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ABSTRACT

Both economic competitiveness and national security
depend on the robustness and sustainability of the
telecommunications infrastructure. Regulations like
the National Environmental Policy Act (NEPA) and
the National Historic Preservation Act (NHPA),
which frequently call for thorough environmental and
historic reviews, cause delays in the upgrade of aging
telecom towers for 5G networks. This results in
longer timelines and higher costs for operators. By
lowering deployment times and environmental
impact, Class IV rigging—a crane-free retrofitting
technique outlined in TIA-222-H standards—
simplifies upgrades (FCC, 2018; TIA, 2018). This
novel method qualifies for categorical exclusions
under federal regulations and reduces community
opposition by retrofitting existing structures using
rope access systems, pulleys, and modular
components without the need for heavy machinery.
This study explores how Class IV rigging reduces
carbon emissions by roughly 60% when compared to
crane-based methods by avoiding material waste and
diesel fuel consumption (EPA, 2020), enhances safety
by adhering to OSHA standards, and facilitates quick
5G deployment for secure communications that are
crucial for emergency and military operations (CTIA,
2022). We highlight inter-agency coordination issues,
like overlapping jurisdictional requirements, and
offer specific policy recommendations to maximize
Class IV rigging for wider adoption in sustainable
telecom development, ultimately promoting a more
robust and effective national infrastructure, through
a thorough examination of regulatory frameworks,
engineering practices, sustainability metrics, and
real-world case studies.

Keywords: Class 1V rigging, 5G deployment,
telecommunications  infrastructure, sustainability,
carbon  emissions, national  security, NEPA
compliance, OSHA safety standards, crane-free
retrofitting, TIA-222-H, supply chain resilience,
emergency communications

1. INTRODUCTION

In order to support vital operations like emergency
response, military communications, and broadband

connectivity, telecommunications infrastructure is
essential to public safety, economic development, and
national security (NTIA, 2023). In order to implement
5G networks, which provide improved speed, capacity,
and low-latency communication, existing telecom tower
s must be quickly retrofitted to accept cutting-edge
antennas and equipment (CTIA, 2022a). However, the
National Historic Preservation Act (NHPA) and the
National Environmental Policy Act (NEPA) impose
regulatory requirements that cause significant delays.
According to CTIA (2022a), the annual compliance costs
for U.S. telecom operators are estimated to be $200
million because of the lengthy environmental and
historic preservation reviews. The prompt deployment of
5G infrastructure that is essential for the country's
interests is hampered by these regulations, which
frequently call for thorough assessments that can prolong
project timelines by 6 to 12 months (FCC, 2018).

By permitting low-impact upgrades to existing towers
without requiring lengthy regulatory reviews, Class 1V
rigging—a crane-free retrofitting technique as defined by
TIA-222-H standards—offers a solution (FCC, 2018;
TIA, 2018). Compared to conventional crane-based
methods, this approach minimizes ground disturbance
and community concerns by using modular components,
high-strength pulleys, and rope access systems for
equipment installation or replacement (OSHA, 2018a).
Class 1V rigging solves safety, cost, and sustainability
issues while expediting 5G deployments by adhering to
NEPA  categorical exclusions  and reducing
environmental impacts. Through an analysis of its
development (Section 2), sustainability advantages
(Section 3), safety improvements (Section 4), national
security  implications (Section 5), and policy
recommendations (Section 6), this paper offers a
thorough review of Class IV rigging's role in overcoming
these challenges. The study suggests methods for
maximizing telecom infrastructure modernization in
accordance with federal sustainability and security
objectives by referencing case studies, engineering
standards, and regulatory frameworks.

2. HISTORICAL CONTEXT AND EVOLUTION
OF CLASS IV RIGGING

The modernization of telecommunications infrastructure
is critical for enabling 5G networks, which demand
enhanced capacity and reliability. But in order to strike a
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balance between economic efficiency, environmental
sustainability, and regulatory compliance, past and
present difficulties have called for creative solutions like
Class IV rigging. This section examines the historical
obstacles to the development of telecom infrastructure,
the development of Class 1V rigging as a remedy, and the
implications for the economy, the environment, and the
future that are backed by industry developments and
regulatory frameworks.

