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Abstract

Lightning protection system (LPS) design increasingly relies on formal risk assessment, yet many
practitioners find existing standards complex, data-intensive, or difficult to translate into clear
investment decisions. IEC 62305-2:2024 provides a rigorous quantitative framework, while NFPA-
780 offers prescriptive, legally defensible implementation guidance, but each standard reflects
different regulatory philosophies and practical limitations. The 2024 revision of IEC 62305-2
introduces major refinements, including a unified risk concept, explicit treatment of damage
frequency, adoption of lightning ground strike-point density, and formal recognition of
thunderstorm warning systems (TWS). These changes strengthen analytical capability but also
sharpen questions about data quality, parameter sensitivity, and usability in data-sparse regions. By
contrast, NFPA-780 continues to emphasize a consequence-oriented, prescriptive design philosophy
aligned with North American legal and insurance expectations, but it offers limited support for
explicit cost-benefit optimization or risk-differentiated prioritization. This article provides a critical,
practice-focused synthesis of both standards. It highlights key strengths and limitations from a
practitioner’s viewpoint and proposes a hybrid four-step workflow that uses IEC 62305-2:2024 for
quantitative screening and economic evaluation while relying on NFPA-780 for robust
implementation. The combined approach aims to enable technically sound, economically rational,

and clearly communicable lightning protection decisions.

1. Introduction

Lightning is one of the leading natural causes of weather-related human fatalities and a significant
source of damage to buildings, infrastructure, and electrical systems worldwide. However, it is still

systematically underrated in disaster risk reduction, infrastructure planning, and public-safety



policy, particularly in developing nations. Unlike earthquakes, cyclones, or floods, lightning
fatalities tend to be dispersed, underreported, and normalized as isolated incidents rather than
recognized as manifestations of a persistent, preventable hazard. As a result, lightning-related deaths
and injuries continue at alarming levels despite mature engineering standards and proven protection
technologies.

This under-recognition is not confined to developing countries but even in developed nations,
lightning protection is frequently installed reactively, after damage, outages, or insurance claims,
rather than proactively, based on documented risk. The absence of formal risk assessment leads to
inconsistent protection levels, retrofit-driven upgrades, inspection disputes, and difficulties in
justifying investment decisions to non-technical stakeholders.

For practitioners, the key issue is no longer the technical validity of lightning risk assessment, but
whether its outcomes effectively inform LPS design decisions and asset management strategies. [EC
62305-2 and NFPA-780 offer complementary approaches: the IEC framework explains why
protection is required and to what extent, while NFPA-780 provides practical guidance on how
systems should be designed, installed, inspected, and maintained. Bridging these perspectives is
crucial not only for enhancing infrastructure resilience but also for minimizing avoidable losses of

life and property.

2. 1IEC 62305-2:2024 - Key features and limitations for practitioners

The 2024 revision of IEC 62305-2 brings several important updates for practitioners. One key
change is the introduction of a unified risk approach that combines the risk to human life and the
risk of physical damage into a single measure. This makes it easier for engineers to communicate
lightning risk in terms that are familiar to asset managers and insurers, such as expected annual
losses and frequency of damage rather than relying on abstract probability values. The revised
standard also places greater emphasis on damage to internal systems, acknowledging that in modern
facilities, service interruptions and downtime often account for a significant share of total losses.

Another significant development is the replacement of ground flash density with lightning ground
strike-point density, better representing the physical interaction between lightning and structures.
These updates enhance the physical realism of the model and reduce uncertainty in selecting regional
lightning data, especially where high-resolution detection networks are available. The formal

inclusion of thunderstorm warning systems (TWS) as preventive risk-reduction measures also
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strengthens the link between engineering design and operational risk management, reflecting their
increasing use in critical facilities. Collectively, these improvements make IEC 62305-2 a more
practical and defensible decision-making tool, rather than merely a theoretical calculation
framework.
2.1 Practical limitations and uncertainties
Despite its strengths, several practical limitations should be recognized:
Data dependence and parameter sensitivity: IEC 62305-2 relies on detailed inputs such as strike-
point density, exposure characteristics, environmental factors, and damage probabilities. In
regions with limited lightning monitoring or loss data, these inputs are often estimated using
generic values, which can significantly increase uncertainty in the calculated annual risk.
Complexity and usability: Even with the 2024 updates, the methodology remains complex for
occasional users. Misinterpretation of loss categories, incorrect assignment of coefficients, or
inconsistent treatment of internal system risks can lead to unreliable outcomes.
Conservatism versus risk differentiation: The use of conservative default values to address data
gaps may cause different structures to yield similar risk estimates, reducing the ability to
effectively prioritize protection measures across assets.
Limited contextual guidance on tolerable risk: While the standard defines tolerable risk
thresholds, it offers limited direction on aligning these with local regulations, organizational risk
tolerance, or insurance requirements, often leaving practitioners to determine acceptable levels
case by case.
Recognizing these limitations is essential to avoid overreliance on calculated metrics and to ensure
transparent communication of assumptions and uncertainties when applying IEC-based risk

assessments for decision-making.

