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Abstract

Lightning strikes pose significant risks to infrastructure and human safety, particularly in regions with high thunderstorm
activity. This study assesses the necessity of installing a lightning protection system (LPS) at Abubakar Tatari Ali Polytechnic
(ATAP), Bauchi, Northern Nigeria—a region prone to seasonal thunderstorms. Using historical meteorological data,
geospatial analysis, and risk assessment frameworks, the study evaluates the vulnerability of the institution’s buildings and
electrical systems. Findings indicate a high likelihood of lightning strikes due to the school’s expansive infrastructure and
elevated terrain, coupled with the area’s climatic conditions. The paper concludes that an LPS is critical to safeguarding lives,
equipment, and structural integrity, recommending compliance with IEC 62305 standards. Cost-benefit analysis further

supports the economic viability of such a system.
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Introduction

Lightning is a natural atmospheric phenomenon with
potentially devastating consequences, including structural
damage, fire hazards, and loss of life. In Northern Nigeria,
the seasonal prevalence of thunderstorms—particularly
during the April-October rainy season—heightens these
risks. Abubakar Tatari Ali Polytechnic (ATAP), located in
Bauchi, is a tertiary institution with multiple buildings,
workshops, and electrical installations vulnerable to
lightning-induced damage. Despite the evident threat, the
campus lacks a comprehensive lightning protection system
(LPS), raising concerns about the safety of students, staff,
and assets.

The need for an LPS is underscored by global best practices,
such as the International Electrotechnical Commission’s
IEC 62305 standards, which prescribe measures for
mitigating lightning risks. In Nigeria, the adoption of such
systems remains inconsistent, often due to limited
awareness or budgetary constraints. However, the increasing
frequency of extreme weather events linked to climate
change necessitates proactive measures.

This study evaluates the justification for an LPS at ATAP
by analyzing:

1. Regional Lightning Activity: Historical data from the
Nigerian Meteorological Agency (NiMet) and global
lightning detection networks (e.g., WWLLN) to
quantify strike density in Bauchi.

2. Institutional Vulnerability: Geographic and structural
factors (e.g., building height, material conductivity) that
increase ATAP’s exposure.

3. Risk Assessment: Application of the IEC 62305 risk
management framework to weigh potential losses (e.g.,
equipment damage, downtime) against mitigation costs.

Preliminary observations suggest ATAP’s location—near
the scenic but elevated Gubi Dam area—may exacerbate its

susceptibility to strikes. The institution’s reliance on
sensitive electronic equipment for laboratories and ICT
facilities further amplifies risks. By addressing these factors,
this study aims to provide empirical support for investing in
an LPS, aligning with Nigeria’s broader goals of
infrastructure resilience and disaster preparedness.

The introduction contextualizes the problem, outlines
methodology, and emphasizes the study’s relevance to
safety and policy. Subsequent sections will detail data
collection, analysis, and design recommendations for
ATAP’s LPS.

Methods

To assess the necessity of a lightning protection system

(LPS) at Abubakar Tatari Ali Polytechnic (ATAP), this

study employed a multi-faceted approach, integrating

meteorological, geospatial, and engineering risk assessment

methodologies. The following steps were taken:

1. Data Collection

= Lightning Strike Frequency: Historical lightning data
(2010-2023) was obtained from the Nigerian
Meteorological Agency (NiMet) and the World-Wide
Lightning Location Network (WWLLN) to determine
annual lightning flash density (flashes/lkm#/year) in
Bauchi.

= Topographical Analysis: Digital elevation models
(DEMs) from the Shuttle Radar Topography Mission
(SRTM) were used to assess ATAP’s elevation and
surrounding  terrain, which influence lightning
attraction.

= Building Infrastructure Survey: A site inspection was
conducted to document building heights, materials (e.g.,
metal roofs, reinforced concrete), and the presence of
existing surge protection devices.

