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EXECUTIVE SUMMARY

Gas-sensor wildfire detection has gained attention as a potential solution for early ignition
alerts. The idea is appealing: low-cost, widely distributed sensors capable of identifying
combustion gases before smoke becomes visible above the treetops. Yet the engineering,
physics, and economics behind these systems reveal constraints that are often overlooked.

Achieving a rapid, meaningful detection window — such as within five minutes of ignition —
would require extremely dense sensor placement, far beyond what is financially viable for
forests, plantations, parks, or remote estates. At densities that are workable in practice,
detection times increase significantly. Public information from gas-sensor vendors describes
detection ranges of 30 to 60 minutes depending on sensor spacing, airflow, and
environmental conditions, reflecting the inherent lag tied to gas dispersion and ground-level
sensing.

This white paper examines these factors through established scientific research,
atmospheric-dispersion principles, and operational field realities. It also discusses calibration
requirements, environmental sensitivity, and the reliability challenges of large multi-hop
LoRaWAN mesh networks in complex terrain.

Furthermore, it shows how reliance on late-arriving signals increases operational risk and
explores faster, field-proven alternatives that better support early response, suppression,
and community protection.



INTRODUCTION

Wildfire detection technologies vary widely in their approach, cost, and effectiveness.
Gas-sensor networks have emerged as one proposed method for identifying ignitions by
analysing the chemical signatures released during early combustion. In theory, these

III

systems offer the ability to “smell” a fire even before smoke becomes visible above the

canopy.

However, real-world constraints — including gas dispersion behaviour, terrain, humidity,
canopy density, and economic feasibility — significantly influence detection performance.
To achieve meaningful early detection, such as within a few minutes of ignition, the required
sensor density increases dramatically. This leads to substantial financial, logistical, and
operational challenges across landscapes measured in thousands or millions of hectares.

At lower, practical densities, gas-sensor networks detect fires later, with publicly available
vendor information referencing detection times of 30-60 minutes depending on
placement and environmental conditions. These figures align with established scientific
understanding of gas movement, dilution, and sensor threshold behaviour.

This white paper evaluates the practical limitations of gas-sensor wildfire detection. It
examines:

the physics of combustion-gas transport

the relationship between sensor density and detection time
calibration and baseline drift in metal-oxide gas sensors
environmental and canopy influences

the behaviour of multi-hop LoRaWAN mesh networks in forests

cost modelling for large-scale deployments

The goal is not to critique any specific company or product, but to present a clear,
evidence-based analysis of the underlying engineering realities. Understanding these
constraints helps decision-makers choose technologies that support timely, reliable
detection — a critical factor in containing fires while they remain small and manageable.



Why Smoke Is Generally Detected Earlier Than Gas in
Real-World Conditions

Wildfire detection begins with understanding how different signals behave.

o Smoke plumes: As a fire burns, smoke rises due to thermal buoyancy, often
becoming visible within minutes as it ascends above surrounding vegetation. This
visibility is aided in open terrain or from elevated camera positions.

o Heat signatures: Satellites and infrared sensors require the fire to produce a large
enough thermal signal to exceed background heat. This usually means waiting until

the fire has grown in size or intensity, which takes longer than the first visible smoke.
e Gas emissions: Combustion gases such as carbon monoxide and hydrogen must drift
to a ground-based sensor in detectable concentrations. This depends heavily on wind
direction, wind speed, terrain, vegetation, and the fire’s burn rate. (De Rango,
Furnari, Cortale, Senatore, & Mendicino, 2025). Dryad’s CEO has publicly stated that
detection can take 60 minutes under their recommended spacing of 100 metres.
(Brinkschulte, 2023). Recent controlled-fire experiments with 44 CO, sensors confirm
this challenge: even when combined with Al models such as LSTM, detection times
varied widely. Some sensors downwind detected within 10 minutes, but full network
activation took 40—90 minutes, depending heavily on wind and distance (De Rango et
al., 2025). The latest academic reviews (e.g., Zhang, Li, Chen, Wang, & Zhao, 2025)
note laboratory progress in electrochemical gas sensors, exploring nanomaterials and

Al-enhanced arrays. Yet these remain research-stage concepts; none have resolved
the fundamental field barriers of drift, cross-sensitivity, and delayed gas transport
that limit reliable wildfire detection.
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Smoke plume in the right corner, detected within minutes of ignition by exci’s Al-powered wildfire detection system through the Dulong
Camera


https://www.exci.ai/real-time-satellites-limitations/
https://www.exci.ai/real-time-satellites-limitations/
https://www.sciencedirect.com/science/article/pii/S145239812500118X
https://www.exci.ai/how-it-works/

From a physics standpoint, smoke is generally detected first because it travels directly
upward and can be seen once it clears visual obstructions, whereas gas disperses laterally
and requires environmental transport before it can be measured.

