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Infrastructure

Closing the Loop from Planetary Data to the
Connected Worker(2024-2030)



Q Executive Insights

Environmentalintelligence infrastructure (Ell) is emerging as a critical “data layer” for
the climate economy - analogous to GPS for navigation, Bloomberg terminals for
markets, or cloud services for digital applications. Across 2024-2030, environmental
monitoring is shifting from isolated hardware deployments toward integrated data
platforms and analytics. Planetary observation (satellites and climate models), dense
ambient sensor networks, and human-centric wearables are converginginto a four-
layer “Environmental Intelligence Stack.” This stack turns raw environmental data into
real-time decision support for cities, industry, and financial markets. Key developments
include:

* Hardware > Data Platforms: Sales of monitors and |oT sensors are growing steadily
(global monitoring systems ~$14.4Bin 2024 > $20.1B by 20301), but software and
analytics layers are growing faster (e.g. environmental management software
~$24.5B>$57.0Bby 20332). By 2030, platforms offering climate analytics and risk
models will capture most market value.

* Integrated Sensing & Analytics: Satellite earth-observation and climate models will
be fused with ground-level loT and wearable data to enable continuous situational
awareness. For example, WEF/ Deloitte find that the global value of Earth
observation data couldrise from ~$266B today to over $700B by 2030, generating
$3.8 trillionin economic impact by 2030 3. Meanwhile, Gartner projects “earth
intelligence” sector revenues at $4.2 billion by 2030 4 - a tiny fraction of the total
value unlocked.

* Human-Centric Intelligence: The “Connected Worker” (wearables, smart PPE,
biometric sensors) becomes the final node linking environmental exposures to
health, safety and productivity. Today 2.4+ billion workers (=70% of the global
workforce) are regularly exposed to extreme heat 5. Physiological data (heart rate,
core temperature, respiration) can now be combined with local environmental data
to predict and prevent heat stress. Notably, WMO/WHO guidance shows each1°C
increase above 20°C cuts worker productivity by ~2-3% 6.

* Intelligence & Decision Layer: Advancesin Al, cloud computing and digital twins are
enabling new analytics. High-performance “planetary computing” platforms (e.g.
Europe’s Destination Earth initiative) will host climate models and urban digital twins
fed by real-time environmental data?. These platforms transform raw data into
actionable insights forinsurers, investors and infrastructure planners. Forinstance,
insurance firms are already using Al-driven earth-data tools to model losses onreal
asset portfolios 8.

This report quantifies the market scale and drivers of Ell across the four layers, outlines
the evolving ecosystem of hardware and platform players, and provides aroadmap of
how continuous environmental data will be embedded into global decision-making
systems by 2030.
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https://www.grandviewresearch.com/industry-analysis/environmental-monitoring-market#:~:text=The%20global%20environmental%20monitoring%20market,and%20monitoring%20of%20natural%20resources
https://www.grandviewresearch.com/industry-analysis/environmental-management-systems-market-report#:~:text=Environmental%20Management%20Systems%20Market%20Summary
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https://www.ilo.org/resource/news/climate-change-creates-%E2%80%98cocktail%E2%80%99-serious-health-hazards-70-cent-world%E2%80%99s#:~:text=of%20workers%20in%20all%20regions,9%20per%20cent%20since%202000
https://wmo.int/resources/publication-series/climate-change-and-workplace-heat-stress/climate-change-and-workplace-heat-stress#:~:text=,for%20every%20degree%20above%2020%C2%B0C
https://digital-strategy.ec.europa.eu/en/policies/destination-earth#:~:text=services%2C%20breakthrough%20AI%20developments%20and,Twin%20of%20the%20Earth%20system
https://www.reuters.com/sustainability/cop/us-government-pullback-climate-science-fuels-boom-private-data-firms-2025-11-22/#:~:text=BELEM%2C%20Brazil%2C%20Nov%2022%20,analytics%20firm%20based%20in%20London
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The Environmental Intelligence Stack

ENVIRONMENTAL INTELLIGENCE INFRASTRUCTURE

The Environmental Intelligence Stack comprises fourintegrated layers of sensing and
analytics (see Table). Each layer builds on the previous, creating an end-to-end
infrastructure from planetary observation down to human-impact insights.

Layer Primary Examples/Technologies Key Metrics & Players
Components
& Data
1. Planetary  Global Earth-observation Earth-Observation data
Observation satellite satellites (e.g. Copernicus  value: ~$700B by 20303 ..
Layer imagery and Sentinels, NOAA, ESA WEF/ Deloitte: $266B
climate/ satellites), climate today > $700B (2030),

2. Ambient
Sensing
Layer

atmospheric
models, large-
scale
datasets.