2.1 Historical Challenges in Telecom Infrastructure
Development

Regulatory, environmental, and social obstacles have
long hampered the development of telecommunications
infrastructure,  delaying  timely  upgrades and
deployments. Due to multi-agency coordination between
federal, state, and local entities, the National
Environmental Policy Act (NEPA) and the National
Historic Preservation Act (NHPA) require environmental
impact statements and historic site assessments, which
frequently cause tower projects to be delayed by six to
twelve months (FCC, 2018).

Overlapping jurisdictions cause delays in these reviews,
which evaluate possible effects on ecosystems, wildlife,
and  cultural resources. Even  though  the
Telecommunications Act of 1996 limits local zoning
authority to lessen such resistance, local opposition
motivated by aesthetic concerns (such as tower visibility
in scenic areas) and perceived health risks from
electromagnetic radiation further complicates siting
(ACRP, 2020). Permitting timelines have historically
been prolonged by up to 30% due to community
pushback, especially in urban and historic districts where
aesthetic concerns are significant (NTIA, 2023b). In
order to overcome these obstacles, Class IV rigging
upgrades existing towers without increasing their
physical footprint. This prevents the need for lengthy
NEPA and NHPA reviews and lessens community
opposition by causing the least amount of environmental
and visual disturbance (NTIA, 2023b).

2.2 The Evolution of Class IV Rigging

According to TIA-222-H standards, class 1V rigging has
become a crane-free retrofit technique that simplifies
telecom tower upgrades while reducing negative effects
on the environment and the law (TIA, 2018). TIA-222-H
places more emphasis on advanced load calculations and
safety protocols for retrofitting than previous standards
like TIA-222-G, which concentrated on structural design
for new towers. Class 1V is the highest level of rigging
complexity, requiring skilled engineers and meticulous
procedures (TIA, 2018). By excluding changes that don't
change tower footprints or have a major environmental
impact, the FCC's 2018 Nationwide Programmatic
Agreement facilitates categorical exclusions for low-
impact retrofits, allowing for quicker 5G deployments

(FCC, 2018). Class IV efficiency has increased thanks to
developments in modular antenna designs and high-
strength  pulley systems, which enable accurate
equipment hoisting with a lower risk of structural
overload (CTIA, 2022a). For example, lightweight
modular antennas meet safety and sustainability
objectives by cutting installation times by 20-30% when
compared to conventional techniques (Nokia, 2021).
Class IV rigging is now positioned as a standard for
quick, legal upgrades, reflecting the industry's response
to the technical demands and supply chain limitations of
5G.

2.3 Economic Motivation

Because Class IV rigging eliminates the need for cranes,
which can cost $5,000 to $20,000 per day for tower
upgrades, and because it reduces the number of workers
from 5-6 for crane-based operations to 2-3 for rigging,
labor costs can be reduced by 40-65% (AGC, 2022;
OSHA, 2018a). In rural areas where land acquisition and
permitting are prohibitively expensive, retrofitting
existing towers is a cost-effective way to scale 5G
because it avoids the estimated $250,000 per tower that
would be required for new construction (CTIA, 2022a).
According to studies, quick retrofits can boost network
efficiency and decrease operational downtime by up to
30%, allowing operators to take advantage of 5G revenue
streams more quickly. Economically, Class IV rigging
improves return on investment by reducing deployment
timelines (Ericsson, 2022). Class IV rigging further
improves capital efficiency by lowering logistical costs
like fuel and transportation by eliminating the need to
mobilize heavy equipment (Deloitte, 2023).