Dryad Networks as an Example of Gas-Sensor Constraints

Dryad’s “Silvanet” system is one of the most talked-about commercial gas-sensor offerings.
Their pitch: solar-powered sensors in a LoRa mesh network, scanning for gases every
minute. A smouldering 2x2 metre fire within a 100 metre radius, they say, can be detected
within an hour — faster with denser sensor spacing.

By industry standards, a one-hour detection window cannot reasonably be considered
ultra-early detection. Under hot, dry, windy conditions, an hour is long enough for a fire to
take an entire plantation block. Plantation compartments commonly less than 50 hectares

(Forestry Corporation of NSW, 2018), and model outputs for pine plantations show fire
spread rates of 40—-100 metres per minute — about 2—6 km per hour — under high fuel load

and wind, meaning a block can be fully burned in well under an hour (Cruz, Gould,
Alexander, Sullivan, McCaw, & Matthews, 2015).

Reputation at Risk
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The Dangers of Over-Promising


https://www.forestrycorporation.com.au/__data/assets/pdf_file/0009/439416/Yield-Forecasts_hardwood-plantations.pdf
https://research.csiro.au/firemodelsguide/
https://research.csiro.au/firemodelsguide/
https://research.csiro.au/firemodelsguide/

Dryad recommends 0.7-1 sensor per hectare in high-risk areas (Dryad Networks, n.d.-f). At
0.7 sensors per hectare, the effective radius drops to about 67 metres, which might cut
detection time to 30—45 minutes — still far too long in bad conditions. And that’s assuming
perfect airflow.

Additionally, the system’s so-called ‘built-in Al’ requires context to interpret correctly. The
Bosch BMEG688 gas sensors they use don’t think for themselves. Bosch’s BME688-based
solutions require application-specific model training via BME Al-Studio; deployments also
depend on local baselines and calibration (Dryad Networks, n.d.-h) to manage drift across
humidity, temperature, and background VOCs (Bosch Sensortec, n.d.; Bosch, 2022). These
challenges are well-documented in the literature: MOS sensors such as the BME688 are
prone to cross-sensitivity, long-term drift, and environmental dependence, all of which can
affect reliability in field conditions. Changes in vegetation type, humidity, or background

pollution can increase the likelihood of false positives or missed detections (Ali et al., 2025).

And because there’s no visual input, the system can’t confirm ignition or distinguish wildfire
gases from a campfire, vehicle exhaust, or a burn-off.

That brings us to the next problem: cost.

The Bill for Scaling Gas Sensors

Before looking at the numbers, it’s important to note: these figures are based on data
provided directly by Dryad’s own documentation, including sensor coverage radius,
installation time, and gateway ratios.

Dryad claims that a 2x2 metre surface fire can be detected within 60 minutes when sensors
are spaced 100 metres apart (Dryad Networks, n.d.-f). To cut that detection time down to
just 5 minutes, the sensors would need to be spaced at ~8.3 metres. At this point, the
economic feasibility begins to break down. At 100-metre spacing, Dryad’s system may
appear workable on paper. But push toward a 5-minute window, and the geometry makes
the costs explode into the billions.

Dryad’s Recommended Spacing

Dryad specifies that in high-risk areas, between 0.7 and 1.0 sensors per hectare are needed,
while in low-risk areas 0.1 sensors would be sufficient (Dryad Networks, n.d.-g; Dryad.de,
n.d.). However, the following calculation, based on Dryad’s own ratios, focuses on the costs
of protecting a high-risk, valuable plantation of 310,000 hectares.


http://google.com/url?q=https://www.mdpi.com/2227-9040/13/7/230&sa=D&source=docs&ust=1756413090292358&usg=AOvVaw1hOSCb1tjxQQ7bUY-u7vsa
http://google.com/url?q=https://www.mdpi.com/2227-9040/13/7/230&sa=D&source=docs&ust=1756413090292358&usg=AOvVaw1hOSCb1tjxQQ7bUY-u7vsa

High-Density Deployment (0.7 sensors/hectare)

® Sensors: 217,000 units

e Hardware @ =AUD 75-85 each (=€48-50) — industry reporting cites Dryad’s sensors
selling for €48 (~USS$49): $18.45M (Prisco, 2022), which is confirmed by Dryad itself (Jones,
B., 2023)

e Installation (=30 minutes per unit= $50/hr = $25/unit): $5.43M

e Gateways: 2,170-3,100 Mesh ($3.2—6.7M) + 109-155 Border ($0.25-0.5M)

e Total = $27-30M AUD

High-Density Deployment (1.0 sensor/hectare)

Sensors: 310,000 units

Hardware: $26.35M

Installation: $7.75M

Gateways: 3,100 Mesh ($4.6—9.3M) + 155 Border ($0.36-0.7M)
Total = $39-43M AUD

At this stage, the numbers are high but not yet catastrophic. The real test comes when you
attempt to shorten detection times to a useful five minutes.

