
DRONE RANGER for Fighting Wildfires 

Abstract  

According to the National Interagency Fire Center, there were a total of 70,423 wildfires 

reported in the United States in 2024. The Drone Ranger (DR) represents a cutting-edge 

innovation in wildfire mitigation, combining advanced technologies to address the challenges 

posed by increasingly frequent and destructive wildfires. DR is a thermoelectricity and hydrogen 

powered drone made of stainless steel with tantalum hafnium carbide coating for unparalleled 

heat resistance and durability in extreme environments. DR is equipped with infrared cameras to 

detect heat sources and has a unique AI-trained camera network to monitor forest conditions and 

fires. DR uses a sophisticated Advanced Pressure Swing Adsorption system to mitigate wildfires 

filtering out atmospheric nitrogen and recycling wildfire generated carbon dioxide. Despite 

challenges related to cost and system complexity, the Drone Ranger offers a visionary approach 

to wildfire management, combining sustainability, technological innovation, and operational 

effectiveness. 
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DRONE RANGER for Fighting Wildfires 

Present Technology 

A wildfire is a large, uncontrolled, destructive fire that spreads quickly over dry biomass and emits many 

greenhouse gases. In 2023, there were 56,580 wildfires reported in the United States and wildfire smoke 

exposure is estimated to contribute to nearly 16,000 deaths each year. Forest fires have many effects on the 

environment like loss of vegetation/habitat, soil erosion and poor air quality. Smoke contains particulate 

matter, carbon monoxide, and other harmful emissions, causing diseases of the lungs, heart, brain, 

etc. Wildfires also simultaneously impact the climate by releasing large quantities of carbon dioxide. In 

2022, 5.3 billion tons of carbon dioxide and other greenhouse gases were released due to wildfire, 

contributing to global warming. Approximately $394 billion is spent every year and $15.5 billion worth of 

property destroyed as of 2022. 

Current methods to stop or mitigate wildfires focus on a combination of prevention, early detection, active 

suppression, and post-fire restoration. Wildfires require a lot of water and fire retardant dropped from planes 

and helicopters to extinguish them. Firefighting drones, equipped with various sensors and technologies, are 

being increasingly used to assist in both fire detection and firefighting operations. Surveillance drones, 

equipped with high-resolution cameras and thermal imaging, help detect hotspots and monitor fire behavior 

in real-time. Mapping drones create instant maps of the fire, aiding firefighters in understanding its spread 

and planning containment strategies. Some drones are designed to deliver water or fire retardant to aid in 

controlling fire. Currently there are 2 types of drones to fight fires: [1] UAV firefighting drone uses bombs 

to disperse oxygen complemented with a water extinguisher to suppress fires. The major disadvantage of 

this drone is that it can stay up for 45 mins at a time, can take only one bomb, and carry a small water load 

of max 15 kg. [2] Search and Rescue Drone [JOUAV CW-30E VTOL] uses thermal cameras and AI to find 

hotspots but only has 6 hours of flying time, 8 kg payload capacity and 20°C to 50°C operating heat. 
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Limitation: Although the advantages of firefighting drones are access to remote and hazardous areas, 

reduced risk to human life, real time accurate data and operational efficiency, but the limited payload 

capacity and battery life restricting their operational duration must be improved to enable efficient 

controlling of wildfires. Additionally, using water or foam to control fire is not the best method as the drones 

can carry only so much water and once used up, water may not be readily available everywhere to replenish 

the drones to continue extinguishing the fire. 

History 

The use of drones in firefighting is a relatively recent development, but it has gained significant momentum 

in the past two decades. Here is an overview of the history of firefighting drones: 

Around 200 BCE, ancient Rome established the "Vigiles," the first firefighting force, while the Great Fire of 

London in 1666 spurred the development of organized firefighting methods. In the 18th and 19th centuries, 

milestones included Benjamin Franklin founding the Union Fire Company in 1736, George Braithwaite's 

creation of the first steam-powered fire engine in 1829, and Cincinnati forming the first professional U.S. 

fire department in 1853. Simultaneously, the early concept of drones emerged in 1849 with the Austrian 

military using unmanned explosive balloons. The World Wars and Cold War era saw rapid advancements, 

from the 1916 "Aerial Target" pilotless aircraft to 1940s radio-controlled planes and the development of 

UAVs during the 1950s-60s.  

1. Early Development (Pre-2000s) Unmanned Aerial Vehicles (UAVs): The concept of UAVs, which later 

evolved into drones, dates to the early 20th century and were primarily used for military purposes. In the 

1990s advancements in drone technology, like GPS systems, remote sensing, and miniaturized cameras laid 

the groundwork for the eventual use of drones in fire management. 

