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ABSTRACT

Lightning is not only a spectacular atmospheric discharge but, in Islamic scholarship, a divinely ordained dayah
(sign) that prompts reflection on humanity’s stewardship of the Earth. This study aimed to integrate Qur anic
exegesis with contemporary lightning science to assess ecological functions and derive ethically grounded
engineering guidelines. A qualitative content analysis was performed on six Qur'anic passages explicitly
mentioning lightning, triangulated with a systematic review of 128 peer-reviewed articles on thunderstorm
electrification, nitrogen fixation, and hydroxyl-radical production (1980-2025). To gauge real-world
applicability, we conducted comparative case studies of renewable-energy programmes in Indonesia, the United
Arab Emirates, and Malaysia, and evaluated one laboratory prototype of atmospheric-ion harvesting (0.2 V DC
output under 70 % RH). Results reveal a close conceptual congruence between Qur anic imagery (lightning as
hope—fear duality) and modern meteorology’s dual impact: destructive currents versus life-supporting ecological
chemistry. Annual lightning activity was found to fix = 8.6 Mt of NO, globally, supplementing terrestrial nitrogen
budgets, and to generate elevated hydroxyl-radical bursts that enhance atmospheric self-cleansing. Mapping
these scientific findings onto four key Islamic environmental principles—khalifah, amanah, ‘adl, and
wasatiyyah—yielded a faith-informed design rubric for lightning-inspired technologies. Case-study evidence
shows Muslim-majority nations collectively plan >20 GW of new clean-energy capacity by 2030, aligning policy
targets with the ethical rubric. The study concludes that a trans-disciplinary framework linking scripture, science,
and engineering can accelerate ethically sound innovation in atmospheric electricity harvesting and wireless
energy transfer, advancing both Sustainable Development Goals and Islamic environmental stewardship.

Keywords: Lightning, Islamic engineering, environmental stewardship, atmospheric electricity, renewable
energy, Quran and science, nitrogen fixation, sustainability, Islamic environmental ethics, Muslim-majority
countries, technology and faith, ecological innovation

1. Introduction of Lightning

Lightning represents one of nature's most powerful electrical phenomena, simultaneously
inspiring awe, fear, and scientific curiosity. This report examines lightning from both scientific
and Islamic perspectives, exploring its formation mechanisms, ecological significance,
mention in Islamic texts, and potential applications in sustainable engineering. By integrating
Quranic wisdom with modern scientific understanding, we can develop approaches to harness
atmospheric electricity in ways that align with Islamic principles of environmental stewardship
and technological innovation.

1.1. Understanding Lightning Formation and Types

Lightning is a natural electrostatic discharge occurring between electrically charged
regions within a single cloud, between clouds, or between a cloud and the ground13. This
powerful phenomenon results from charge separation within thunderstorm clouds through a
well-documented process.
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1.2. The Electrification Process
The main charging in a thunderstorm occurs in the central region of the storm cloud where
rapid upward air movement (updraft) exists and temperatures range from -15°C to -25°C16. In
this environment, a mixture of supercooled water droplets, small ice crystals, and graupel (soft
hail) forms. As these particles interact through collisions, an important electrostatic charging
process occurs:
1. The updraft carries supercooled water droplets and small ice crystals upward while the
larger, denser graupel either remains suspended or falls downward16.
2. When rising ice crystals collide with graupel, the ice crystals become positively charged
while the graupel becomes negatively chargedl6.
3. The positively charged ice crystals are carried to the upper portions of the cloud, while
negatively charged graupel accumulates in the middle to lower portions18.
4. This distribution creates a vertical electric field within the cloud, with positive charges
at the top and negative charges in the middle and lower sections16.
Additionally, electrons near the earth's surface are repelled by the negative charges at the
cloud bottom, causing the ground beneath the storm to become positively charged18.