DRYAD SENSOR
DENSITY DILEMMA

0,7 SENSORS 1 SENSOR
PER HECTARE PER HECTARE
Detection time 100 m radius for
increases 60 min detection
significantly: of 2x 2 m fire

over 60 minutes



Why the Numbers Jump So Fast

Here is where geometry changes everything.

Linear thinking (too optimistic): Shrinking sensor spacing from 100 m to 10 m
sounds like just 10x more sensors.

Reality (geometric scaling): Sensors must be closer in both directions — north—south
and east—west. That means 10x x 10x = 100x more density.

Wildfire dynamics: Gases spread across the landscape, not in a straight line. To cut
detection time to 5 minutes, spacing must drop to ~8.3 m — about 145 sensors per
hectare, a brutal quadratic increase.

This geometric scaling effect is the underlying reason sensor counts leap from hundreds of

thousands into the tens of millions, and costs from tens of millions into the billions.

Ultra-High-Density (5-Minute Detection) Scenario

Armed with that geometry, let’s look at what Dryad’s own parameters mean in practice.

Linear scaling assumption (optimistic)

Shrinking spacing from 100 m — 8.3 m = 45.8 sensors/ha — 14.2M sensors
Hardware: $1.21B

Installation: $355M

Gateways: 142,000 Mesh ($206—-391M) + 7,100 Border (5S18-36M)

Total = $1.8-2.0B AUD

Geometric scaling (realistic)

Density scales quadratically (north—south x east—west). Reducing spacing by ~12x

means ~144x more sensors.

Result: 145 sensors/ha — 45M sensors

Hardware: $3.82B

Installation: $1.12B

Gateways: 450,000 Mesh ($652M-1.24B) + 22,500 Border ($56—112M)
Total = $5.65-6.29B AUD

In other words, the attempt to reach meaningful detection times doesn’t just inflate costs —

it can render them unworkable for most operators.



LINEARVS. GEOMETRIC SCALING

LINEAR
SCALING

10x = 1x =10x
MORE

»
10x x1x=10x MORE

Gateway Infrastructure

GEOMETRIC
SCALING

10x x 10x =100x
MORE

10x x10x=100x MORE

Of course, sensors do not operate in isolation. They depend on a vast backbone of gateways,

which multiplies the cost problem even further.

Dryad specifies that each Mesh Gateway supports ~100 sensors, and each Border Gateway

supports ~20 Mesh Gateways (Dryad Networks, n.d.-d; Dryad.de, n.d.). Applying those ratios

at scale:

® At 14.2M sensors (linear scenario) — 142,000 Mesh Gateways and 7,100 Border

Gateways.

® At 45M sensors (geometric scenario) — 450,000 Mesh Gateways and 22,500 Border

Gateways.

That alone adds hundreds of millions in gateway and installation costs, before even

considering maintenance, connectivity, or licensing fees.

Industry norm estimates

Dryad does not publish gateway unit pricing. However, comparable outdoor-grade LoRaWAN

hardware provides a reference point:



e Mesh Gateways: High-end, ruggedised LoRaWAN mesh gateways typically fall in the
USD $300-500 (AUD $450-750) range. For example, the WisGate Edge Pro is listed in
Australia at ~AS715, consistent with the upper end of this range and confirming the
conservative estimate used here. Independent commentary also notes that

“high-end” LoRaWAN gateways generally cost above USS300.

e Border Gateways (Estimated): Dryad provides no public data. Based on industry
practice for outdoor-grade telecom equipment with multi-protocol connectivity, a
cost range of USD $1,000-2,000 (AUD $1,500-3,000) per unit is a reasonable
estimate.

e Installation (Estimated): Factoring labour, working-at-heights certification,
equipment hire, and solar power integration, installation typically adds AUD
$1,000-2,000 per gateway. Again, these figures are conservative estimates rather
than published Dryad pricing.

Using these industry-norm benchmarks with Dryad’s own published gateway ratios, even an
“optimistic” ultra-high-density deployment scenario still drives total infrastructure costs into
the billions — and that’s before annual operating expenses such as maintenance,
connectivity, and licensing fees are considered.

Ongoing Gateway Operating Costs — The Bill That Never
Stops

Maintenance & Field Servicing

Even “low-maintenance” solar-powered gateways aren’t set-and-forget. They require
periodic inspections such as solar panel cleaning, weatherproofing, and battery
replacements every 3-5 years, along with firmware updates and performance checks.
Broader loT total cost of ownership models confirm that these recurring tasks are
unavoidable, since long-term deployments always carry ongoing expenses for device
servicing, updates, and network management (Cavli Wireless, 2023).

Estimated cost: Based on typical maintenance demands, these requirements can add up to
$50-$100 per gateway per year, depending on terrain and accessibility.


https://core-electronics.com.au/wireless/lora/gateways.html
https://core-electronics.com.au/wireless/lora/gateways.html
https://medium.com/%40digital.macnman/what-price-range-do-high-end-and-low-end-lorawan-devices-have-6ac061bfd7e0

Connectivity Costs for Border Gateways

Border Gateways come with built-in connectivity options (4G LTE-M/NB-loT, 2G GPRS,
Ethernet, and satellite in Europe/North America). Yet they still rely on paid network services
to push alerts to the cloud.