Dense
networks of
local sensors
monitoring air,
water, soil,
and industrial
emissions.
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simulation models (e.qg.
ECMWF’s IFS, NASA
GMAO), global
environmental databases
(e.g. NASA EarthData,
Copernicus).

Fixed monitors (air-
quality, noise, radiation),
loT sensor networks,
smart city sensor grids,
industrial stack sensors.
Examples: city-wide
PM2.5 sensor grids,
roadside NO2 monitors,
wastewater sensors,
compliance monitorsin
factories.

yielding $3.8T cumulative
GDP impact (2023-30)3.
Commercial “earth
intelligence” sector:
~$4.2Brevenues by
20304.

loT scale: ~38.7B
connected devices
globally by 20309 (GSMA
forecast). Environmental
monitoring market
(hardware/ systems):
$14.4B (2024) > $20.1B
(2030)1 (CAGR ~5.7%).
Regulatory drivers: EU’s
Ambient Air Quality
Directive (2024) halves
allowable PM2.5 limits
and mandates expanded
monitoring1011


https://www.meteorologicaltechnologyinternational.com/news/satellites/earth-observation-could-drive-us3-8tn-in-economic-growth-by-2030-world-economic-forum-reports.html#:~:text=According%20to%20the%20report%2C%20the,EO%E2%80%99s%20value%20by%202030%2C%20reaching
https://www.meteorologicaltechnologyinternational.com/news/satellites/earth-observation-could-drive-us3-8tn-in-economic-growth-by-2030-world-economic-forum-reports.html#:~:text=According%20to%20the%20report%2C%20the,EO%E2%80%99s%20value%20by%202030%2C%20reaching
https://www.reuters.com/sustainability/cop/us-government-pullback-climate-science-fuels-boom-private-data-firms-2025-11-22/#:~:text=Revenues%20for%20the%20earth%20intelligence,new%20revenue%20growth%20opportunity
https://www.gsmaintelligence.com/research/iot-market-forecast-to-2030-connections-by-region-and-vertical#:~:text=Updated%20in%20December%202024%2C%20the,total%20IoT%20connections%20by%202030
https://www.grandviewresearch.com/industry-analysis/environmental-monitoring-market#:~:text=The%20global%20environmental%20monitoring%20market,and%20monitoring%20of%20natural%20resources
https://environment.ec.europa.eu/news/new-pollution-rules-come-effect-cleaner-air-2030-2024-12-10_en#:~:text=,2030
https://environment.ec.europa.eu/news/new-pollution-rules-come-effect-cleaner-air-2030-2024-12-10_en#:~:text=It%20will%20also%20support%20local,and%20address%20breaches%20of%20standards
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3. Human Wearable Biometric wearables Exposure: ~2.4B workers
Sensing sensors and (heart-rate monitors, (70%) face excessive heat
(Connected smartPPEthat core-temperature atwork5. Connected
Worker) measure patches), smart helmets Worker platforms: $8.9B
Layer environmental andvests, wearable air- (2025) > $27.5B(2030)12
exposuresand quality/UV sensors, (CAGR ~25%). Each1°C
worker mobile apps. rise above 20°C cuts
physiology. productivity ~2-3% 6,
highlighting the cost of
unmonitored heat stress.
Player example: wearable
safety devices
(Honeywell Smart PPE,
Fitbit Workplace).
4. Al/MLclimate  Environmental data Climate-data analytics
Intelligence  models, digital platforms(e.g. Microsoft market: $1.61B (2025) >
& Decision twins, Planetary Computer, IBM $5.65B(2030)13(CAGR
Layer analyticsand GRAF, Esri CityEngine), 28.6%). Destination Earth:

risk platforms

urban andinfrastructure

full Earth-system Digital

thatingest digital twins, climate risk Twinby 20307 . WEF:
multi-layer engines (e.g.forinsurers,  Digital twins and Al can
datato guide finance), policy multiply EO value across
decisions. dashboards. sectors 3.