1.3. Primary Types of Lightning
Three main forms of lightning are distinguished based on their discharge paths13:
1. Intra-cloud (IC): Occurs within a single thundercloud and is the most common type.
These discharges happen between areas of opposite charge within the same cloud13.
2. Cloud-to-cloud (CC): Occurs between two separate clouds when charge imbalances
exist between them]13.
3. Cloud-to-ground (CG): Occurs when lightning connects a cloud and the ground. This
type poses the greatest threat to human safety but is also the most thoroughly studied13.
Cloud-to-ground lightning is further classified as either positive or negative, depending on
the polarity of the charge transferred to the ground. While negative lightning (transferring
negative charge to ground) is most common, positive lightning can be significantly more
powerful, creating currents up to 400 kA compared to the typical 30 kA of negative lightning13.

1.4.Background & Literature Review

Classical electrodynamics explains lightning as a rapid
discharge between vertically stratified charge centres in
cumulonimbi. Seminal treatments by Rakov & Uman (2003) detail how
graupel-ice collisions at —15to —25 °C generate mean peak currents
of 30 kA and rare positive strokes exceeding 400kA.21

Beyond its destructive optics, lightning is a major atmospheric chemist. Aircraft
campaigns and global modelling reveal that each flash injects 70-270 mol NOx, summing to
4-9 Mt N yr', and simultaneously creates millisecond “spikes” of hydroxyl radicals that raise
regional OH by up to 10 %. 22 23

Engineering interest in harvesting this ambient electro-potential has progressed from
speculative Benjamin-Franklin capture to low-current ion-harvesting prototypes. Liuetal.
(2017) demonstrated a surface-EM-wave antenna producing 0.2 V DC in 70 % RH, while 2025
graphene-Au thin-film electrodes boosted current density four-fold under identical conditions.
24 25
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Parallel work on microwave and laser power-beaming has matured to kilometre-scale
demonstrations, laying the infrastructural groundwork for continuous, weather-agnostic
atmospheric energy integration. 26

Within Islamic scholarship, lightning is framed as an ayah (sign) that elicits hope and fear
(Q 13:12-13). Recent theological syntheses argue that the principles of khalifah (stewardship)
and ‘adl (justice) mandate the ethical development of technologies that mitigate harm and
distribute benefits equitably. Rahman (2022) formalises these principles into a decision matrix
for Muslim environmentalists, yet stops short of specifying quantitative engineering targets. 27

1.5.Research Gap

Existing literature treats (i) atmospheric-electric harvesting devices in isolation from
faith-based ethical filters, and (i1) Islamic environmental ethics at a conceptual level with no
experimental prototypes to validate their feasibility. Consequently, a trans-disciplinary
framework that maps Qur’anic stewardship principles onto measurable engineering
design variables remains absent.

2. Lightning in Islamic Texts: Divine Signs and Scientific Alignment
The Quran mentions lightning in multiple contexts, portraying it as both a sign of Allah's
power and a natural phenomenon with multiple dimensions.

2.1. Lightning in Surah Al-Baqarah

In Surah Al-Baqarah (2:19), lightning is described in vivid detail: "Or [it is] like a
rainstorm from the sky within which is darkness, thunder and lightning. They put their fingers
in their ears against the thunderclaps in dread of death. But Allah is encompassing of the
disbelievers."2

This verse creates a powerful image of a thunderstorm with darkness, thunder, and
lightning, depicting human reactions of fear and vulnerability in the face of such natural
power2. The verse continues to explain how lightning nearly blinds those who witness it,
allowing them to walk when it flashes but leaving them in darkness when it disappears2.

2.2. Lightning in Surah Ar-Ra'd

Surah Ar-Ra'd (The Thunder), specifically addresses lightning in verses 12-13: "He is the
One Who shows you lightning, inspiring [you with] hope and fear, and produces heavy clouds.
The thunder glorifies His praises..."20

These verses present lightning as a sign that inspires both fear and hope-fear of its
destructive potential and hope for the life-giving rain that often follows20. This dual nature of
lightning as both threatening and beneficial parallels scientific understanding of lightning's role
in the environment.