2.4 Environmental Motivation

The expansion of 5G infrastructure generates significant
emissions through crane operations and material
production (Deloitte, 2023). Diesel-powered cranes emit
approximately 70-90 kg of CO: per hour, contributing to
site-specific pollution during upgrades (CARB, 2020).
Class IV rigging mitigates this by using manual hoists
and electric tools, reducing carbon emissions by
approximately 60% compared to crane-based methods
through the avoidance of fuel-intensive machinery and
minimized site traffic (EPA, 2020). Retrofitting existing
towers also avoids embodied emissions from new steel
production, estimated at 1.8 tons of COze per ton of steel,
aligning with federal net-zero goals under Executive
Order 14057 (White House, 2021). By preserving
existing structures, Class IV rigging reduces material
waste and land disturbance, supporting compliance with
environmental regulations and sustainability frameworks
(FCC, 2018). For example, retrofitting can decrease
construction-related emissions by up to 50% compared to
new builds, making it a critical strategy for sustainable
telecom development (Arup, 2023).
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2.5 Supply Chain Resilience

Global supply chain disruptions, including the COVID-
19 pandemic and geopolitical tensions, have significantly
impacted steel availability, with prices rising 20-30% in
2022-2023 and lead times for new tower fabrication
extending by up to 6 months (McKinsey, 2023;
McKinsey, 2022). These disruptions affected
approximately 60% of global supply chains, creating
bottlenecks for telecom operators reliant on new
materials (DOC, 2022). Class IV rigging enhances
resilience by focusing on retrofitting existing structures,
reducing dependency on imported steel and supporting
domestic sourcing under Buy America provisions (NTIA,
2022). By extending the lifecycle of existing towers, this
method mitigates logistical risks and aligns with federal
assessments prioritizing resilient supply chains for
critical infrastructure (DOC, 2022). For instance,
retrofitting has been shown to reduce material
procurement delays by 40%, enabling faster 5G rollouts
in constrained environments (CTIA, 2022a).

2.6 Future of Class IV Rigging

Class 1V rigging is poised to evolve with the demands of
ultra-reliable 5G networks, extending its application to
small cells and rooftop installations, which are critical
for urban densification and network scalability (TIA,
2018). The integration of artificial intelligence (Al) for
site assessments and digital twins will enhance precision
and safety by predicting load stresses and optimizing
retrofit plans in real-time, potentially reducing planning
errors by 25% (NTIA, 2023a; Ericsson, 2023).
Regulatory initiatives, such as NTIA’s 2023 5G
Challenge, prioritize low-impact methods, encouraging
the adoption of Class IV rigging through funding
incentives and streamlined permitting (NTIA, 2023c).
Furthermore, as environmental, social, and governance
(ESG) criteria gain prominence, Class IV’s low-emission
profile aligns with spectrum management policies and
federal sustainability goals (FCC, 2024). Emerging
technologies, such as loT-enabled sensors for real-time
structural monitoring, are expected to further enhance
Class 1V rigging’s efficiency, reducing maintenance costs
by up to 15% and improving long-term infrastructure
resilience (ITU, 2023).

3. SUSTAINABILITY BENEFITS

In order to reduce the environmental impact of
telecommunications infrastructure upgrades, the shift to
5G networks necessitates sustainable practices. As a
crane-free retrofit technique, Class 1V rigging has major
environmental benefits by lowering energy use,
construction waste, and carbon emissions while
complying with federal sustainability regulations.
Supported by empirical data and case studies, this section
explores the sustainability advantages of Class IV
rigging, emphasizing its capacity to reduce carbon

footprints, minimize waste, improve energy efficiency,
and adhere to regulatory frameworks.

3.1 Reduction in Carbon Footprint

A typical telecom tower generates about 4.4 tons of CO:
equivalent (tCO2eq) in embodied emissions, mostly from
steel production, making its construction and operation a
major contributor to carbon emissions (Ericsson, 2021).
This effect is made worse by traditional crane-based
upgrades because diesel cranes emit 70-90 kg of CO- per
hour of operation. A single tower retrofit typically
requires 10-20 hours of crane use, which adds up to
1,800 kg of CO:. emissions per site (CARB, 2021). By
using electric tools and manual hoists, Class 1V rigging
reduces operational emissions by about 60% when
compared to crane-based techniques (EPA, 2020).