Table. Layers of the Environmental Intelligence Stack (components, examples, and key
metrics). Data shows growing market size and usage; all figures are fromrecentindustry
research1131210,

Eachlayer adds context: satellites give the “big picture” climate baseline; loT sensors
reveal local pollution and emissions; wearables connect that data to individual health
and productivity; and analytics platforms turnit all into forecasts, risk scores, or
optimized actions. Critically, the stack is convergent: for example, satellite-derived
pollution maps are calibrated by city sensors, and real-time worker data feeds into
facilities’ risk models. As one expert notes, digital twins “require continuous feeds,
scenario simulation and APIs for planning and operations” - exactly the role of these
integrated datalayers. Over time, more value shifts from selling hardware (once-off
sensor sales) toward delivering ongoing data and insights (software subscriptions and
analytics services).
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https://www.ilo.org/resource/news/climate-change-creates-%E2%80%98cocktail%E2%80%99-serious-health-hazards-70-cent-world%E2%80%99s#:~:text=of%20workers%20in%20all%20regions,9%20per%20cent%20since%202000
https://www.mordorintelligence.com/industry-reports/connected-worker-market#:~:text=Study%20Period%202019%20,North%20America%20Market%20Concentration%20Low
https://wmo.int/resources/publication-series/climate-change-and-workplace-heat-stress/climate-change-and-workplace-heat-stress#:~:text=,for%20every%20degree%20above%2020%C2%B0C
https://www.mordorintelligence.com/industry-reports/climate-data-analytics-market#:~:text=The%20Climate%20Data%20Analytics%20Market,2030
https://digital-strategy.ec.europa.eu/en/policies/destination-earth#:~:text=services%2C%20breakthrough%20AI%20developments%20and,Twin%20of%20the%20Earth%20system
https://www.meteorologicaltechnologyinternational.com/news/satellites/earth-observation-could-drive-us3-8tn-in-economic-growth-by-2030-world-economic-forum-reports.html#:~:text=According%20to%20the%20report%2C%20the,EO%E2%80%99s%20value%20by%202030%2C%20reaching
https://www.grandviewresearch.com/industry-analysis/environmental-monitoring-market#:~:text=The%20global%20environmental%20monitoring%20market,and%20monitoring%20of%20natural%20resources
https://www.mordorintelligence.com/industry-reports/climate-data-analytics-market#:~:text=The%20Climate%20Data%20Analytics%20Market,2030
https://www.mordorintelligence.com/industry-reports/connected-worker-market#:~:text=Study%20Period%202019%20,North%20America%20Market%20Concentration%20Low
https://environment.ec.europa.eu/news/new-pollution-rules-come-effect-cleaner-air-2030-2024-12-10_en#:~:text=,2030
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Market Opportunity

The market for environmentalintelligence is large and accelerating.
Key segmentsinclude:

* Monitoring Systems (Hardware): Traditional environmental monitoring (sensors,
analyzers, satellite instruments) is a multi-billion-dollar market. Grand View
Research estimates the global environmental monitoring market at $14.4 billion
(2024), growing to $20.1billion by 2030 (~5.7% CAGR)1. Similarly, other analysts
project on the order of $20-30B by 2030 (e.g. MarketsandMarkets: ~$21.1B).
Growthis driven by stricterregulations and corporate sustainability targets. For
example, Chinajust launched a 33,000+ station pollution network 14,

* Environmental Management Platforms: Software platforms for data integration,
reporting and analytics are scaling even faster. One forecast pegs the global
Environmental Management Systems (EMS) market - software plus services - at
$24.5Bin 2024, surging to $57.0B by 2033 (10.4% CAGR) 2. These platforms bundle
compliance reporting, loT data dashboards, carbon accounting, and sustainability
analytics. The shiftis toward cloud-based platforms with Al-driven insights (e.g.
predictivecompliance).The EMS market breakdown is ~70% software today 15,
reflecting how data platforms dominate value. In practical terms, firms are paying for
analytics (e.g. GHG accounting, emissions forecasting) rather than just instruments.

* Connected Worker Solutions: Wearable sensors and worker-safety platforms are
taking off under the rubric of “connected workers” or “augmented workers.”
Industry research forecasts market growth from $8.9B in 2025 to $27.5B by 2030
(=25%CAGR) 12 . This covers hardware (smart PPE), software apps for workforce
management, and loT integration. Key drivers include industrial safety regulations,
labor shortages (boosting automation), and digitalization of facilities. For example,
Frost & Sullivan notes manufacturers embedding AR smart glasses into operations;
Honeywell and Augmentir now offer Al-based worker performance analytics. The
economic upside is large - RFID sensors and wearables can cutindustrial accident
rates by up to 27% (per Ericsson) and reclaim hours of lost productivity 16.
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https://www.grandviewresearch.com/industry-analysis/environmental-monitoring-market#:~:text=The%20global%20environmental%20monitoring%20market,and%20monitoring%20of%20natural%20resources
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* Climate & Risk Analytics: Dedicated analytics for climate risk, weather data, and
environmental forecasting is an emerging niche. Mordor Intelligence projects the
climate data analytics market at $1.61B (2025) to $5.65B (2030) 13, This includes
bespoke analytics (e.g. agronomic forecasts, flood risk models) and platforms
servicinginsurance, finance and infrastructure. Arecent study projects the global
climate risk assessment tools market reaching $31.2B by 2030 (CAGR~17%) 17,
Insurers and investors are particularly interested: Reuters reports asset managers
now pay for EO-based climate risk tools to stress-test portfolios 8.