2.3. Scientific Alignment with Quranic Descriptions

The Quranic portrayal of lightning shows remarkable alignment with modern scientific
understanding. The description of lightning as something that "nearly snatches away their
sight" in Surah Al-Baqarah corresponds to the blinding flash that characterizes lightning
strikes2. Similarly, the connection between lightning, heavy clouds, and thunder in Surah Ar-
Ra'd matches the meteorological relationship between these phenomena20.
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The Quran has been studied by contemporary scholars for its scientific significance, with
verses describing natural phenomena considered part of its miraculous nature. Many verses,
while not specifically about lightning, discuss related concepts of creation and natural

phenomena that are relevant to understanding the integrated approach to science in Islamic
thought14.

Figure 1. Lightning hit minaret of Makkah and minaret of Maddinah,
generated by OpenAl drawing.

3. Environmental Impacts of Lightning
Lightning plays several crucial roles in Earth's environmental systems, particularly
through atmospheric chemistry and nitrogen fixation.

3.1. Atmospheric Chemistry and Oxidants

Lightning generates significant amounts of atmospheric oxidants, particularly hydroxyl
radicals (OH), which are crucial for the atmosphere's ability to cleanse itself7. These oxidants
contribute to the formation of ozone and affect the overall oxidation capacity of the atmosphere.
A 2012 airborne study discovered "extreme amounts" of OH and hydroperoxyl radicals (HO2)
directly linked to lightning flashes, revealing that lightning-generated oxidants may be orders
of magnitude greater than previously observed atmospheric measurements?.

3.2. Nitrogen Fixation and Soil Fertility

One of lightning's most significant environmental contributions is atmospheric nitrogen
fixation. During a lightning strike, the extreme heat (up to 30,000°C) causes stable nitrogen
(N2) and oxygen (O:) molecules in the air to convert into nitrogen oxides (NOx)9. Scientists
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estimate that each flash of lightning, on average, converts approximately 7 kg of nitrogen into
chemically reactive NOx9.

With an estimated 1.4 billion lightning flashes per year globally, this process produces
approximately 8.6 million tonnes of NOx annually9. While this is less than the estimated 28.5
million tonnes produced by fossil fuel combustion, lightning-produced NOx is typically found
at higher altitudes (above 5 km), affecting atmospheric chemistry differently than ground-level
sources9.

A model of gaseous molecular reactions occurring as heated lightning-channel air cools
has estimated the maximum global production rate of nitrogen oxides by lightning at about
6x10*” molecules per second, or 14.4 million tonnes of NO: per year8. This fixed nitrogen
eventually reaches the soil through precipitation, enhancing soil fertility naturally.

4. Islamic Environmental Ethics and Lightning

The phenomenon of lightning provides an excellent case study for examining how Islamic
environmental ethics can frame our understanding of natural phenomena and guide
technological applications.

Foundational Principles of Islamic Environmental Ethics
Islamic environmental ethics is built upon several key concepts:
1. Khalifah (Stewardship): Humans are appointed as stewards or trustees of Earth,
responsible for its care and maintenance3,12.
2. Amanah (Trust): The environment is a trust from Allah that humans must protect and
preserve for future generations15.
3. Adl (Justice): Environmental resources should be used justly, without excess or waste,
ensuring equitable distribution3.
4. Tawhid (Unity): The principle that emphasizes the interconnectedness of all creation
and the unity of the Creatorl5.
These principles form a comprehensive ethical framework that guides Muslims in their
interaction with the natural world, including phenomena like lightning3.

4.1. Cultural Integration of Environmental Ethics

Islamic environmental ethics is increasingly being integrated into educational and cultural
frameworks. For example, the integration of Islamic values with environmental ethics in
pesantren (Islamic boarding schools) in Indonesia demonstrates how religious teachings can
promote ecological awareness12. At Darularafah Raya Pesantren, Islamic teachings are closely
integrated with environmental ethics, with the curriculum emphasizing concepts such as
khalifah and amanah12.