3. NFPA-780: Prescriptive and consequence-oriented practice

NFPA-780 adopts a complementary approach by focusing on consequence-based decision-making
and clear, prescriptive construction rules rather than a universal probabilistic risk model. Protection
requirements are determined based on factors such as occupancy, structure type, exposure, and the
severity of potential consequences, with well-defined criteria for when and how a lightning

protection system (LPS) should be installed. This approach aligns closely with legal and insurance



practices in North America and offers the practical advantage of being straightforward to interpret,

inspect, and enforce.

The standard places strong emphasis on construction quality, proper bonding and grounding, and

ongoing maintenance. This reflects practical experience showing that many lightning protection

failures result not from flaws in analysis, but from poor installation or inadequate upkeep. As a

result, NFPA 780 effectively establishes a “standard of care” for implementation, meaning that

systems designed and installed in accordance with its requirements are generally regarded as
technically sound, compliant, and insurable.

3.1 Strengths and limitations

Key strengths include:

i.  Clear, checklist-friendly design and inspection criteria.

1. Strong linkage to building codes, insurance requirements, and legal precedent in North
America.

iii.  Focus on workmanship, inspection, and lifecycle maintenance.

However, there are important limitations:

1. Lack of explicit quantitative optimization: NFPA 780 provides limited guidance for explicit
cost-benefit analysis or portfolio-level prioritization. All structures meeting prescriptive
triggers may be treated similarly, regardless of differences in asset value or service criticality.

ii.  Potential for uniform conservatism or under-protection: Prescriptive triggers may lead to
over-protection of some low-consequence structures and under-protection of critical assets that
narrowly fall outside trigger definitions, especially when local adoption or enforcement is
uneven.

iii.  Limited integration of operational measures: While NFPA-780 acknowledges surge protection
and bonding, it does not yet provide a comprehensive framework for integrating TWS or other
operational risk-reduction measures into design justifications.

These limitations underscore the value of augmenting NFPA-780 with a structured risk-assessment

framework such as IEC 62305-2:2024.

4. Why practitioners should adopt risk-assessment results in LPS design

Risk assessment should not be adopted as an alternative to prescriptive design but as a means of

strengthening and targeting it. IEC-based risk assessment adds practical value in several ways:
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Justification of investment: Quantified annual expected loss provides a rational basis for
explaining why lightning protection is needed and why a specific protection level is appropriate
for a given asset.

Prioritization across assets: Comparable risk metrics enable portfolio-level ranking of buildings
and infrastructure, supporting phased implementation strategies rather than ad-hoc decisions
driven by recent incidents or individual preferences.

Optimization of protection measures: Risk results reveal whether external LPS, internal surge
protection, bonding improvements, TWS deployment, or operational measures deliver the
greatest marginal benefit, allowing more efficient allocation of limited budgets.

Improved stakeholder communication: Translating lightning risk into economic and
service-continuity terms improves engagement with owners, insurers, and regulators, who
frequently think in terms of expected annual cost and service downtime rather than physical
metrics.

Defensibility and documentation: A documented risk assessment demonstrates due diligence,
reducing professional and organizational liability and supporting audits, inspections, and
insurance negotiations.

Integration with NFPA-compliant design: When mapped into NFPA-780 installations,
risk-assessment results cease to be abstract numbers and become concrete engineering decisions
about protection levels, layout choices, and lifecycle upgrades.

A hybrid IEC-NFPA workflow for practical implementation

Comparison of IEC 62305 and NFPA-780 indicates that neither standard, considered independently,

sufficiently meets the requirements of practitioners working under widely varying hazard conditions

and regulatory frameworks. IEC 62305-2 excels as a diagnostic and ranking tool for portfolios of

assets but can be challenging where input data are uncertain or where users are unfamiliar with

probabilistic methods. NFPA-780 embodies a robust “standard of care” with strong insurance and

legal alignment, particularly in North America, yet it does not inherently support economic

optimization or risk-differentiated prioritization.

The objective of this article is pragmatic rather than purely theoretical. It proposes a hybrid

workflow that springs from the revised IEC 62305-2 framework yet remains simple enough to be

routinely applied and clearly communicated, while leveraging NFPA-780 as a practical execution

and enforcement standard. The four overarching steps are:



i.  IEC-based screening and risk ranking.
ii.  Translation of identified measures into NFPA -780 design actions.
iii.  Quantitative cost-benefit comparison using annual expected loss.

iv.  Documentation and lifecycle management.
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Figure 1. Hybrid IEC-NFPA Lightning Risk Management Workflow

5.1 Workflow description
Figure 1 presents a high-level flowchart of the hybrid IEC-NFPA Lightning Risk Management
Workflow. Its key stages include:
Project definition and boundary conditions: Define structure type, occupancy, location, lightning
density, service lines, and criticality. NFPA-780 establishes minimum triggers, while IEC