In summary, all segments are growing. However, the largest long-term value lies in data
and software platforms. Hardware sales (sensors, probes, satellites) are relatively
commoditized and low-margin, whereas analytics platforms lock in recurring revenues
and enable network effects across users. Forexample, a single ESG data platform can
serve multiple utilities, regulators and insurers simultaneously. As one investor noted,
environmental data platforms are evolving into infrastructure-like assets - similar to
power grids or telecom networks - with multiyear lock-in and high switching costs.

Structural Drivers
Three broad forces underpin the rise of environmental intelligence:

* Climate Risk Pricing: Natural-hazard and climate risks are now financially material at
scale. Extreme-weatherlosses are accelerating: Swiss Re Institute reports that
2024’s disaster economic losses hit $318 billion, of which 57% were uninsured 18 . In
Europe, the EEA estimates total climate-related asset losses of €822 billion
(1980-2024) - €208 billion (25%) justin 2021-202419. These losses are forcing
insurers, banks and firms to explicitly account for environmental risk. Academic
studies show that markets reprice assets oncerisk data arerevealed: e.g., U.S.
homes in flood-prone areas were collectively $44 billion overvalued until flood-risk
maps were updated 20, |n practical terms, regulators and investors demand data to
quantify risks and liabilities (e.g. flood maps, carbon footprints). Environmental
monitoring data (satellites, sensors) is now feeding underwriting models and stress
tests. Forexample, the World Economic Forum estimates that better Earth data
could help generate $3.8 trillion of value by 2030 through risk reduction and new
opportunities 321,
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https://www.mordorintelligence.com/industry-reports/climate-data-analytics-market#:~:text=The%20Climate%20Data%20Analytics%20Market,2030
https://www.daimagister.com/resources/climate-risk/#:~:text=AI,between%202024%20to
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* Regulatory Mandates: Governments worldwide are mandating more extensive
environmental monitoring. Recent laws require continuous data collection. For air
quality, the EU’s 2024 Ambient Air Quality Directive drastically tightened pollution
limits (e.g. cutting the annual PM, . limit by over 50% 1°) and explicitly expands
monitoring and modelling requirements 1. Similarly, China has built a 33,000-station
national pollution network* Workplace regulations are also growing stricter: for
instance, California and Japan now have heat-stress rules requiring high-risk
industries to monitor temperature and ensure cooling breaks. Carbon pricing and
emissions-trading schemes (e.g. EU ETS, voluntary carbon markets) further compel
firms to report energy use and methane leaks. In short, legal requirements for
environmental compliance - from local air permits to global climate disclosure rules
- create non-discretionary demand for sensors and data platforms. Companies
cannot “opt out” of monitoring if they wish to operate legally.

* Al & Digital Twins: Advancesin Al, big data and computational modeling are
magnifying the value of environmental data. Modern Al algorithms require vast,
labeled datasets - and environmental sensing (satellites, 0T, wearables) provides
them. For example, companies like Microsoft and Google now host planetary-scale
datalakes (e.g. Microsoft’s Planetary Computer) that allow Al-driven climate
modeling. Digital twins for cities and infrastructure are expanding too: Singapore’s
Virtual Singapore (urban twin) and projects like Dubai’s Marasi Lake climate model
ingest real-time sensor streams. On the policy side, the EU’s flagship Destination
Earth projectis building a full Earth-system Digital Twin by 20307. These tools
enable predictive analytics: insurers canrun scenarios on futurerisk, cities can
simulate pollution control plans, and utilities can optimize grid resilience against
weather. Crucially, each of these Al/digital-twin applications relies onrich
environmental data feeds - driving further investmentin the underlying sensing
infrastructure.

These drivers reinforce one another. Regulation and risk pricing create mandatory
market demand, while Al and digital innovation raise the ceiling for what data can
achieve. Together they are transforming environmental monitoring from a compliance
activity into a foundation for economic decision-making.
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Industry Landscape

The ecosystem of environmental intelligence spans hardware, software/platforms,
and end-users.