At the theoretical low end, connectivity can be surprisingly cheap. AWS loT Core, for
example, charges about $0.08 per million connection minutes, or less than $0.05 per device
annually for continuous connectivity (Amazon Web Services, n.d.). Similarly, European
NB-loT utility deployments can cost under €3 per

year, and LTE-M services in the U.S. often range

between $1 and $3 per month (~$12-36 per year) Connectivity cost ranges
(Spenza, 2025). (per gateway, annual)

Theoretical low-end Field reality for
. . (metering/asset-tracking) wildfire deployments
However, these low figures apply mainly to
. . . . +=50.05 Cellular
high-volume metering or asset-tracking use cases with Law) ,,ef,’m,,ear > (Cat-1/56)
o o i e = $100-$300
minimal data needs. In real-world wildfire detection Y ®  pergatewaylyear
. .. . | SR
scenarios, connectivity costs trend higher. LTE Cat-1 [y | FEEE & satelite
' (] (LEE%.L)\N & robust
and 5G plans frequently range between $2-$10 per =  $12-836 e R
LTE-M | Perdevice/year per gateway/year

month (~$24-120+ per year), which aligns more
Figures from cited sources; device vs. gateway costs differ.

closely with our estimate of $100-$300 annually per
gateway (Spenza, 2025).

In remote areas with poor mobile coverage, satellite may be the only option — and the
priciest. While some narrowband IoT satellite services quote as low as $5-25 per month
(~$60-300 annually), more robust links are often required. BGAN satellite connectivity, for
instance, is estimated at ~$2 per day, or roughly $756 per year (Ground Control, 2024). This
justifies a more conservative allowance of $500-$2,000 per year for satellite connectivity in
field deployments.

Estimated cost: Cellular $100-5300/year; Satellite $500-52,000/year.

Remote Support & Network Management

No matter how “smart” the devices are, someone has to keep the network alive. That means
cloud platform access, remote diagnostics for gateway and sensor health, firmware pushes,
and alert configuration. These hidden costs are well-documented in loT cost analyses, which
emphasise that platform fees and remote operations make up a persistent share of the total
bill (Cavli Wireless, 2023).

Typical access fees: S10-550 per device per year.



At a glance — Estimated Annual Gateway Costs

Cost Type Low Estimate (AUD/year)  High Estimate (AUD/year)
Maintenance & Servicing $50 x gateways $100 x gateways
Connectivity (cellular) $100 x gateways $300 x gateways
Connectivity (satellite) $500 x gateways $2,000 x gateways
Platform access $10 x devices $50 x devices

These recurring costs are not always highlighted in marketing material, yet they accumulate
significantly over time. And unlike the one-off hardware bill, this is a forever cost — scaling
with every new device you deploy. This underlying cost structure can make large-scale gas
sensor networks difficult to sustain financially at scale.

This is compounded by the fact that large-scale LoRaWAN networks already face

well-documented challenges of scalability, interference, and reliability (Maurya, Hazra,
Kumari, Sgrensen, & Das, 2025).

What Dryad’s Published Pricing Indicates

Dryad often points to low unit costs in its marketing. But when you break down both their
own published numbers and industry realities, the true financial picture looks very different.
Independent reporting sheds light on Dryad’s own cost structure (Jones, D., 2021).

For gateways:

Hardware: €120 (~AUD $190)

Installation: €15 (~AUD $25)

Margin: €20 (~AUD S$32)

Total upfront per gateway: ~€155 (~AUD $250)

Annual service fee: 10-15% of hardware cost — €12—18 per gateway per year (~AUD
$20-30).

For sensors:

e Hardware: €48-50 (~AUD $85)
e Installation: €15 (~YAUD $25)


https://www.researchgate.net/publication/387922328_A_Comprehensive_Survey_of_Data-Driven_Solutions_for_LoRaWAN_Challenges_and_Future_Directions
https://www.researchgate.net/publication/387922328_A_Comprehensive_Survey_of_Data-Driven_Solutions_for_LoRaWAN_Challenges_and_Future_Directions

e Margin: €5 (~AUD $8)
e Annual service fee: Not published, but at 10-15% it would be €3-5 (~AUD $5-8) per
sensor each year.

Why This Matters
Even at Dryad’s own low unit pricing, the
service fees scale brutally:
e At 310,000 sensors (their high-density M ATT E RS
example): ~AUD $1.5-2.5M annually.

e At 45 million sensors (the realistic
geometric scaling for 5-minute

detection): ~AUD $225-360M annually. R E A L ITY
And this is only for service fees on the C H E c K
hardware — not counting the connectivity, N E E D E D

platform licensing, or field maintenance costs

already described.