2. 2000s The Birth of Civilian Drones: By the early 2000s, small, lightweight drones were developed and 

used for disaster management and firefighting. 2001-2002: Early use of UAV in fire management was by 
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USDA to monitor wildfires from the air. 2005: Drones were used to survey wildfires and identify hotspots 

that were difficult for ground teams to access. 

3. 2010s Expansion and Innovation: Drones became more affordable, compact, and equipped with better 

sensors (thermal cameras, LiDAR, infrared cameras, and gas sensors) which allowed fire detection/mapping 

/monitoring and air quality and gas monitoring. 2014: California began experimenting with drones to help 

manage wildfires. Drones with water-dropping capabilities began to emerge. 2016: In Canada, drones were 

used to monitor wildfires in remote areas. 2017-2018: Australia, Portugal, and US began incorporating 

drones for surveillance and some firefighting tasks during major wildfire seasons. 

4. 2020s Maturity and Integration: By the early 2020s, firefighting drones were not only used for 

surveillance and mapping but also for direct firefighting tasks which included large-scale water-dropping 

drones, fire retardant and foam delivery to certain areas.  

The history of firefighting drones shows a rapid evolution from simple surveillance tools to advanced 

multi-functional machines capable of directly assisting in firefighting efforts.  

Future Technology 

The innovative Drone Ranger (DR) is a revolutionary, all-encompassing drone that helps combat wildfire by 

utilizing a cutting-edge Advanced Pressure Swing Adsorption (APSA) system to spray nitrogen filtered out 

from the atmosphere and carbon dioxide recycled from the wildfire itself, thereby not limiting its payload 

capacity by carrying the extinguishing agent and allowing the drone to function 24/7. Equipped with 

infrared cameras and machine learning, this smart DR is hydrogen and TEG powered which allows a long 

operational life for the DR to extinguish the fires efficiently.  
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Overview of the Drone Ranger: 

a. DR Exterior and Components: The DR is made of 330 stainless steel (melting point of ~1500°C) with 

a tantalum hafnium carbide (THC) exterior coating (melting point of 4215 °C, used in rocket nozzles) to 

resist the spread of flames and provide a fireproof coating against the intense heat produced by the fire. DR 

is equipped with infrared cameras and smoke detectors to detect heat sources and help monitor remote or 

difficult-to-access areas. DR also has a unique AI-trained camera network which uses data from cameras, 

satellites, other drones and meteorologists to monitor forest conditions and fires. DR collects important data 

on fire behavior, weather conditions, and terrain, which can be used for predicting fire behavior and 

improving firefighting strategies.  

b. Advanced Pressure Swing Adsorption (APSA) System: DR is equipped with a sophisticated fire 

suppression NITROGEN firing system as nitrogen does not decompose or produce any by-products when 

exposed to a flame. The APSA system will contain multiple layers of adsorbing materials so that when 

compressed air at elevated pressure is passed through it, selective adsorption of gases occurs. Air will be 

drawn from the atmosphere and passed sequentially through adsorbing agents like alkaline pyrogallic acid 

(APA, adsorb oxygen) → palladium (adsorb hydrogen) → zeolite (adsorb both nitrogen from air and carbon 

dioxide generated in the fire).  The zeolite will then be heated to release the trapped nitrogen and carbon 

dioxide and directed through a static eliminator nozzle to ensure it is safely and efficiently sprayed onto the 

wildfire for suppression. This approach will help slow the spread of the fire and extinguish it by reducing 

the oxygen available to the flames. The lightweight APSA system inside the DR allows it to remain 

maneuverable and the tantalum hafnium carbide coating will make it resilient in high-temperature 

environment.  

c. Thermoelectric and Hydrogen-Powered Drone for Extended Operation: The DR is powered by 

hydrogen and thermoelectricity, which makes it energy-efficient and environmentally friendly, CO2-neutral, 
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only residual product is water vapor which can be cooled to spray on the fire. This energy setup could allow 

it to operate for extended periods, even in extreme heat conditions. [i] Hydrogen offers a high energy 

density, crucial for DR performance, especially during long missions. The APA and palladium will be heated 

to release the adsorbed hydrogen and oxygen, respectively, which will be stored in a tank connected to a fuel 

cell where an electrochemical process allows both gases to produce electrical energy to power the DR.       

[ii] Thermoelectric generator (TEG) converts heat directly into electrical energy using the Seebeck effect. 

The TEG could potentially harness heat from wildfire, generating power for its flight and operations. The 

components of TEG are made of silicon germanium (SiGe) for above 500°C; the hot side (heat source) will 

be outside the drone and the cold side (heat sink) will be cooled by liquid nitrogen inside the drone. The 

temperature difference between the hot and cold junctions will create an electric voltage across the 2 sides, 

which is harnessed as electrical power through the Seebeck effect. This hybrid powering system should be 

able to provide at least 6000-mile remote operation with flying time up to 20 hours, ensuring continuous 

operation over large areas of the wildfire.  