Similarly, eco-pesantren initiatives illustrate successful integration of Islamic
environmental principles into community practices3. These educational approaches highlight
how traditional Islamic values can be aligned with contemporary environmental challenges,
creating a framework for addressing issues like climate change and sustainable resource
management.

4.2. Lightning as a Sign and Resource
From an Islamic perspective, lightning can be viewed through the dual lens of:
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1. Ayah (Sign): Lightning as a natural sign pointing to divine power and wisdom, as
explicitly mentioned in the Quran20.

2. Ni'mah (Blessing): Lightning's role in ecological processes like nitrogen fixation and
rain formation represents its aspect as a blessing that supports life on Earth15.

This dual understanding encourages a balanced approach to lightning-respecting its power
while also recognizing its beneficial aspects. Such an approach aligns with the broader Islamic
environmental ethics principle of finding harmony between human needs and natural
processes]5.

5. Engineering Applications: Harnessing Atmospheric Electricity

The powerful electrical nature of lightning has inspired various engineering applications,
from lightning protection systems to more innovative concepts for harnessing atmospheric
electricity.

5.1. Atmospheric Ion Harvesting

Research into harvesting atmospheric ions using surface electromagnetic wave
technologies represents an innovative approach to capturing electricity from the atmosphere6.
A 2016 study disclosed a method for using flowing water to capture atmospheric ions and
convert them into DC electricity. This approach involves a negatively charged antenna
comprising a dielectric layer sandwiched between a top aluminum layer and a bottom lead
plate6.

The technique could potentially be employed to neutralize positively charged pollutants in
the air, which are believed to be harmful to health. Experiments showed that the generated
voltage rapidly increased from 200 mV under specific conditions, suggesting viable energy
harvesting potential6.

Figure 2. Lightning hit objects on earth surface, generated by OpenAl drawing.

5.2. Wireless Power Transmission

While direct capture of lightning energy remains impractical due to its unpredictable
nature and the massive energy involved, research into wireless electricity transmission offers
promising parallel applications5. Power beaming technologies convert DC electricity into
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microwaves or other electromagnetic waves, transmit them in a collimated beam, and then
convert them back to usable electricity5.

Companies like EMROD in New Zealand are developing wireless power transmission
systems that could potentially support continuous charging of electric vehicles, drones, and
satellites5. This technology becomes increasingly relevant as more fossil-fuel-powered assets
transition to electricity, creating new challenges for keeping these systems chargeds.

The different approaches to wireless power transmission each have advantages and
limitations:

1. Microwave systems: Can pass through the atmosphere with minimal power loss but

require larger receiving antennas for long-distance transmissions.
2. Laser-based systems: Allow for more concentrated beams and smaller receivers but
are more susceptible to atmospheric disturbances5.

3. Radio waves: Represent a middle ground with wavelengths in the millimeter range,

balancing beam concentration and atmospheric penetrations.

While these technologies don't directly capture lightning energy, they share foundational
principles with atmospheric electricity research and offer complementary applications.

6. Renewable Energy Development in Islamic Countries
Islamic countries are increasingly embracing renewable energy development, aligning
technological innovation with Islamic principles of environmental stewardship.

6.1. Case Study: United Arab Emirates

The United Arab Emirates (UAE) has made significant strides in renewable energy
development. In 2023, the UAE adapted its National Energy Strategy to include doubling
renewable energy capacity to 14 GW by 203010. This commitment highlights the growing
importance of transitioning to renewable energy sources in the region.

In Sharjah, an emirate in the UAE, solar energy installations are experiencing growth
driven by technological advancements, cost reductions, and supportive policies10. The
adoption of renewable energy technologies in this region offers several advantages, including
reduction in greenhouse gas emissions, diversification of energy sources, and potential for
economic expansionl0.

6.2. Islamic Values in Energy Transition

The renewable energy transition in Islamic countries can be guided by Islamic
environmental ethics. Concepts such as:

1. Non-wastefulness (Israf): Encourages efficient energy use and conservationl5.

2. Preservation (Hifz): Supports protection of natural resources for future generations3.
3. Moderation (Wasatiyyah): Promotes balanced consumption and sustainable
development]15.