* Hardware & Devices: At the base are the sensors and satellites. Satellite
constellations (e.g. Copernicus, Planet Labs, GHGSat) continuously capture
atmospheric, land and ocean data. On the ground, there are a growing number of
specialized loT devices: from stationary air-quality monitors (PM, NOz2, O3), to
sensors on drones, vehicles, ships and oil rigs that collect mobile data. In industrial
and urban settings, drones and mobile labs supplement fixed stations. Wearable
devices (smart helmets, pollutant badges, biometric patches) connectindividuals
to ambient data. Many specialized sensor markets are rapidly growing; for example,
the global air-quality sensor market is expanding as cities deploy low-cost monitors
(U.S. DOE and WHO projects are funding sensor networks in tens of cities). This
hardware layer is competitive and fragmented: many vendors (e.g. Honeywell,
Thermo Fisher, Libelium, as well as startups like Clarity or BreezoMeter) offer chips
and devices. Margins here tend to be lower (devices are often sold as one-off units),
but ongoing maintenance and calibration services do provide recurring revenue.

* DataPlatforms & Analytics: Above hardware are the software platforms thatingest,
fuse and analyze environmental data. This includes vertical platforms (e.g. systems
specialized for air quality, water monitoring or worker safety) and horizontal
platforms that aggregate across domains. Leading platforms offer dashboards,
APls and machine-learning models. Notable examples: Esri’s ArcGIS with
environmental modules, IBM’s Green Horizon project (now GRAF) for climate
analytics, and sector- specific tools like SCADA-integrated emissions monitors for
factories. Increasingly, cloud providers (AWS, Azure, Google Cloud) offer
environmental data catalogs and computing resources (e.g. NOAA weather data on
AWS). Many platform companies aim for “open data” integration: forinstance,
NASA’s EarthData and ESA’s Copernicus data are freely available, and startups layer
proprietary analytics on top. Economics favor platforms: once installed, they lockin
users through data continuity and scale. Thus, major value accrues to platform
operators. For example, alarge digital- twin or climate risk platform can charge
subscription fees to corporations, insurers and governments.

* EndUsers & Applications: The top layeris the community of users who consume
environmental intelligence for decision-making. Key segments include:
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* Cities and Governments: Use sensor data for compliance (e.g. enforcing clean-air
zones) and planning (e.g. optimizing traffic flow or green space to mitigate
pollution). Smart-city projects are embedding sensors into infrastructure
(streetlights, buildings, transit) and feeding real-time datainto urban planning
models.

* Insurers and Financial Services: Employ environmental data to underwrite risks.
Insurers use flood maps, wildfire satellite imagery and weather forecasts to price
insurance and manage portfolios. Credit agencies and investors also begin
incorporating climate risk scores into ratings and valuations.

* Infrastructure & Utilities: Power grids, water systems and transportation networks
use environmental intelligence to enhance resilience. For example, utilities now use
granular solarirradiance data (from satellites and ground sensors) to forecast PV
output, and pipeline companies use satellite methane sensing (e.g. GHGSat) to find
leaks.

* Industrial & Commercial: Manufacturing, mining, oil & gas and agriculture firms
leverage these tools for operational efficiency and worker safety. Chemical plants
monitor emissions continuously to comply with permits; forestry companies use
drones and LiDAR for forest health mapping; mining firms overlay drone imagery with
weather models to plan safe blast operations.

* Technology & Al Companies: Firms building Aland loT products see environmental
data as a training layer. Autonomous vehicle companies, for example, use high-
definition pollution maps to improve sensor calibration, while Al startups develop
models for climate prediction using satellite archives. These users often partner with
data platformvendors orinvestin open datainitiatives (e.g. NOAA, ESA).

Across this ecosystem, platform companies capture most long-term value. Hardware
vendors compete on price and specs, but a platform that aggregates multiple data
streams and provides predictive analytics can command higher margins. A small
number of large corporations (e.g. Amazon/AWS, Microsoft, Google, IBM) as well as
specialized startups are vying to become the “operating system” for environmental
data. Forinstance, Microsoft’s Planetary Computer and Google’s Earth Engine both aim
to be standards for environmental Al development. In summary, the industry is shifting
from selling boxes to selling insights: customers increasingly pay for forecasts, alerts
and decision-support - not just the raw sensors.
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Strategic Technology Trends
Emerging technologies will deepen and accelerate environmental intelligence:

* Advanced loT Sensor Networks: Sensortechnology isimproving in precision, cost
and connectivity. Low-power wide-area networks (LPWAN) like NB-loT and
LoRaWAN enable dense deployment of sensors (thousands per city). Graphene and
nanomaterial sensors promise cheap, passive air-quality detectors. The number of
loT-connected sensorsis exploding (GSMA forecasts ~38.7B by 2030°%). These
networks enable hyper-local monitoring (e.g. street-by-street pollution maps) and
self- organizing calibration (crowdsourced cross-validation).