Reality Check: Comparing Published Pricing with Realistic Cost Structures

e Dryad pitch: “Just €12—18 per gateway per year.” (YAUD $20-30)
Industry reality: $100-500+ per gateway per year once you add servicing,
connectivity, and platform fees.

e Scaling impact: At ultra-dense levels, that “tiny” €12 fee morphs into hundreds of
millions in annual costs — every single year.

All of this raises a deeper question: even if you could stomach the upfront and recurring
bills, what about the network itself? The hidden complexity isn’t just in cost — it’s in keeping
a vast LoRa mesh alive. And that brings us to the next issue.



LoRa Mesh: Innovation with Significant Maintenance
Challenges

Dryad’s wildfire detection system uses a patent-pending multi-hop LoRaWAN mesh network.
On the surface, it sounds clever: data hops from sensor to sensor until it reaches a gateway,
then to the cloud. In theory, this extends coverage with fewer internet-connected endpoints.

In practice, it presents significant maintenance challenges and operational risks.
1. Not the LoRaWAN You're Used To

Standard LoRaWAN uses a star-of-stars topology (single hop); multi-hop/mesh approaches
are proprietary or research-grade ( Cotrim & Henrique, 2020; Durand & Booysen, 2025).

Academic reviews have also cautioned that multi-hop and mesh proposals for LoRaWAN are
still research-grade, with unresolved challenges such as scalability, energy awareness, and

complex topologies — making them unsuitable today as generic, field-ready solutions
(Pueyo-Centelles, Freitag, Meseguer, & Navarro, 2021). In rural or forested environments,
propagation is already hampered by path loss, shadowing, and multipath fading, making
multi-hop links particularly fragile (Khonrang, 2023). For this reason, most LoRaWAN
deployments in agriculture, utilities, and smart cities stick with the star topology: every end
device talks directly to a gateway. It is simple, predictable, and well-supported by existing
tools..

Dryad’s multi-hop twist is not standard in commercial LoORaWAN deployments and is better
understood as an emerging approach. Studies show multi-hop can work, but each extra hop

adds latency, packet loss, and routing complexity — often trading reliability for range.

2. Forests Are a LoRa Killer

Dense vegetation, moisture, uneven terrain, and even tree trunks can weaken LoRa signals,
(Ahmed et al. (2022) especially when hopping across multiple nodes.

To function reliably in a forest, a multi-hop mesh needs:

e Precise gateway placement with clear line-of-sight
e Consistent solar exposure for power
e Resistance to interference from wind, wildlife, and canopy obstruction

Research indicates that in dense for nvironments, the effectiv mmunication ran
LoRa devices can drop sharply, forcing the use of more nodes and far more careful planning
than the marketing suggests.


https://www.meshed.network/lorawan/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7435450/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7435450/
https://doi.org/10.1109/MPRV.2021.3063443
https://doi.org/10.1109/MPRV.2021.3063443
https://www.mdpi.com/1424-8220/25/5/1602#:~:text=Although%20nodes%20attempt%20not%20to%20transmit%20simultaneously,node%20can%20lead%20to%20substantial%20packet%20loss.
https://www.mdpi.com/1424-8220/25/5/1602#:~:text=Although%20nodes%20attempt%20not%20to%20transmit%20simultaneously,node%20can%20lead%20to%20substantial%20packet%20loss.
https://www.mdpi.com/2624-831X/6/1/2#:~:text=These%20factors%20adversely%20impact%20signal,node%20for%20orchard%20irrigation%20management.
https://link.springer.com/chapter/10.1007/978-3-031-66850-0_16?utm
https://link.springer.com/chapter/10.1007/978-3-031-66850-0_16?utm

3. More Points of Failure, Not Fewer

Every node in a mesh is another potential single point of failure. If one dies — whether from
weather, wildlife, or battery issues — it can disrupt the whole chain, delaying or blocking
alerts.

And when something goes wrong? Good luck troubleshooting. Mesh networks are

notoriously tricky to debug in the field. Star networks, by contrast, are far simpler to

maintain and generally more reliable.

4, Still Rare in the Real World

For all the hype, large-scale multi-hop LoRaWAN deployments remain rare. Proven star
topologies get the job done with less fuss, lower upkeep, and better industry support.

Dryad’s multi-hop approach introduces additional engineering complexity that can affect
reliability at scale if not carefully engineered and maintained.

Direct-to-Satellite LoORaWAN — Useful, but Not a Silver Bullet

In 2023, Dryad announced a partnership with French satellite operator Kinéis to add direct-to-satellite
connectivity to its Silvanet sensors. On paper, this is a smart move: it sidesteps the fragility of multi-hop
mesh gateways and offers coverage for remote, linear assets like powerlines, pipelines, and railways. Kinéis
is a credible partner, with a 25-satellite loT constellation built on decades of heritage from the French space
agency CNES and CLS (Collecte Localisation Satellites). The hardware itself relies on the proven STM32WL
microcontroller and LoRaWAN stack — stable, mature technologies (Flaherty, 2024).