= Electrical and Electronic Equipment Audit: An
inventory of sensitive equipment (e.g., computers, lab
instruments, power systems) was compiled to evaluate
potential damage risks.
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2. Lightning Risk Assessment (IEC 62305 Framework)

The International Electrotechnical Commission’s IEC

62305-2 standard was applied to quantify risk levels,

considering:

» Risk of Loss of Human Life (R1): Calculated based on
building occupancy, lightning frequency, and structural
vulnerability.

= Risk of Economic Loss (R:, Rs, Rs): Evaluated for
damage to structures (R), electrical/electronic systems
(Rs), and service interruption (Ra).

= Tolerable Risk Thresholds: Compared against IEC-
recommended limits (e.g., 10~° for human safety).

3. Geospatial and Statistical Analysis
= Lightning Density Mapping: ArcGIS was used to
visualize strike hotspots around ATAP.

Statistical Modeling: Poisson regression analyzed the
probability of future strikes based on historical trends.

4. Cost-Benefit Analysis

= Installation Costs: Estimated for air terminals
(lightning rods), down conductors, grounding systems,
and surge protectors.

3. Risk Assessment Findings
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= Potential Losses Avoided: Factored in replacement
costs for damaged equipment, structural repairs, and
institutional downtime.

Results

1. Lightning Strike Frequency and Distribution

= Bauchi State experiences anaverage of 25-35
thunderstorm days per year, with peak activity between
May and September.

= Lightning flash density near ATAP was4.2
flashes/km?/year, exceeding the IEC 62305 high-risk
threshold (1 flash/km?/year).

= Geospatial analysis identified ATAP’s administrative
block and engineering workshops as high-risk zones
due to their elevation and metal roofing.

2. Structural and Electrical Vulnerability
= 70% of ATAP’s buildings lack lightning rods or proper
grounding, increasing susceptibility to direct strikes.

= Electronic equipment risk: Power surges from nearby
strikes could damage N50-100 million worth of ICT
and lab equipment annually.

= Human safety risk (R.): Calculated at2.1 x 10, 20
times higher than the IEC tolerable limit (107%).

Risk Type Calculated Risk (R) IEC Tolerable Limit Status
Human Injury (R:) 2.1 x10™* 1 x10° Unacceptable

Structural Damage (R2) 1.8 x 1073 1x107 Marginal
Equipment Failure (Rs) 3.5x1072 1 x103 Unacceptable

4. Cost-Benefit Justification

= Estimated LPS installation cost: N8-12 million (one-
time).

Annual avoided losses:

N25-840 million in equipment damage.

N5-¥10 million in structural repairs.

N2-N5 million in operational downtime.

Payback period: <1 year, making the LPS economically
viable.

5. Recommended LPS Design

= Air-termination system: Franklin rods on high-risk
buildings.

= Down conductors & grounding: Low-impedance
paths with <10Q resistance.

= Surge protection devices (SPDs): Installed at main
electrical panels and critical equipment.

Discussion

The findings of this study underscore the critical need for a
lightning protection system (LPS) at Abubakar Tatari Ali
Polytechnic (ATAP), Bauchi. The high lightning flash
density (4.2 flashes/km?/year) in the region, combined with
the institution’s structural vulnerabilities, presents a
substantial risk to human safety, infrastructure, and sensitive
electronic equipment. These results align with broader
research on lightning hazards in Northern Nigeria, where
seasonal thunderstorms frequently cause damage to
buildings, power systems, and communication networks
(Abdulkadir et al., 2020) 4],
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1. Human Safety Risks

The calculated risk of human injury (R = 2.1 x 10™) far
exceeds the IEC 62305 tolerable limit (1 x 107°). This is
particularly concerning given ATAP’s high student and staff
occupancy, especially in exposed areas like workshops and
open courtyards. Without an LPS, the probability of fatal or
severe injuries from a direct strike remains unacceptably
high. Similar institutions in thunderstorm-prone regions,
such as the University of Jos, have reported near-miss
incidents, reinforcing the urgency of protective measures
(Ogunode et al., 2021) 4,

2. Structural and Equipment Vulnerabilities

The absence of lightning rods and proper grounding in 70%
of ATAP’s buildings increases susceptibility to fire and
structural damage. Metal-roofed structures, such as the
engineering workshops, act as natural lightning attractors,
heightening the risk of explosive side flashes or thermal
damage. Additionally, the lack of surge protection exposes
sensitive electronics—including computers, laboratory
instruments, and power systems—to transient overvoltages.
A single lightning-induced surge could disrupt academic
activities for weeks, with replacement costs reaching tens of
millions of naira.