62305-2 defines loss categories and risk logic.
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Preliminary screening: Apply NFPA-780 triggers such as structure height, hazardous materials,
public assembly, or mission-critical use. If triggers apply, lightning protection is mandatory;
otherwise, IEC screening helps decide whether formal analysis is warranted.
Quantitative risk assessment: Use IEC 62305-2 to compute risk components (R1-R4) based on
strike-point density, exposure, occupancy, and loss factors, explicitly including internal system
and service-continuity impacts where relevant.
Protection level mapping: Translate IEC Lightning Protection Levels (LPL I-IV) into
NFPA-compliant geometries and layouts, selecting appropriate air terminals, down conductors,
and earth terminations.
External lightning protection system: Design air terminals, down conductors, and earth
termination systems using NFPA-780 construction rules that are consistent with the IEC
protection assumptions.
Internal LPS and surge protection: Apply IEC Lightning Protection Zones (LPZ) to identify
interface points and coordinate surge protective devices (SPDs) of Types 1, 2, and 3 in
accordance with NFPA enforcement and equipment requirements.
Cost-benefit analysis: Compare expected annual loss before and after protection against
installation and lifecycle costs to justify the selected protection level, acknowledging
uncertainties in both risk and cost estimates.
Optimization loop: Iteratively adjust LPL, SPD coordination, and grounding resistance to
minimize residual risk or total cost while maintaining NFPA compliance.
Compliance and documentation: Prepare IEC risk reports, NFPA drawings, bills of quantities,
inspection plans, and compliance documentation, ensuring traceability from risk metrics to
physical details.
Tool and service deployment: Automate risk calculations, design outputs, and cost-risk
trade-offs through software tools or Software as a Service (SaaS) platform, making the
methodology accessible in regions lacking specialist consultants.
This workflow positions IEC 62305-2:2024 as a diagnostic and economic evaluation engine while
using NFPA-780 as the implementation backbone.
6. Illustrative application: Hospital facility
Application of the hybrid workflow to a representative hospital highlights several practical insights.
[EC-based analysis typically reveals that internal system failures and service continuity dominate

risk components, reflecting the high cost of downtime and equipment damage in healthcare
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facilities. When candidate protection packages are evaluated, coordinated SPDs, enhanced bonding,
and an external LPS together provide substantial reductions in both risk and damage frequency with
a payback period that is acceptable relative to the facility’s operational lifetime.
In this context, NFPA-780 is used to translate the chosen protection package into detailed design
and inspection requirements: air-termination layouts, down-conductor routing, earth-termination
configurations, SPD locations, bonding details, and maintenance plans. The case study underscores
how risk assessment can justify higher-grade protection in critical zones (e.g., imaging suites,
intensive care units) while allowing more modest measures in lower-criticality areas, thereby
reconciling clinical priorities, budget constraints, and code compliance.
7. Recommendations for practice, policy, and tools
Widespread adoption of lightning risk assessment requires more than technical accuracy. The
following strategies are essential for global uptake of the hybrid approach:
Tool usability: Risk tools should present complex calculations behind intuitive interfaces,
focusing practitioner attention on inputs they can reliably provide and outputs they can readily
interpret.
Direct linkage to NFPA -780 and local codes: Risk-assessment outputs should directly reference
NFPA-780 clauses, drawings, and bill-of-quantity items or equivalent national codes reinforcing
continuity between analysis and construction.
Education and certification: Incorporating risk-based decision-making into certification
programs, continuing education, and inspector training demystifies the methodology and builds
confidence.
Demonstrating business value: Showing that documented risk assessment supports premium
reduction, compliance audits, and loss prevention encourages owner-driven demand for rigorous
lightning protection.
Scalable digital solutions: Cloud-based tools that automate data inputs, generate standardized
reports, and track residual risk over time can scale expert knowledge to regions lacking specialist
consultants and detailed lightning data.
8. Conclusions
IEC 62305-2:2024 and NFPA-780 represent two complementary perspectives on lightning risk: one
quantitative and risk-based, the other consequence-oriented and prescriptive. The revised IEC
document strengthens the risk framework through a wunified risk concept, explicit

frequency-of-damage treatment, updated exposure modelling using ground strike-point density, and



formal recognition of preventive operational measures such as thunderstorm warning systems.
Nevertheless, it remains complex and data-dependent without simplification and careful integration
into everyday practice. NFPA-780 provides a straightforward, legally and commercially familiar
approach but lacks built-in mechanisms for quantitative cost-benefit evaluation and portfolio-level
prioritization.

The hybrid approach proposed here enables practitioners to move beyond an artificial choice
between standards and instead combine their strengths to support protection that is technically
robust, economically rational, and clearly communicable. By coupling IEC-based risk metrics and
cost-benefit insights with NFPA-style prescriptive design and inspection, practitioners can answer
critical questions about how much protection is justified, what it will cost, and what risk reduction
is achieved in a defensible and transparent way.

Adopting such a hybrid framework can help elevate lightning from an underestimated hazard to one
that is systematically addressed within modern safety engineering and asset-management practice,
particularly in regions where exposure is high, resources are constrained, and the consequences of

failure are severe.
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