Class 1V rigging reduces whole-life carbon emissions by
up to 50% by retrofitting existing towers rather than
constructing new ones. This avoids the embodied
emissions linked to new steel production, which are
estimated to be 1.8 tons of CO2z¢ per ton of steel (Arup,
2023). According to a case study of a 2022 retrofit
project in California, Class IV rigging lowered site-
specific emissions by 55% when compared to
conventional techniques, meeting Executive Order
14057's federal net-zero targets (White House, 2021).
Since the telecom industry contributes between 2 and 3%
of global carbon emissions, these cuts are essential to
achieving sustainability goals (Deloitte, 2023).

3.2 Minimization of Construction Waste

Through excavation, concrete pouring, and material
staging, telecom tower deployments produce a
significant amount of construction waste, and urban
projects contribute to high landfill volumes
(ScienceDirect, 2021a). For example, the construction of
new towers can generate up to 10 tons of waste per site,
which includes packaging materials and concrete debris
(Nature, 2024). Class IV rigging reduces construction
waste by 30-40% by limiting operations to existing
tower footprints, obviating the need for new access roads
or foundations (ScienceDirect, 2023a).

Because it reduces habitat impacts and land disturbance,
especially in ecologically sensitive areas, this strategy is
eligible for NEPA categorical exclusions (FCC, 2018).
Class IV rigging helped comply with environmental,
social, and governance (ESG) regulations that require
waste metrics tracking by preventing disturbances to
local wildlife habitats and reducing waste disposal costs
by 35%, according to a 2023 study of telecom retrofits in
the Midwest (ScienceDirect, 2023a). Class IV rigging
further improves its sustainability profile by promoting
circular economy principles through the reuse of existing
structures (RMI, 2023).
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3.3 Energy Efficiency

Heavy machinery like cranes, which use between 50 and
100 liters of diesel fuel per day on average, are the main
source of energy consumption in telecom upgrades.
Cranes emit about 2.67 kg of CO- per liter of diesel fuel
used (Cranes Today, 2020). By using electric and manual
hoists, which use 50% less energy than mechanical
cranes, and by streamlining workflows, Class 1V rigging
improves energy efficiency (NanteCrane, 2024). For
instance, a Class IV retrofit can minimize vehicle miles
for crew and equipment transport by completing
equipment installation in 1-2 days as opposed to 3-5 days
for crane-based methods (Deloitte, 2023). According to a
2022 deployment in Texas, Class IV rigging helped
achieve net-zero telecom targets specified in federal
sustainability frameworks by reducing overall energy
consumption by 45% per site (Arup, 2023). Energy
efficiency is further maximized by the use of hybrid
power tools, such as battery-operated hoists, especially in
remote locations with poor grid access (ITU, 2023).

3.4 Alignment with Federal Sustainability Policies
With a focus on lifecycle carbon reductions in
infrastructure projects, Executive Order 14057 requires
net-zero emissions for federal operations by 2050 (White
House, 2021). By reducing emissions and land
disturbance, Class IV rigging complies with this
regulation and is eligible for NEPA categorical
exclusions that expedite the permitting process (FCC,
2018). Class IV rigging's sustainability benefits increase
grant competitiveness by proving compliance with
environmental criteria, and the Broadband Equity,
Access, and Deployment (BEAD) program prioritizes
low-impact telecom solutions (NTIA, 2022). By
lowering dependency on carbon-intensive materials, it
also promotes supply chain stability and supports
national security objectives to protect vital infrastructure
from international disruptions (DNI, 2021). According to
a 2023 NTIA report, BEAD funding is in line with
federal policy because projects that use low-impact
techniques like Class IV rigging have a 20% higher
chance of receiving it (NTIA, 2023).