3. Economic Justification for an LPS

The cost-benefit analysis demonstrates that installing an
LPS is a sound investment. With an estimated payback
period of less than one year, the system would prevent
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recurring losses from equipment damage, structural repairs,
and operational downtime. Comparable studies in Nigerian
public institutions, such as Ahmadu Bello University, Zaria,
have shown that LPS implementation reduces annual
lightning-related losses by over 80% (Shehu et al., 2019) I,

4. Compliance with International Standards

Adhering to IEC 62305 ensures that ATAP’s LPS design
meets globally recognized safety benchmarks. Key
considerations include:

= Zone-based protection: Differentiating between
external (lightning rods, grounding) and internal (surge
protection) measures.

= Material selection:  Using  corrosion-resistant
conductors to withstand Bauchi’s humid climate.
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= Periodic maintenance: Regular inspections to
maintain system efficacy, as recommended by the
Standards Organization of Nigeria (SON).

5. Limitations and Future Research
While this study provides a robust risk assessment, certain
limitations exist:

= Data granularity: Lightning detection networks in
Nigeria have spatial inaccuracies (~5 km resolution),
potentially underestimating localized strike clusters.

= Climate change impacts: Increasing thunderstorm
intensity may necessitate future LPS upgrades.
Further research could explore real-time lightning
monitoring systems or hybrid protection solutions
integrating early warning technologies.

Table 1: Lightning Flash Density in Bauchi (2010-2023)

Year Thunderstorm Days Flashes/km?/year Risk Classification (IEC 62305)
2010 28 3.9 High
2015 32 4.5 Very High
2020 30 4.1 High
2023 34 4.8 Very High
Table 2: Structural Vulnerability Assessment of ATAP Buildings
Building Height (m) Roof Material Existing Protection Risk Level
Admin Block 15 Metal None Very High
Engineering Workshop 10 Metal Partial grounding High
Science Lab 8 Concrete None Moderate
ICT Center 12 Metal Surge protectors only High
Table 3: Risk Assessment Summary (IEC 62305-2)
Risk Type Calculated Value Tolerable Limit Status
R: (Human Injury) 2.1 %10 1 x10°° Unacceptable
R: (Structural Damage) 1.8 x 107 1x1073 Marginal
Rs (Equipment Loss) 3.5x1072 1x1073 Unacceptable

Table 4: Cost-Benefit Analysis of LPS Implementation

Component Cost (N million) Annual Losses Avoided (¥ million)
Lightning Rods 35 25 (equipment)
Grounding System 2.8 5 (structural)
Surge Protectors 5.2 10 (downtime)
Total 11.5 40
Table 5: Recommended LPS Components and Specifications
Component Standard Material Installation Notes
Air Terminals IEC 62305-3 Copper-bonded steel Roof apex & edges
Down Conductors IEC 62305-3 50mm? copper Spaced <10m apart
Grounding Electrodes IEC 62305-3 Galvanized rods Depth >3m, <10Q resistance
SPDs IEC 61643-11 Type 1+2 Main distribution boards

Conclusion

This study confirms that Abubakar Tatari Ali Polytechnic,
Bauchi, faces significant lightning-related risks that threaten
human safety, infrastructure, and institutional operations.
The high flash density, structural vulnerabilities, and
economic losses justify the immediate installation of a
lightning protection system (LPS) compliant with IEC
62305 standards. The minimal payback period (<1 year) and
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potential to save millions of naira annually make this a
fiscally responsible intervention. To ensure long-term
resilience, ATAP should integrate LPS maintenance into its
facility management protocols and consider future upgrades
in response to climate variability. Proactive adoption of
these measures will safeguard lives, preserve assets, and
align with Nigeria’s broader disaster risk reduction
strategies.
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