But this upgrade doesn’t change the fundamental bottleneck: gas drift can take 20-60 minutes to reach
detectable levels, based on publicly available vendor information and peer-reviewed studies. Satellite
uplink only moves data faster once the sensor has something to send; it doesn’t accelerate the physics of
gas dispersion. And while LEO satellite constellations provide global coverage, they also add their own
latency — uplink intervals can mean 1015 minutes of additional delay depending on satellite pass timing,
unless priority channels are purchased. In short, direct-to-satellite makes the plumbing better, but the fire
still waits on the gas.

Even if you assume the mesh works flawlessly — no dropped signals, no failing nodes, no interference from
trees or terrain — the real bottleneck isn’t the network at all. It’s the physics of gas drift. And that delay
alone can stretch detection to nearly an hour.



https://nordvpn.com/cybersecurity/glossary/mesh-topology/#:~:text=Mesh%20topology%20disadvantages%20*%20Setting%20up%2C%20configuring%2C,paths%20data%20can%20use%2C%20troubleshooting%20is%20difficult.
https://nordvpn.com/cybersecurity/glossary/mesh-topology/#:~:text=Mesh%20topology%20disadvantages%20*%20Setting%20up%2C%20configuring%2C,paths%20data%20can%20use%2C%20troubleshooting%20is%20difficult.
https://www.exci.ai/real-time-satellites-limitations/

The Cost of Waiting: Detection and Confirmation Delays in

Gas-Sensor Workflows

On paper, Dryad’s gas sensor network promises ultra-early warning. In reality, its

detection-to-confirmation chain can stretch perilously close to an hour—or longer—before

anyone knows a fire is actually burning.

A step-by-step reality check

Stage

Ignition

Gas emission
reaches sensor

Sensor sends alert

Cloud processing

Drone dispatch
decision

Drone prep &
take-off

Drone flight to fire

Visual confirmation

Time from ignition What’s happening

0 min

20-60 min

+1-2 min

+1-5 min

+5-10 min

+10-20 min

+5-15 min

+2-5 min

A surface fire starts—small, but gaining heat
and fuel.

Fire produces enough CO/H, to cross detection
thresholds. Gases drift 50—-100 m, depending
on wind and terrain.

Alert hops through LoRa mesh — Mesh
Gateway — Border Gateway — cloud server.
(Dryad Networks, n.d.-d)

Data is handled centrally; alerts sent to the
operations centre.

A human operator (or automation) reviews the
alert.

Power-up, pre-flight checks, mission upload.
(JOUAV, n.d.)

Travel at 40-60 km/h to the target area.
(JOUAV, n.d.)

Optical or infrared capture confirms—or
cancels—the alert. (Dryad Networks, n.d.-a)

Total time from ignition to confirmation: ~55-97 minutes


https://www.jouav.com/products/cw-15.html
https://www.jouav.com/products/cw-15.html

Even when combining Dryad’s own descriptions of its workflow with typical enterprise drone

operations, total confirmation time can approach or exceed an hour. But fire doesn’t operate

on lab schedules. While sensors wait for gases to drift, while drones are armed and

dispatched, the fire is already moving.

Fire doesn’t wait for you to catch up

Fires do not pause for detection. In Australian summer conditions—35-40°C, low humidity,
strong winds—even small ignitions can escalate rapidly.

*Approximate ranges, scaled from published spread speeds and fire behaviour models.

Vegetation
Type

Grassland

Shrubland

Eucalyptus
forest

Typical Spread Speed

Up to 25 km/h (pulsing faster)

2—-7 km/h in strong winds

0.5-3 km/h, faster with
spotting/crowning

Area Burned Source
per Hour*

1,500-2,000 Climate Council (2023)
ha/hr

100-300 CSIRO (2020)
ha/hr

20-150 ha/hr  CSIRO (2020)



https://www.climatecouncil.org.au/resources/grass-fires-follow-floods-heres-what-you-need-to-know/
https://www.csiro.au/en/news/All/Articles/2020/January/fast-moving-fires-and-the-science-of-prediction#:~:text=On%20the%20run%20%2D%20Rule%20of,windy%20conditions%20than%20milder%20conditions.%E2%80%9D
https://www.csiro.au/en/news/All/Articles/2020/January/fast-moving-fires-and-the-science-of-prediction#:~:text=On%20the%20run%20%2D%20Rule%20of,windy%20conditions%20than%20milder%20conditions.%E2%80%9D

A bushfire blackens eucalyptus trees in Kakadu National Park in Australia's Northern Territory, October 2013. Image by Tidewater Teddy via
flickr

And pine plantations? They’re a fire’s dream. Uniform fuel loads, dry litter, tight canopies,
and rows that channel wind mean flames can crown and race through entire blocks.

If a system takes an hour to confirm ignition, firefighters are very likely no longer suppressing
a spot fire but are trying to contain a wall of flame.

Those spread rates aren’t just lines on a chart — they translate directly into economic losses.
In Queensland’s pine plantations, an hour lost can turn into billions erased.



