these additional advantages.
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Network Deployment Benefits from Cooperation
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Figure 6 Network Deployment benefits from Infrastructure Sharing

Quality of service enhancement shows the highest improvement potential at 85%, reflecting the benefits of enhanced
network coverage and reduced interference. Network coverage improvement reaches 80% through more efficient site
utilization and coordinated deployment strategies. Site acquisition time reduction achieves 75% improvement by
leveraging existing site arrangements and shared permitting processes.

5. Discussion

5.1. Economic Impact Analysis

The economic analysis demonstrates that infrastructure sharing can provide substantial financial benefits for
telecommunications operators while supporting broader industry development goals. The CAPEX savings of 30-60%
across different infrastructure categories represent significant value creation opportunities, particularly important in
capital-constrained developing markets.

The distinction between passive and active sharing is crucial for implementation strategies. Passive sharing offers
substantial benefits with lower technical complexity and regulatory risk, making it an attractive starting point for
operators new to cooperation arrangements. Active sharing can generate greater savings but requires more
sophisticated coordination mechanisms and careful attention to competitive dynamics.

5.2. Implementation Strategy Implications

Successful infrastructure sharing implementation requires careful attention to several key fac- tors. Technical
standardization and interoperability are essential for active sharing arrangements, while passive sharing requires
effective site management and access coordination protocols. Regulatory frameworkss must balance cooperation
encouragement with competition preservation, ensuring that sharing arrangements enhance rather than undermine
market dynamics.

The case study analysis demonstrates that successful implementations typically begin with limited scope arrangements
that build trust and operational experience before expanding to more comprehensive cooperation. This phased
approach allows operators to realize immediate benefits while developing the capabilities needed for more advanced
sharing arrangements.
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5.3. Policy and Regulatory Considerations

The findings have important implications for telecommunications policy and regulation. Regulators can play a crucial
role in facilitating infrastructure sharing by establishing clear frameworks, addressing competitive concerns, and
providing appropriate incentives. However, regulatory intervention must be carefully calibrated to avoid distorting
market incentives or creating unintended competitive disadvantages.

Specific policy recommendations include: (1) development of standardized sharing agreements and technical
specifications, (2) establishment of dispute resolution mechanisms for sharing arrangements, (3) creation of regulatory
sandboxes for testing innovative sharing models, and (4) implementation of infrastructure sharing obligations for new
network deployments in underserved areas.

6. Conclusion

This study demonstrates that telecommunications infrastructure sharing can provide substantial economic benefits
while supporting network development and competitive market dynamics. The empirical analysis reveals CAPEX
savings of 30-60% and OPEX reductions of 25-45% across different sharing arrangements, with particularly strong
benefits from fiber infrastructure and passive sharing arrangements.

The findings contribute to both theoretical understanding and practical implementation of infrastructure sharing
strategies. The economic analysis provides quantitative evidence of sharing benefits, while the case studies demonstrate
real-world implementation feasibility and challenges. The distinction between passive and active sharing offers
important insights for implementation strategy and regulatory policy.

The implications for developing markets are particularly significant, as infrastructure sharing can provide essential
pathways to network modernization and expansion where individual operator resources are constrained. The study
results suggest that appropriate regulatory frameworks and industry cooperation can unlock substantial value while
maintaining competitive market dynamics.

Future research should examine the implications of emerging technologies such as 5G networks and network function
virtualization for infrastructure sharing opportunities. Additionally, longitudinal studies of sharing arrangement
outcomes would provide valuable insights into the evolution and long-term sustainability of different sharing models.

The study provides actionable recommendations for operators, regulators, and policy makers seeking to optimize
infrastructure sharing benefits while preserving competitive market dynamics. As telecommunications networks
continue to evolve toward more advanced technologies requiring substantial capital investment, infrastructure sharing
will likely become an increasingly important strategy for industry development and competition.