* Mobile Sensing (Drones & Vehicles): Vehicles and drones are being outfitted with
environmental payloads. Google Street View cars now carry LIDAR and air sensors to
map urban pollution profiles. Drones equipped with gas and particulate sensors can
rapidly survey disasterzones orindustrial sites. As drone traffic regulations relax, we
expect fleets of autonomous drones continuously scanning cities forhotspots (e.g.
smoke, leaks). Mobile sensors also include ships and aircraft carrying weatherradar
and ocean acidity monitors. These moving platforms fill the gaps between fixed
stations.

* Wearables & Human-Centered loT: The “wearable revolution” is extending into
occupational health. Biometric garments and smart PPE (helmets with sensors, AR
glasses with hazard alerts) are becoming mainstream in heavy industries. Recent
innovations include invisible tattoos and skin patches for continuous health
telemetry, air-purifying masks with pollutant monitors, and smart earbuds
measuring worker fatigue. These devices integrate with ambient data: forinstance, a
wearable might combine local temperature and UV sensors with a heart-rate
monitor to warn a construction worker of heat stroke risk. As 5G networks and edge
computing mature, wearables will stream data in real-time to command centers for
instant action.

* Blockchain-Verified Environmental Data: \While still nascent, blockchain and
distributed ledgers are being piloted to ensure trustin environmental data. For
example, some carbon-trading schemes use blockchain to record emission offsets
and sensorreadingsimmutably. In principle, a blockchain could log all readings from
afactory’s emissions sensors, making tampering impossible and simplifying
auditing. Several startups are exploring such use cases for supply-chain emissions
tracking. (This adds transparency but also connects with digital twin scenarios,
where every data pointis provenance-tagged.)
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* Al & Machine Learning: Al models are transforming raw environmental data into
forecasts and anomalies. Deep learning is improving weather and climate models
(e.g.NVIDIA’s 2023 megamodel for weather prediction). Self-learning algorithms
can fuse disparate data (satellite + sensor + social media) to detect emerging
hazards. Generative Alis even being used to fill gaps in sparse sensor networks (e.g.
inferring pollution levels between monitors). On the platform side, “AutoML” and
cloud Al services allow cities and companies to build custom environmental Al apps
without deep data science expertise.

Digital Twins & Simulation: Fully realized digital twins of cities, factories or
ecosystems are emerging. These virtual replicas ingest live data and run “what-if”
scenarios. Forinstance, a city digital twin might simulate how a proposed bike lane

would reduce NO2zin a neighborhood. The EU’s DestinE twin (2020s) and city
projects (e.g. Helsinki, Singapore) are democratizing such tools. Advancesin 3D
mapping, geospatial Al and high-performance computing are key enablers. Over
2024-2030 we expect digital twins to become commonin urban and industrial
planning, blurring the lines between monitoring and modeling.

These trends together create a feedback loop: better sensors feed richer Almodels,
which identify where to deploy new sensors or how to act. Forexample, an Al forecast
might predict a heatwave; connected wearables then validate worker stress levelsin
real-time, triggering smart building HVAC adjustments. In essence, the environmental
intelligence stackis becoming self-enhancing and ever more autonomous.
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Economics of Environmental Intelligence
Environmental data creates economic value in several ways:

* Risk Reduction: Better datareducesrisk andlosses. Forinsurers and asset owners,
accurate hazard monitoring means fewer surprise claims. Swiss Re notes that
improving resilience (feweruncovered losses) is critical as economic losses
mount!8, For example, early-warning flood systems (using combined satellite and
sensor data) can save lives and billions of dollars in avoided damages; EEA estimates
suggest avoiding even a fraction of the €208B losses from 2021-24 would justify
large sensorinvestments1?. Similarly, predicting and preventing industrial accidents
via sensor alerts (e.g. methane leak alarms, chemical detector warnings) can avoid
costly shutdowns and liabilities.

* Productivity Gains: Monitoring can directly boost output. In agriculture, precise
weather forecasts and soil sensing canincrease crop yields by optimizing irrigation
and inputs (a well-studied use case of EO data). In construction and logistics,
knowing local air quality and weather in real-time enables scheduling to avoid
downtime (e.g. delaying outdoor work during peak heat). Crucially, for workers
exposed to heat or pollutants, data-driveninterventions preserve labor
productivity. As noted, each 1°C of excess heat costs ~2-3% of worker output 6.
Thus, a factory that installs wearable heat sensors and smart cooling could see its
effective work hours rise noticeably. The International Labour Organization reports
~22.9 million heat-related work injuries annually 22; reducing even a small fraction of
these yields economic benefits in health and avoided sick time.