4. SAFETY CONSIDERATIONS

It is crucial to ensure worker safety when retrofitting
telecom towers, especially since 5G upgrades present
intricate operational and structural challenges. By
reducing the risks connected with heavy machinery,
guaranteeing adherence to industry standards, and
utilizing cutting-edge engineering techniques, Class 1V
rigging, a crane-free retrofitting technique, improves
safety. The structural difficulties of 5G retrofits, the
safety advantages of Class 1V rigging under OSHA rules,
and upcoming developments to further enhance safety
results are all covered in this section. These are backed
by industry standards and empirical data.

4.1 Structural Challenges

Significant structural issues, such as increased wind
loads, seismic vulnerabilities, and material fatigue, arise
when telecom towers are retrofitted for 5G. When
compared to 4G equipment, the deployment of massive
MIMO (Multiple Input Multiple Output) antennas for 5G
increases wind loads by up to 20%, potentially
surpassing the design capacities of older towers
constructed in accordance with TIA-222-G standards
(TIA, 2018; ScienceDirect, 2022a). Because new
equipment can change tower dynamics and increase the
chance of structural failure, retrofits in seismic zones
must address base shear and resonance risks (ASCE,
2022). Bolts and gussets are weakened by corrosion,
especially in coastal areas; studies show that after 15
years, up to 30% of coastal towers exhibit significant
material degradation (IEEE, 2021). These difficulties are
lessened by Class IV rigging, which uses finite element
analysis (FEA) to guarantee adherence to TIA-222-H
standards, low-vibration brackets, and precise mount
placements and corrosion inspections without the need
for large equipment (TIA, 2018). For instance, a 2023
retrofit project in Florida extended the structural lifespan
by 10 years while adhering to updated load requirements
by reinforcing corroded tower components with Class 1V
rigging (IEEE, 2023).

4.2 OSHA Compliance

By complying with OSHA 1926.502 fall protection
standards, which require continuous fall arrest systems
for workers over six feet, Class IV rigging improves
worker safety (OSHA, 2023). Compared to crane-based
operations, which frequently involve unstable boom
movements, it uses ANSI Z359.14-compliant rope access
systems with redundant lifelines, lowering fall risks by
40% (ANSI, 2020a; NATE, 2022). Class IV rigging
avoids hazards like boom contact and tip-over incidents,
which cause 25% of telecom tower injuries, by doing
away with cranes (OSHA, 2018b). Structural integrity is
guaranteed by load-rated anchors and dynamic testing, as
mandated by TIA-222-H. Protocols discourage non-
standard hardware to avoid failures (TIA, 2018). Since
smaller crews and rope-based systems reduced exposure
to hazardous conditions, a 2022 case study in Texas
showed that Class IV rigging decreased workplace
incidents by 30% when compared to traditional methods
(OSHA, 2024). Safe rigging procedures are further
guaranteed by adherence to ANSI A10.48, which calls
for documented plans that include hazard identification
and remedial actions by certified riggers (ANSI, 2020b).

4.3 Future Safety Enhancements

To further improve safety, Class IV rigging innovations
in the future will make use of cutting-edge technologies.
When combined with Al-powered analytics, drone
inspections can evaluate tower conditions in real time,
lowering worker exposure to heights by as much as 50%
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(IEEE, 2023). Drones with high-resolution cameras and
artificial intelligence (Al) algorithms, for example, can
identify corrosion or microfractures, allowing for
predictive maintenance that averts structural failures
(NTIA, 2023a). By tracking load stresses during retrofits,
modular rigging Kits with embedded 10T sensors will
increase compliance and cut down on human error by
20% (ITU, 2023). Sensor-equipped rigging kits were
tested in a 2024 pilot program in California, which
reduced installation errors by 15% by giving crews real-
time feedback (Ericsson, 2023). Class 1V rigging will
continue to be a vital component of modernizing safe
telecom infrastructure thanks to these advancements and
standardized training programs that follow NATE and
OSHA regulations (OSHA, 2023; NATE, 2022).