Compliance with ethical standards

Acknowledgments

The authors acknowledge the support of telecommunications operators and industry experts who provided valuable
data and insights for this research. We thank the regulatory authorities and government officials who facilitated access
to market information and policy perspectives. Special recognition goes to the technical teams who supported the site
surveys and network analysis components of this study.

Disclosure of conflict of interest

The author declares that there is no conflict of interest regarding the publication of this paper.

References

[1] Kumar, S. K. A, and Oughton, E. ]. (2023). Techno-economic assessment of 5G infrastructure sharing business
models in rural areas. Frontiers in Computer Science, 5, 1191853.

[2]  Adriansyah, N. M. (2023). Techno-Economics Analysis Of RAN-Spectrum Sharing Scheme Use Sensitivity Analysis
Method. In Proceedings of the International Conference on Computer Science, Information Technology and
Electrical Engineering (p. 245-250).

1131



[5]

[6]

[10]

[11]

[12]

[13]

[14]
[15]
[16]

[17]

[18]
[19]
[20]

[21]

International Journal of Science and Research Archive, 2025, 17(01), 1123-1132

Kitindj, E. ]., Mangare, C. F., and Kabir, A. (2020). Infrastructure sharing for cellular networks in Tanzania: a cost
reduction analysis with game approach. International Journal of Information Communication Technologies and
Human Development, 12(1), 1-20.

Houngbonon, G. V., Ivaldi, M., Palikot, E., and Strusani, D. (2021). The Impact of Shared Telecom Infrastructure on
Digital Connectivity and Inclusion. Social Science Research Network Working Paper.

Antonis, K., Bouras, C., Diles, G., Kokkinos, V., and Loukopoulos, L. (2015). A novel tool for cost-efficient broadband

development through infrastructure sharing. In International Symposium on Computers and Communications
(pp. 540-545).

Garcia, ].M. (2016). World development report 2016: digital dividends - the economics and policy implications of
infrastructure sharing and mutualization in Africa. World Bank Group.

Cave, M., and Doyle, C. (1994). Access pricing in network industries. Industrial and Corporate Change, 3(3), 643-
670.

Schoentgen, A. (2012). Network sharing: a hot topic for operators and regulators in sub-Saharan Africa. Research
Papers in Economics, HAL Archives.

Andrews, M., Bradonjic, M., and Saniee, I. (2017). Quantifying the benefits of Infrastructure Sharing. arXiv
preprint arXiv:1706.05735.

Bader, R. (2022). Co-Investment in the Sharing of Telecommunications Infrastructures. Theoretical Economics
Letters, 12(5), 1234-1250.

Pereira, ].P., and Lopes, I. M. (2017). Next Generation Access networks: Infrastructure Sharing. In World
Conference on Information Systems and Technologies (pp. 242-251).

TechRxiv. (2023). Techno-economics of Fiber vs. Microwave for Mobile Transport Network Deployments.
TechRxiv Preprint, Doi: 10.36227 /techrxiv.21725186.v3.

Central Bank of Sudan. (2015). Annual Report on Telecommunications Sector Investment and Foreign Exchange
Utilization.

Sudan Telecommunications Regulatory Authority. (2014). Market Structure and Com- petition Analysis Report.
Author's field research and interviews with telecommunications industry executives (2014-2015).

Network deployment cost analysis based on Sudan telecommunications market data and international
benchmarking studies.

SETCO (Sudan Telecommunications Company). (2014). Annual Report on Network Infrastructure and
Investment.

Zain Sudan. (2014). Corporate Annual Report and Network Development Statistics.
MTN Sudan. (2014). Annual Financial Report and Network Investment Analysis.

International Telecommunication Union. (2015). Telecommunications Infrastructure Sharing Guidelines and
Best Practices.

Abdalla, M. A. A. (2016). Cooperation Strategies for Competitors in Telecommunication Market (Doctoral
dissertation, National Ribat University).

1132