Breakthrough 

1. Maximizing a Small-Scale System for High-capacity, High-efficiency Advanced Pressure Swing 

Adsorption (APSA) System: For our DR to function effectively, it is critical that it incorporates the APSA 

process, which relies on adsorbent materials to adsorb the gases essential for firefighting, nitrogen displaces 

oxygen to reduce its availability, while carbon dioxide suffocates flames. Our advanced PSA (APSA) 

system uses a 3-layer adsorbing matrix: alkaline pyrogallic acid, palladium and zeolite to adsorb oxygen, 

hydrogen, nitrogen/carbon dioxide, respectively. The existing adsorbent materials lack the capacity and 

selectivity needed to capture these gases efficiently under the rapid cycling conditions required for DR 

operation. To address this, advancements in adsorbent materials, such as nano-engineered adsorbents with 

increased porosity and hybrid materials combining selectivity and durability, are essential. Additionally, 

implementing low-energy desorption techniques to regenerate these materials quickly will ensure the APSA 
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process operates rapidly and efficiently. By optimizing the APSA process to prioritize the capture and 

utilization of nitrogen and carbon dioxide, the DR can achieve the speed and functionality necessary to 

serve as a fast, eco-friendly, and effective wildfire suppression tool. The complexity of real-time gas 

separation via the APSA system requires a breakthrough for further optimization to ensure consistent 

performance under dynamic field conditions. A breakthrough is required to optimize the APSA process into 

a high-performance system using high-capacity compressor to force large volumes of air through the highly 

adsorbent beds. 

2. Thermoelectric and Hydrogen-Powered Drone for Extended Operation:   

One of the main challenges in DR is autonomous and sustainable power for longer flight time to suppress 

fire continuously without gaps and delay. DR uses the thermoelectricity and hydrogen fuel for extended 

operations. The efficiency of TEG is relatively low compared to other forms of power generation and 

depends on the temperature difference and the thermoelectric materials used. A large temperature difference 

is required to generate a significant amount of electricity. A breakthrough is needed to optimize the 

efficiency of TEG as well as be able to use the adsorbed hydrogen/oxygen from the atmospheric air to be 

electrochemically processed easily and efficiently inside a small drone to produce the electrical energy to 

operate the drone. 

Experiment to test if APSA works: 

2 contained fires will be ignited using equal amount of same fuel and will be extinguished using [i] water 

bombs and [ii] nitrogen using our APSA system in DR, to evaluate if nitrogen is a better extinguisher than 

water. Times to extinguish each fire will determine which is better. We observed that the time taken for 

water vs. nitrogen to completely put out the fires were 6 minutes vs. 2 minutes, respectively. Additionally, 

there was a rebound of the fire slightly when water was used as oxygen in the air was not completely 

displaced when compared to using nitrogen since the APSA system adsorbed the oxygen and hydrogen from 
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the air prior to spraying the nitrogen over the fire to extinguish it.  This proves that our APSA system which 

sprays nitrogen is a better and stronger fire extinguisher than water in case of wildfire. 

Design Process: 

1. Pressure Swing Adsorption (PSA) vs Membrane Separation Technique (MST) for nitrogen:  

Initially we decided to use the membrane separation method, where air is passed through a semi-permeable 

membrane that allows oxygen to diffuse through more easily than nitrogen (retained) due to differences in 

molecular size and diffusivity. However, MSTs often suffer from inconsistent separation efficiency due to 

membrane fouling, pressure drops, and limited adaptability to varying gas compositions. They also require 

frequent maintenance and replacement, making them less suitable for real-time applications like firefighting. 

Moreover, their separation process lacks the precision necessary for handling diverse gas mixtures under 

dynamic conditions. Other methods like Cryogenic distillation where components of air are cooled to 

extremely low temperatures, where the different gases liquefy at different points, are a very tedious and non-

feasible method inside a drone. So, finally we decided to use the PSA technique where air is passed through 

a bed of different adsorbent materials under pressure and the adsorbents preferentially adsorbs oxygen, 

hydrogen, nitrogen and carbon dioxide which later can be released under low pressure to be sprayed via a 

nozzle to mitigate the wildfire. 

2. Why nitrogen as a fire extinguishing agent instead of water? 

Since water is one of the most widely used fire extinguishing agents, we wanted to use water bombs. But 

water needs to be carried inside the DR and will incur a bigger payload and may be difficult to replenish 

once depleted. We preferred nitrogen for DR because of its abundant availability, inert nature and ability to 

displace oxygen and suffocate a fire making it an excellent potential fire suppression tool. We also planned 

to utilize the carbon dioxide generated from the wildfire itself to mitigate the fire, doubling up on the 

extinguishing agents. We realized that CO2, when used in conjunction with nitrogen, would not only help to 
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displace oxygen but also work to cool the fire more rapidly, as CO2 has a higher heat absorption capacity 

than nitrogen. This combination of gases allowed us to address both the lack of oxygen and the heat from 

the fire simultaneously, significantly improving the overall fire suppression effectiveness. The use of CO2 

would help to extinguish the fire quicker by reducing the temperature and limiting the combustion process 

more efficiently. A good combination of gases with unlimited availability in a wildfire will be the best! 