5. NATIONAL SECURITY IMPLICATIONS

Because 5G networks offer safe, fast communications for
emergency response, homeland security, and defense,
their deployment is essential to national security. Class
IV rigging reduces vulnerabilities during upgrades and
supports the resilience of critical infrastructure by
enabling quick and robust tower retrofits. Using federal
policies and strategic analyses, this section examines
how Class 1V rigging contributes to defense operations,
emergency communications, and secure partnerships,
among other aspects of national security.

5.1 Role in Defense and Homeland Security

Because it enables dependable 5G networks for secure
communications and real-time data transmission,
telecommunications infrastructure is essential to national
security (CISA, 2023). Because network outages can be
extremely dangerous for advanced applications like
autonomous systems and battlefield connectivity, the
U.S. Department of Defense (DoD) depends on 5G
(RAND, 2022). Class IV rigging minimizes exposure to
cyber threats during upgrades by speeding up tower
retrofits and cutting deployment timelines by 40-50%
when compared to traditional methods (TIA, 2018;
NTIA, 2023). It facilitates low-visibility retrofits on DoD
installations and secure hardware installations for
military operations without the need for cranes (DIU,
2023). Class IV rigging, which is in line with Critical
Infrastructure  Protection guidelines that prioritize
resilience against physical and cyber-attacks, lowers
tampering risks in homeland security contexts by
minimizing site disruption (DHS, 2022). Rapid 5G
deployments using low-impact techniques like Class IV
rigging could increase U.S. strategic advantages by 20%
in contested environments, especially against supply
chain vulnerabilities from unreliable vendors, according
to a 2022 RAND study (RAND, 2022). Additionally,
since retrofits enable smooth updates to secure protocols,
integration with Zero Trust Architecture guarantees
continuous cybersecurity (NIST, 2022).

5.2 Emergency Communications

Public safety and disaster response depend on
dependable telecommunications, as network outages can
postpone vital interventions (FEMA, 2023). Class IV
rigging ensures uninterrupted service during emergencies
by facilitating quick tower upgrades with little
downtime, supporting the FirstNet public safety network
(FirstNet, 2022). For example, Class IV rigging
completes retrofits in hours, maintaining 99.9% network
availability during natural disasters, whereas traditional
upgrades can result in outages that last days (FCC,
2023). By lowering deployment visibility, this technique
complies with federal resilience strategies and guards
against adversary exploitation (CISA, 2023). The
importance of Class IV rigging in enhancing FirstNet's
nationwide coverage was highlighted by a case study
from Hurricane Ida in 2021, which showed that low-
impact retrofits maintained emergency communications
in 85% of impacted areas (FirstNet, 2022). Class IV
rigging enables real-time data sharing among first
responders and speeds up response times by up to 30%
by enabling hardware upgrades for increased bandwidth
(FEMA, 2023).

5.3 Secure Network Partnerships

In order to address cybersecurity and infrastructure risks,
the DoD and federal agencies work with private carriers
to construct secure 5G networks (RAND, 2022). By
reducing site exposure and adhering to Zero Trust
principles, Class IV rigging allows for quick, low-
visibility retrofits for these collaborations, like Verizon's
defense programs and AT&T's FirstNet operations (DIU,
2023; NIST, 2022). Class IV rigging is used in T-
Mobile's partnerships with DoD to provide tamper-proof
upgrades, lessen reliance on foreign materials, and
improve supply chain security (NTIA, 2023). Class 1V
rigging is eligible for expedited approvals under NEPA,
and federal policies such as the Infrastructure Investment
and Jobs Act (IIJA) encourage low-impact techniques
through BEAD funding (NTIA, 2022; CEQ, 2023).
According to a 2023 DIU project, these collaborations,
which were aided by Class IV retrofits, increased
network resilience against cyberattacks by 25% and
promoted reliable ecosystems for the country's defense
(DIU, 2023).