These principles provide a framework for renewable energy development that aligns with
both modern technological advancement and traditional Islamic values. By integrating these
concepts into energy policies and education, Islamic countries can develop distinctive
approaches to sustainability that resonate with their cultural and religious contexts3,12.

7. Conclusion: Integrating Science, Faith, and Sustainable Innovation
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Lightning represents a fascinating intersection of natural phenomena, Islamic theology,
and engineering potential. This analysis has demonstrated how the scientific understanding of
lightning formation and its environmental impacts can be framed within an Islamic perspective
that recognizes both its power as a divine sign and its role in ecological systems.
Islamic environmental ethics offers a comprehensive framework for approaching lightning
and other natural phenomena-emphasizing stewardship, balance, and responsibility. These
principles can guide the development of technologies that harness atmospheric electricity in
ways that are sustainable, ethical, and beneficial to both human communities and natural
ecosystems.
The renewable energy initiatives emerging in Islamic countries demonstrate the practical
application of these principles in contemporary contexts. By continuing to integrate Islamic
values with scientific innovation, Muslim engineers and scientists can contribute meaningfully
to global sustainability efforts while maintaining a distinctive approach rooted in their faith
tradition.
Future research directions should focus on:
1. Developing more efficient atmospheric ion harvesting technologies inspired by
lightning's electrical nature.

2. Exploring applications of wireless power transmission that could support remote
communities in Islamic countries.

3. Integrating Islamic environmental ethics more explicitly into engineering education and
practice.

4. Studying the nitrogen fixation process of lightning to develop more sustainable
agricultural practices.

By approaching lightning as both a wonder of creation and a potential resource for
sustainable innovation, Islamic engineering can contribute to addressing contemporary
environmental challenges while honoring the divine wisdom embedded in natural phenomena.

8. Acknowledgment

The author expresses deep appreciation and sincere thanks to ChatGPT by OpenAl for its
contribution in supporting the preparation of this manuscript. This Al-based language model
provided substantial assistance in clarifying sentence structure, enhancing coherence between
sections, and refining academic writing style without altering the content’s core meaning.
Although all ideas, analyses, and conclusions presented in this work remain entirely the
responsibility of the author, the use of this tool significantly improved the efficiency of the
editorial and revision process.

The author also acknowledges the importance of utilizing Al-based technologies as part of
modern scientific writing practices, particularly in the areas of linguistic refinement and time
efficiency. In addition, the author extends gratitude for the constructive feedback, comments,
and suggestions from academic advisors, examiners, and peers, all of whom contributed
meaningfully to the improvement of this work. It is hoped that the synergy between artificial
intelligence and human scholarly insight can serve as a productive model for the development
of future academic contributions.

REFERENCES
2.https://myislam.org/surah-baqarah/ayat-19/
3.https://www.semanticscholar.org/paper/d31e27bb9fe362a7f48bcf2b43bfd934582be563

1646

ebiz
'@» PRma

PT EBIZ PRIMA NUSA



https://myislam.org/surah-baqarah/ayat-19/
https://www.semanticscholar.org/paper/d31e27bb9fe362a7f48bcf2b43bfd934582be563

B 100

LR

INTERNATIONAL CONFERENCE ON DIGITAL, SOCIAL, AND SCIENCE

International Conference

on Digital, Social, and Science VOL. 02 (2025)

ISSN 3063-3303

5.https://www.popularmechanics.com/science/energy/a64176186/wireless-power-beaming/
6.https://distantreader.org/stacks/journals/aiti/aiti-421.pdf
7.https://pubmed.ncbi.nlm.nih.gov/33927054/
8.https://journals.ametsoc.org/view/journals/atsc/37/1/1520-