3. Thermal cameras vs. Infra-red cameras with AI integration to detect and monitor wildfire:  

Thermal cameras are widely used for detecting heat signatures but face significant limitations compared to 

infrared cameras enhanced with artificial intelligence (AI). Thermal cameras rely on detecting heat 

differences, which can result in inaccuracies in environments with overlapping heat sources or complex 

backgrounds. They struggle to distinguish objects of similar temperature, offer lower resolution, and lack 

computational capabilities for real-time decision-making. In contrast, infrared cameras capture a broader 

spectrum of infrared light, providing higher resolution and more detailed imaging. When integrated with AI, 

these cameras can analyze patterns, classify objects, and detect anomalies with precision, such as 

distinguishing between humans and animals based on motion, shape, and heat distribution in complex 

settings. AI algorithms also enable adaptive learning, improving detection and recognition performance over 

time. Infrared cameras with AI overcome the limitations of thermal cameras by offering superior imaging 

accuracy, real-time object classification, and adaptability to dynamic environments, making them ideal for 

applications like surveillance, wildlife monitoring, and search-and-rescue operations where precision and 

reliability are critical. Hence we chose infra-red over thermal cameras for a wildfire mitigation by the DR. 

4. Powering the DR: 

Initially, we envisioned powering DR with Photoelectrochemical Cells (PECs), which convert solar energy 

directly into chemical fuel, offering a sustainable and efficient power source. However, the smoke and 

particulate matter generated by fires would significantly obstruct the sunlight necessary for PECs to function 
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effectively, rendering this approach impractical. We then explored the possibility of utilizing a 

Thermoelectric Generator (TEG) to harness the heat generated by fires, converting thermal energy into 

electrical energy. While this approach offered potential, the power output of TEGs is relatively low, limiting 

their suitability for powering a drone capable of sustained flight and firefighting operations. After careful 

consideration of these alternative power sources, we determined that a hydrogen generator offers the most 

promising solution. By extracting hydrogen from the surrounding air, the drone can generate its own fuel, 

ensuring a reliable and efficient power supply. This combined with the power of TEGs would power the 

drone efficiently whilst using the resources around us. This approach overcomes the limitations of PECs and 

TEGs, providing a robust and sustainable power source for DR, enabling it to effectively combat fires in 

challenging environments. 

5.Material of the Drone to make it ultimate Fire Resistant 

Initially, DR was conceptualized with a nickel-based structure. However, its weight and susceptibility to fire 

rendered it unsuitable for the rigorous demands of firefighting. While tungsten offered superior heat 

resistance, its density made it impractical for aerial applications. Stainless steel grade 330 (melting point of 

~1500°C), though durable, still lacked the necessary fire resistance. To address these limitations, a 

groundbreaking solution was devised: a tantalum hafnium carbide exterior coating (melting point of 4215 

°C, used in rocket nozzles) was applied to the stainless steel structure to provide a fireproof coating against 

the intense heat produced by the fire. This innovative approach significantly enhanced the material's fire 

resistance, enabling DR to withstand the intense heat and flames of wildfires. By combining the strength and 

durability of stainless steel with the exceptional fire resistance of the coating, DR achieves a robust and 

reliable design that empowers it to effectively combat wildfires in challenging environments.  
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Conclusion 

Drone Ranger is the latest advancement in firefighting technology, powered by sustainable thermoelectricity 

and hydrogen, and equipped with sophisticated Advanced Pressure Swing Adsorption system to mitigate 

wildfires using atmospheric nitrogen and wildfire generated carbon dioxide. DR also actively removes CO2 

from the atmosphere, helping to mitigate the greenhouse gas emissions from wildfires and assists in 

restoring the balance of ecosystems by reducing carbon footprint. Moreover, the AI-driven system, coupled 

with infrared cameras, allows for precise detection and prioritization of high-risk areas, enhancing 

operational efficiency. 

However, reliance on renewable energy sources may limit operational capability during unfavorable weather 

conditions and scaling up the technology to capture significant amounts of nitrogen and carbon dioxide 

might be challenging and resource intensive. Lastly, the complexity of real-time gas separation via the 

APSA system requires further optimization to ensure consistent performance under dynamic field 

conditions. Despite these challenges, the Drone Ranger offers a visionary approach to wildfire management, 

combining sustainability, technological innovation, and operational effectiveness.  
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