The Billion-Dollar Burn Rate

Burning money: Photo by Jp Valery via Unsplash

In Queensland, losing 70,000 hectares of mature pine plantations (average yield 250-300
m¥ha) would mean 17.5-21 million m3 of timber lost (Department of Agriculture and
Fisheries QLD, 2017). At stumpage rates of $100—200/m?3, that equates to AUD $1.75-$4.2
billion in timber value alone (Sustainable Forest Management Australia, n.d.; Private
Forestry Service QLD, 2017). And that’s before you count firefighting costs, carbon release

penalties, or lost jobs. Every minute shaved off detection is worth millions in avoided
damage. Every minute lost is fuel in the fire’s tank.

Faced with these stakes, some argue that drones close the gap. They promise speed,
autonomy, and futuristic fire suppression. But when assessed against the realities of physics
and economics, drones function better as a complementary tool than as a core solution.


https://era.dpi.qld.gov.au/id/eprint/3941/4/Southern%20pine%20final%20factsheet_update%20May%202017.pdf
https://era.dpi.qld.gov.au/id/eprint/3941/4/Southern%20pine%20final%20factsheet_update%20May%202017.pdf
https://www.pfsq.org.au/wp-content/uploads/2020/09/7-Native-Forest-Stand-Products-and-Marketing-Guide-updated-Sept-2017.pdf

The Role and Limits of Drones in Wildfire Operations

Image by Pexels via pixabay https://pixabay. com/photos/drone-flying-camera-remote-control-l866742/

Dryad’s Silvaguard Prototype

Dryad has introduced Silvaguard, a prototype “drone-in-a-box” concept designed to extend
its Silvanet sensor alerts into aerial confirmation. The drone is housed in a solar-powered
hangar that maintains system readiness and charges its batteries. When Silvanet sensors
detect a fire, Silvaguard launches automatically and relays optical and infrared imagery to
responders (De Cristofaro, 2025; Business Wire, 2025).

At this stage, Silvaguard remains pre-commercial. Its function is limited to confirmation and
monitoring, not suppression. Dryad has indicated that suppression may be a feature in
future versions, exploring the use of acoustic wave technology—a method still in very early
research phases and not yet proven outside laboratory settings (Flaherty 2025).

Like all drones of this class, Silvaguard is ultimately constrained by battery endurance and
airspace rules. While Dryad has not published flight times, comparable enterprise drones
(e.g., DJI Mavic 3T, DJI Matrice 30T) advertise maximum endurance of 41-45 minutes under
windless test conditions ([DJI, 2022, 2023]). Real wildfire environments—characterised by



smoke, heat, wind, and canopy obstruction—are known to further reduce operational
endurance.

Heavy-Lift Firefighting Drones: Current Practical Limitations

Some companies suggest scaling up from small quadcopters to heavy-lift drones capable of
carrying hundreds of kilograms of payload. These platforms exist — but almost entirely
outside wildfire operations.

Examples of 300+ kg Payload Drones

Griff Aviation GRIFF 300 — up to 226 kg payload

EHang 216F (firefighting variant) — ~220-260 kg payload.

Elroy Air Chaparral — designed for autonomous cargo flights of ~136-227 kg.
Skyfront Perimeter 8 hybrid — extended endurance, though with significantly lower
payload capacity.

Cost Reality of Firefighting Drones

Drone Type Payload Estimated Cost per Key Limitations
Unit (AUD)

Prosumer multi-rotor  5-10kg  $10,000-530,000 Short flight time, small area

(e.g., DJI Matrice) coverage

Medium-lift UAVs 50-100  $100,000-$300,000 High cost, fuel needs, complex
kg maintenance

Heavy-lift class 300-350 $500,000-$1,500,00 Comparable to small

(300-350 kg) kg 0+ helicopters, airspace

restrictions


https://hseq-360.co.uk/meet-the-worlds-first-heavy-lift-cargo-drone/#:~:text=Examples,%2C%20agriculture%2C%20and%20disaster%20relief.

Why Drones are Not Practical for Fire Suppression at Scale

® Cost: Covering even a single large region
would require hundreds of drones, costing
tens to hundreds of millions before
ongoing maintenance and crew.

o Fuel & Crew Requirements: Many
heavy-lift models are hybrid-electric or
gas-powered, requiring fuel depots,
specialist operators, and dedicated launch
areas.

e Airspace Restrictions: Regulations prohibit
drones from operating freely near manned
aircraft during wildfire suppression,
creating conflicts with water bombers and
helicopters.

Bottom Line

Heavy-lift UAVs showcase impressive engineering, but they are not a practical backbone for
wildfire suppression. Their costs, logistical needs, and regulatory barriers make them closer
to smaller, fussier helicopters than a scalable firefighting fleet.

Acoustic Fire Suppression: Experimental, Not Field-Ready

Dryad has also suggested a future acoustic suppression drone that could extinguish flames
with sound. The concept is rooted in laboratory experiments showing that low-frequency
sound waves (30—60 Hz) can extinguish small flames by disrupting oxygen flow (Shi, Tian, Lu,
& Ye, 2023).