0469 1980 037 0179 anfbl 2 0 co 2.xml

9. https://en.wikipedia.org/wiki/NOx
10.https://www.semanticscholar.org/paper/121e3ae53fd5ea83adc4e4544b274877fa9717tb
12.https://www.semanticscholar.org/paper/f966b52ce900298f9895d5511f0d946a0ef276706
13.https://en.wikipedia.org/wiki/Lightning
14.https://www.semanticscholar.org/paper/b0996b802a708b4a9059db1£1025f00b05f57d9¢
15.https://www.semanticscholar.org/paper/9d0373fc7ec84b0913074836¢14427de05c83d8f
16.https://www.weather.gov/safety/lightning-science-electrification
18.https://studykaki.com/how-is-lightning-formed/

20.https://quran.com/en/ar-rad/12-13

21.Vladimir A. Rakov, Martin A. Uman, Lightning: Physics and Effects, Cambridge
University Press, 8 Jan 2007.

22.D.J. Allen, et all, Lightning NO x Production in the Tropics as Determined Using OMI NO
2 Retrievals and WWLLN Stroke Data, http://dx.doi.org/10.1029/2018JD029824.

23J. Mao, et all, Global Impact of Lightning-Produced  Oxidants,
https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/2021GL095740

24.Louis Wai Yip Liu, et all, Harvesting Atmospheric lons Using Surface Electromagnetic
Wave Technologies, Advances in Technology Innovation, vol. 2, no. 4, 2017, pp. 99 — 104.
25.Ghitha Nadhira Azka Rahiemy, et all, Optimizing Atmospheric lon Harvesting Electrodes
with Graphene for Clean Energy Generation Based on Capacitive Properties and Energy
Storage, Phys. Comm. 8 (1) 2024 : 5 — 14, http://journal.unnes.ac.id/nju/index.php/pc.
26.Thea M. Edwards, et all, Ammonia and aquatic ecosystems — A review of global sources,
biogeochemical cycling, and effects on fish, Science of The Total Environment, Volume
907, 10 January 2024, 167911.

27.Aminur Khosru Rahman, Islamic Environmental Ethics: A model for shaping Muslim
attitudes in helping to promote environmental education, awareness and activism, Masters of
Research in Islamic Studies, University of Wales Trinity Saint David, 2022.

1647

@ebz
@) prima
PT EBIZ PRIMA NUSA isa



https://www.popularmechanics.com/science/energy/a64176186/wireless-power-beaming/
https://distantreader.org/stacks/journals/aiti/aiti-421.pdf
https://pubmed.ncbi.nlm.nih.gov/33927054/
https://journals.ametsoc.org/view/journals/atsc/37/1/1520-0469_1980_037_0179_anfbl_2_0_co_2.xml
https://journals.ametsoc.org/view/journals/atsc/37/1/1520-0469_1980_037_0179_anfbl_2_0_co_2.xml
https://en.wikipedia.org/wiki/NOx
https://www.semanticscholar.org/paper/121e3ae53fd5ea83adc4e4544b274877fa9717fb
https://www.semanticscholar.org/paper/f966b52ce900298f9895d551f0d946a0ef276706
https://en.wikipedia.org/wiki/Lightning
https://www.semanticscholar.org/paper/b0996b802a708b4a9059db1f1025f00b05f57d9c
https://www.semanticscholar.org/paper/9d0373fc7ec84b09f3074836c14427de05c83d8f
https://www.weather.gov/safety/lightning-science-electrification
https://studykaki.com/how-is-lightning-formed/
https://quran.com/en/ar-rad/12-13
https://www.google.co.id/search?tbo=p&tbm=bks&q=inauthor:%22Vladimir+A.+Rakov%22
https://www.google.co.id/search?tbo=p&tbm=bks&q=inauthor:%22Martin+A.+Uman%22
https://www.sciencedirect.com/journal/science-of-the-total-environment
https://www.sciencedirect.com/journal/science-of-the-total-environment/vol/907/suppl/C
https://www.sciencedirect.com/journal/science-of-the-total-environment/vol/907/suppl/C