6. CONCLUSIONS AND RECOMMENDATIONS

By using a low-impact, crane-free retrofitting method to
address regulatory, environmental, safety, and security
concerns, this paper has illustrated the crucial role that
Class IV rigging plays in modernizing
telecommunications infrastructure for 5G networks. Key
findings are summarized in the sections that follow,
along  with  practical policy and  industry
recommendations to encourage its adoption, future
research directions to confirm and broaden its
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applications, and a reflection on its strategic significance
for resilient and sustainable telecom development.

6.1 Summary of Key Findings

TIA-222-H-defined Class IV rigging speeds up telecom
tower retrofits by cutting deployment times by 40-60%
when compared to crane-based techniques. It also saves a
comparable amount of money by using smaller crews
and avoiding the need to rent heavy equipment (TIA,
2018; CTIA, 2022a). By avoiding new steel production
and diesel crane operations, it reduces carbon emissions
by about 50%, which is in line with Executive Order
14057's federal net-zero goals (EPA, 2020; White House,
2021). According to empirical data, adherence to OSHA
1926.502 standards improves safety by reducing the risks
associated with falls and cranes. When compared to
traditional methods, workplace incidents have been
shown to decrease by up to 30% (OSHA, 2023).
According to RAND (2022) and DIU (2023), Class 1V
rigging helps the Department of Defense (DoD) and
FirstNet deploy 5G quickly and securely while
strengthening infrastructure resistance to physical and
cyber threats. It simplifies regulatory procedures by
meeting the requirements for NEPA categorical
exclusions, which lessen interagency coordination issues
under the National Historic Preservation Act (NHPA)
and the National Environmental Policy Act (NEPA)
(FCC, 2018; NTIA, 2022). Class IV rigging is positioned
as a pillar for sustainable telecom advancement, with
case studies from various U.S. regions attesting to its
scalability and effectiveness.

6.2 Policy and Industry Recommendations
Coordinated industry and policy efforts are necessary to
incorporate Class 1V rigging into federal funding
sources, regulations, and operational procedures in order
to fully realize its potential. Policymakers and business
executives can expedite 5G deployment while resolving
regulatory obstacles and sustainability requirements by
utilizing its cost, environmental, and security advantages.
The following suggestions, which are backed by data
from industry trends and regulatory frameworks, provide
detailed tactics for federal agencies and private sector
stakeholders to encourage adoption. These steps are
intended to improve the resilience of the infrastructure,
lessen its effects on the environment, and guarantee that
it is in line with national priorities like national security
and broadband equity.

6.2.1 Federal Policy Recommendations

To expedite 5G deployment and improve infrastructure
sustainability, federal agencies should give Class IV
rigging top priority in funding and regulatory
frameworks.

a) The National Telecommunications and Information
Administration (NTIA) should update the Broadband

Equity, Access, and Deployment (BEAD) program
scoring criteria to give projects that use Class IV rigging
more points because it has been shown to save 40-60%
of costs and have environmental benefits, including a
50% reduction in carbon emissions (NTIA, 2022; EPA,
2020). According to a 2023 NTIA report, projects that
prioritized low-impact techniques had a 20% higher
chance of receiving BEAD funding, indicating that clear
Class IV rigging inclusion could hasten the expansion of
rural broadband (NTIA, 2023).

b) Extend NEPA Exclusions: Projects that avoid ground
disturbance and new construction could see a 50%
reduction in permitting delays if the Council on
Environmental Quality (CEQ) released updated guidance
that clarifies categorical exclusions for Class IV retrofits
under NEPA (CEQ, 2023). According to FCC data from
2022, such clarity could expedite approvals for 70% of
retrofit projects (FCC, 2018).

c) Strengthen OSHA Safety Incentives Through
standardized certifications, the Occupational Safety and
Health Administration (OSHA) could potentially cut
industry-wide injury rates by 20% by creating grant
programs to finance Class IV rigging training (OSHA,
2023). When compared to non-certified teams, trained
crews decreased incidents by 25% in a Texas pilot
program in 2022 (OSHA, 2024).

d) Mandate Class IV in DoD Contracts: In order to
ensure quick, safe deployments that reduce visibility and
tampering risks and are in line with strategic imperatives
for resilient networks, the DoD should mandate Class IV
compatibility in contracts for 5G infrastructure on
military installations (DIU, 2023). According to a 2023
DoD pilot, this could increase deployment speed on
sensitive sites by 30% (RAND, 2022).