Some research prototypes suggest that combining UAVs and loT nodes could achieve rapid
detection under controlled conditions (Ramadan et al., 2024), but these remain at pilot
scale, not yet validated in active wildfire environments ( Ramadan et al., 2024).

The barriers are fundamental:

e Sound dispersion: Wind scatters energy, vegetation absorbs it, and terrain bends it.

e Energy demand: Lab demonstrations already require 120-130 dB close to the flame.
Outdoors, researchers estimate 150 dB or more would be needed—equivalent to a
jet engine at take-off.


https://www.mdpi.com/2571-6255/8/4/129
https://www.mdpi.com/2571-6255/8/4/129

WILDLIFE DISTURBED BY
ACOUSTIC FIRE SUPPRESSION

® Risks: Such levels pose serious risks to
human hearing, wildlife welfare, and the
environment before they dent a wildfire
front.

Where Silvaguard Stands

Dryad’s prototype today does not suppress fires. Its function is limited to optical and
infrared monitoring. Acoustic suppression is only a future aspiration, still at the
experimental stage.

Bottom Line

Acoustic suppression makes for an eye-catching headline, but at present it remains a
lab-scale curiosity, not a field-ready tool.

Where This Leaves Us

When separating proven performance from ongoing technical challenges — whether it’s
the slow physics of gas drift, the short endurance of drones, or fire suppression concepts still
trapped in the lab — the key question remains: who is already delivering?

The answer isn’t experimental. It’s exci.ai — Al wildfire detection.

exci.ai: Field-Proven Where Others Remain Experimental

exci delivers what gas sensor-based systems and drone experiments have not yet
demonstrated: fast, reliable, and cost-effective wildfire detection at scale.

Through the continuous archiving and curation of imagery from over 1,000 cameras, we
have assembled one of the most extensive — if not the most extensive —annotated datasets
for wildfire detection. This dataset underpins exci’s Al, which has already identified more
than 180,000 wildfires across Australia and North America. exci.ai typically detects smoke

within 1-5 minutes of ignition, even in remote or rugged terrain, with a very low
false-positive rate.


http://exci.ai
https://www.exci.ai/
https://www.exci.ai/
https://www.exci.ai/how-it-works/
https://www.exci.ai/how-it-works/

Unlike gas sensor networks that require hundreds of thousands of units, exci’s solution can
monitor hundreds of square kilometres with a single camera. exci’s Al connects directly to
cameras mounted on towers. In remote areas, solar panels, Starlink, and microwave links
ensure those cameras remain powered and connected. Unlike sensor networks that demand
massive infrastructure, exci’s lean design keeps deployment and maintenance cost effective
and manageable.

Wildfire Detection Coverage:
exci vs. Dryad Networks

50 km
Inideal
visibility

exci
1camera
=706,9 km?2
15 km radius
1 sensor = (recommended)
0.014 km?
of coverage

1 exci camera minimum coverage =
49,500x the area of one Dryad sensor
(dense WUI, 0,7/ha)

exci is fully Australian-made, independently developed, and free from foreign control. That
means no delays, no tariffs, and no compromise on sovereignty or resilience.

In short: exci is faster, simpler, and more affordable. While others talk about what might be
possible one day, exci’s proven technology is already protecting over 40 million
acres—today.

Final Takeaway

In wildfire detection, innovative prototypes or futuristic concepts alone are insufficient. Gas
sensors remain constrained by the physics of drift, drones by battery limits, and suppression
technologies largely in laboratory development. Ultimately, wildfire does not wait; only
speed and reliability matter.



exci is already out there doing the work: scanning millions of hectares, detecting smoke
within minutes, and delivering actionable alerts with near-zero false positives. No reliance
on unproven concepts, speculative scaling models, or technologies that may or may not
become viable in the future.

While others market ideas, we deliver outcomes. And in the race against wildfire, that’s the
only difference that matters—because if it doesn’t work in the field, it doesn’t work at all.



Disclaimer

This white paper is published by exci Pty Ltd for informational purposes only. It reflects
publicly available data, industry standards, regulatory documents, and exci’s operational
experience. The material does not constitute legal, financial, investment, procurement, or
technical advice. Readers should independently verify all information and seek specialist
advice before making decisions.

All references to competitor technologies, methodologies, or pricing are based on
information available at the time of writing and are presented in good faith and without
intent to misrepresent. Any hypothetical examples or cost scenarios illustrate general
principles and should not be interpreted as statements of fact about any specific
organisation.

While every effort has been made to ensure accuracy, exci Pty Ltd makes no representations
or warranties regarding completeness, accuracy, or future performance. Exci Pty Ltd accepts
no liability for actions taken based on this document.

Copyright © 2025 exci. All rights reserved.
Contact: info@exci.ai

International: +61 458 594 554

Australia: 1300 903 940
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