* Regulatory Compliance and Fines Avoidance: Non-compliance costs are high.
Continuous monitoring ensures firms meet environmental permits and avoid fines or
shutdowns. Forinstance, EU officials estimate air pollution currently costs the EU
economy up to €850 billion per year 23 (due to health care, lost work, etc.). Many of
those costsresult from poorcompliance. By contrast, investing in sensors and
analytics can be cheaper than paying health-related economic losses orlegal
penalties. One example: ships using exhaust scrubbers can avoid sulfur oxide
penalties if they continuously log compliance data to port authorities. The appeal of
compliance-driven monitoring is why governments often subsidize sensor networks
(e.g. U.S. EPA grants for community air sensors).

* Infrastructure Optimization: Environmental monitoring improves design and
maintenance. Smart cities use data to optimize traffic flows (reducingidling
emissions and saving fuel). Utilities integrate weather and usage sensors to fine-
tune grid operations (e.g. predicting peak energy demand during heatwaves). Mines
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and oil platforms use leak detectors to maximize extraction efficiency. These
efficiency gains translate into financial savings: McKinsey and others have noted that
smart infrastructure can boost returns by reducing waste (some studies suggest up
to 15-30% operational savings through better data).

* Market and Product Innovation: Finally, environmental intelligence enables new
services. Startups now offer “climate risk as a service,” selling analytics to investors
or homeowners; some offer premium environmental commodity exchanges (e.g.
localized carbon credits based on measured air capture). Consumer apps (e.g.
pollution-health advisories) create business models around data. In short, turning
datainto information opens revenue streams - from enhanced decision-making
(people willing to pay to know their health risk) to new financial products.

Examples: Considerindustrial heat stress: by deploying wearable monitors and
integrating with a predictive model, a mining company can maintain productivity and
prevent heat-stroke incidents. For every worker, a 2% productivity loss per °C means
saving just one °C of effective heat yields a 2% output increase - a large sum on multi-
million-dollar projects. Another example is urban smog: real-time pollution analytics
allow cities to adjust traffic signals orissue public health alerts, potentially reducing
asthmaincidents. These health gains (fewer sick days, lower hospital costs) accruein
aggregate value. Indeed, WHO estimates that reducing air pollution alone could avoid
3.2 million premature deaths from household sources and 4.2 million from ambient
sources annually 24, which corresponds to trillions of euros in economic loss (per [39]).

In summary, environmental data pays for itself throughrisk avoidance, productivity
preservation and compliance. The sooner organizations integrate this data into their
operations, the more they capture these value streams. Conversely, those thatignore it
face escalating costs from disasters, fines and lost efficiency.
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Technology Roadmap (2024-2035)
An emerging technology roadmap for Ell can be sketched in four phases:

1. Phase1- Monitoring (2015-2022): The foundation layer of sensors and satellites
was established. Over this period, hundreds of new satellites were launched
(Sentinel series, GOES-R, JPSS) providing open-access Earthimagery and
atmospheric data. At the same time, loT sensor networks expanded: urban air-
monitoring projects (e.g. Beijing’s air quality sensors, U.S. EPA’s AirNow network)
and commercial leak detection systems were deployed. Wearable sensors began
pilotuse (e.g. early smart hard hats and biometric vests). The key accomplishment
was data availability: copious satellite and sensor data streams became accessible.

Standards for data interoperability (GeoJSON, Open Geospatial Consortium APIs)
matured.

2. Phase 2 - DataPlatforms (2023-2026): Focus shifts to aggregation and
processing. In this period, major platforms and data hubs were built. For example,
cloud vendors launched environmental data services (e.g. Azure/DISARM, Google
Earth Engine for agri/weather data). Public-private consortia created shared data
lakes (e.g. NASA’s OpenET water use database, the EU Copernicus Data and
Information Access Services). On-premises data hubs started to emergeinlarge
organizations: utilities and governments consolidated multisource data into central
analytics centers. We also saw the birth of early digital twins (Singapore’s Virtual
Singapore, Microsoft’s CityNext projects). Integration standards (APl frameworks,
security protocols) were developed. Essentially, the raw data of Phase 1was being
fused and standardized. Key infrastructure - cloud computing and high-speed