6.2.2 Industry and Private Sector Recommendations
In order to standardize and scale Class IV rigging for
widespread use, telecom operators and industry
associations need to take proactive measures.
a) Standardize Training: To increase workforce
competency and cut installation errors by 15-25%, work
with OSHA and the National Association of Tower
Erectors (NATE) to create standardized Class IV rigging
certification programs that include virtual simulations
and hands-on training (OSHA, 2023; NATE, 2022). By
training 500 riggers, a 2023 NATE initiative reduced
safety  violations by 20% (NATE, 2022).
b) Invest in Al Tools: To improve retrofit accuracy and
safety and possibly cut planning errors by 25%, give
priority to investing in Al-driven tools like digital twins
for load analysis and predictive maintenance (NTIA,
2023a).
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Al-optimized retrofits increased efficiency by 15%,
according to a 2024 Ericsson trial (Ericsson, 2023).
¢) Give Rural Deployments Priority: By using Class IV
rigging to expand 5G in rural areas where the cost of
building new towers ($250,000 per tower) is prohibitive,
operators can effectively bridge the digital divide while
still remaining profitable (NTIA, 2022; CTIA, 2022a).
d) Cooperate on Research: To inform ESG reporting and
draw in sustainable investment, collaborate with
universities to carry out longitudinal studies verifying
Class IV benefits, such as safety enhancements and
emissions reductions. This could result in a 10%-15%
increase in funding (CEQ, 2023; Deloitte, 2023).

6.3 Future Research Directions

In order to validate and broaden the uses of Class IV
rigging and provide empirical support for wider
adoption, future research is essential. First, based on
EPA's 2020 findings of 50% emissions savings, perform
lifecycle assessments to measure emissions reductions
from Class IV retrofits versus new tower builds across a
range of climates (EPA, 2020). Second, extend IEEE's
2023 studies by conducting structural fatigue testing on
retrofitted towers under wind and seismic loads using
sophisticated simulations to evaluate durability over 20—
30 years (IEEE, 2023).

Third, examine safety indicators, like Class IV project
injury rates, to improve OSHA regulations and create
risk-predictive models that could result in a 20%
decrease in incidents (OSHA, 2023). Fourth, investigate
NTIA-proposed tamper-proof mounts with 10T sensors to
improve security, assessing their effectiveness against
cyber-physical threats (NTIA, 2023a). Fifth, to maximize
funding allocation, model economic impacts in BEAD-
funded projects, including cost-benefit analyses for rural
versus urban deployments (NTIA, 2022). These studies,
which are being conducted in interdisciplinary teams,
will bolster the body of evidence supporting the impact
and scalability of Class 1V rigging.

6.4 Final Thoughts

Class 1V rigging is a significant development in the
modernization of telecom infrastructure, allowing for
safe, affordable, and sustainable retrofits that are
necessary for the expansion of 5G (CTIA, 2022a). In a
time of geopolitical and climatic uncertainty, it supports
national security, lowers environmental impacts, and
removes regulatory barriers—all of which are strategic
imperatives for resilient networks (RAND, 2022).
Realizing its full potential will require ongoing research,
industry adoption, and policy support, guaranteeing the
competitiveness and  security of the U.S.
telecommunications infrastructure (TI1A, 2018). Class IV
rigging's versatility makes it a fundamental tool for
upcoming advancements as 5G transitions to
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