networks - became robust and cost-effective enough to handle petabytes of
environmental data.
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3. Phase 3 - Environmental Intelligence (2026-2030): Al-driven analytics and
advanced modeling become mainstream. By 2026-2030, we expect the first
generation of full-scale environmental digital twins and predictive systems.
DestinE’s initial releases (focused on extreme events and climate adaptation) come
online 25, Insurance and financial platforms embed climate data as core inputs
(portfoliorisk engines fully integrating satellite weather forecasts). Real-time
analytics (e.g. streaming pollutant anomaly detection) are standard in industrial
controls. Augmented Reality (AR) and mobile apps bring the data directly to frontline
workers. In effect, environmental intelligence is no longer a back-end niche but
integrated into business processes - logistics managers reroute trucks based onlive
air quality maps; construction sites automatically activate cooling zones when
wearables detect worker heat strain. This phase sees the emergence of
“intelligence-as-a-service” platforms: companies sell not sensors, but risk scores,
forecasts and twin-model simulations on a subscription basis.

4. Phase 4 - Climate Infrastructure (2030+): Environmentalintelligence is fully woven
into global infrastructure, policy and finance. By early 2030s, environmental data
platforms are treated as public utilities. Financial systems routinely price climate risk
(e.g.lenders adjust mortgages with real-time flood data feeds). Smart cities
operate in a cyber-physical continuum with environment (traffic, grid, buildings,
nature). Autonomous systems (drones, vehicles, smart grids) operate under
constant environmental feedback loops. Global treaties leverage near-real-time
verification: greenhouse-gas treaties use live emissions data to enforce
compliance. In short, climate intelligence is embedded into the “infrastructure” of
modern life - from how skyscrapers self-regulate their energy use, to how
governments preemptively evacuate regions with Al-driven disaster forecasts. The
architecture by 2035 will look far more distributed and automated, but it will be built
on the stack and phases laid down between 2024-2030.
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Strategic Implications
The rise of environmental intelligence has broad implications:

* Investors and Private Capital: Environmental data platforms willbecome
infrastructure-like long- term assets. Investors may view them like utilities or
satellites - with stable revenues and high upfront costs. Venture and growth
investors should look at platform companies (e.g. climate analytics startups) as
potential multi-decade bets. Weaker players focusing only on hardware (one- off
sensor sales) face margin pressure. Private equity may also fund consolidation (e.g.
acquiring sensor firms or niche analytics platforms) to create integrated providers.
Importantly, quantifying climate risk with data may unlock new insurance and bond
markets: “nature-positive” investment funds could rely on verified environment data
to validate impact.

* Cities and Local Governments: Urban planners and public agencies must
incorporate continuous monitoring into resilience strategies. For example, cities
under WHO air-quality alerts will use sensor networks to trigger public health
advisories. Real-time data can guide zoning decisions (e.g. limiting development in
floodplains) and infrastructure siting (e.g. placing hospitals away from pollution
hotspots). Investing in open data platforms can pay off via reduced healthcare costs
and improved quality of life: the EU notes air pollutionimposes up to €850B/yrin
social costs 23, Proactive city governments will partner with utilities and tech firms to
build and use digital twins for climate adaptation.

* Insurers and Financial Institutions: Environmental intelligence enables predictive
risk modeling. Instead of just reinsuring past losses, insurers will price future climate
exposure using Al models built on Ell data. This will refine premiums and capital
reserves, potentially making insurance viable in formerly uninsurable areas. Banks
and asset managers using these tools can better screenloans for climate resilience
(reducing default risk). Companies that fail to adopt these tools may face mispricing
and stranded assets. Conversely, insurers and banks can develop new products
(e.g. parametricinsurance triggered by sensor data) to hedge climate hazards.
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* Technology/Al Companies: Environmental datasets will become a key training and
validation resource. Al firms should prepare for massive demand for geospatial and
sensor data to train climate models. Platforms like Copernicus, NOAA/ESA datasets,
and in future DestinE, will be used by Al researchers globally. Tech companies
providing loT and Al platforms (e.g. AWS, Azure, Palantir) should integrate
environmental modules, as demandrises. For Al governance, publicly funded
initiatives may require large models to be tested against environmental benchmarks
(e.g. how an Alwould respond to a flood scenario). In essence, climate and
environmental data will be a new “cloud” or substrate for the next generation of Al
applications, from smart agriculture to autonomous transport.

Summary

Environmentalintelligence is becoming core infrastructure for the 21st-century
economy. Organizations that view sensors and data as strategic assets - rather than
peripheral compliance tools - will gain competitive advantage. Just as GPS
revolutionized logistics and finance thrived on Bloomberg data, the convergence of
satellites, sensors and Al into an Environmental Intelligence Infrastructure will power
safer, more efficient and more resilient industries from 2024 onward.
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