caTAPULT

Satellite Applications

Use of satellite monitoring to
assess and predict likely biomass

supply

Hydrogen Innovation Initiative, February 2026



Table of Contents

1. INTRODUGCTION ...ttt ses s s s s e e s m s s ems s s s ae e e e e n e s n s snesne s e e e e e e nennenans 3
1.1. Scope and objective Of the rePOIt ..........ooi e 3
1.2, Hydrogen production from DIOMESS ........coiuuiiiiiiiiii e 3
1.3. Introduction to satellite Earth Observation ... 4

2, SATELLITE EARTH OBSERVATION FOR BIOMASS AVAILABILITY .....ccciiiminrrrenisrsssesssaeeas 5
21. Biomass Types Suitable for Satellite EO MONITOrNG ........ccuueiiiiiiiiiiii e 6

211, Feedstock AVailability ..........cooiiiiiiii e 6
2.1.2.  Seasonal Reliability...........c..eoiiiiiiii e 7
2.1.3.  FeedstoCK QUANILY .......eeiiiiiiee et e et e e e nae e e e e 8
214, RISK MONITOMING ...eeiiiiiiiiee ettt ettt e e e s bt e e e s bt e e e e srnbeeeesrnaeeeeaan 8
2.2. LIimitations OF EO ...coiieiiiiiieiie ettt e e e e e e e e e e nes 9

3. SATELLITES AND EARTH OBSERVATION TO MONITOR BIOMASS SUPPLY CHAINS ........... 10
3.1. Sustainability, Traceability and ComPpPlianCe............cooiiiiiiiiiiii e 11
3.2. Limitations of EO in monitoring the biomass supply chain...........cccoooiiii 11

4, FUTURE OPPORTUNITIES.......cooioiiiirinirsie s sssss s s s s s s sms s s s s snms s sn s s smssssamesnsnnsnns 11

5. COMPANIES WITH BIOMASS MONITORING CAPABILITIES .......ooocoiirririee s 12

6. L0 0 11T 0 U 1 0 12

7. L 0 13

Acknowledgements

This report was funded by Innovate UK as part of the Hydrogen Innovation Initiative (HII).

Use of satellite monitoring to Page 2 of 16
assess and predict likely biomass

supply



1. Introduction
1.1. Scope and objective of the report

One route to hydrogen production is through biomass, which creates a need to understand both the
availability of feedstock and the sustainability of its supply. Satellite Earth Observation can play an important
role here, providing scalable and repeatable monitoring of biomass resources over time. This approach is
already widely used across the agriculture and forestry sectors, where it supports the assessment of crop
growth, land use, vegetation condition and resource availability.

It should be noted that biomass can be used as a feedstock for many different alternative fuels, including bio-
ethanol and bio-SAF (sustainable aviation fuel). Therefore, the following sections of this report are more
widely applicable to the production of alternative fuels from biomass and how satellites can be used to
monitor this production.

This report outlines the capabilities of satellite Earth Observation (EO) sensors to monitor and predict the
production of biomass from crops and forestry, as well as ensure its sustainability. It details limitations of
satellite EO in this field and also provides details on the UK’s capabilities on the use of satellite EO for
biomass production monitoring, as well as how future developments in satellite EO can further support this
sector as it also evolves.

The objective of this report is to showcase the capabilities of satellite EO and how it could sit within the
biomass production chain, the advantages it brings over more traditional monitoring methods and how it can
sit alongside them. Satellite EO should sit alongside traditional monitoring methods to offer cost-efficient
monitoring at scale and therefore help ensure a consistent flow of sustainably produced biomass towards
hydrogen production at a national scale. The main challenge to this is the lack of data on the availability of
biomass at a national scale, in a timely manner, to enable quick decision making and avoid biomass
shortages for the various sectors that use it.

1.2. Hydrogen production from biomass

The UK is committed to a green energy transition and has set a target of achieving net zero emissions by
2050 (Burnett, Stewart and Hewitt, 2025). A core part of this commitment is the development of a thriving
low-carbon hydrogen sector, which will be accelerated through dedicated funding. An example of this is the
Net Zero Hydrogen Fund (NZHF) (DESNZ, 2024), which is making available up to £240 million for the
commercial deployment of hydrogen production projects from 2022, with projects lasting up to 17 months.
Hydrogen is considered a critical component for delivering the UK’s net zero goals because of its huge
potential as a low-carbon fuel: it is a low-carbon energy production method, especially when combined with
carbon capture and storage (CCS) solutions. In some cases, the combination of the hydrogen production
method and CCS can even lead to negative emissions.

The aforementioned funding for the development of hydrogen production systems is in support of the UK’s
ambition to produce 10GW of low-carbon hydrogen by 2030 (HII, 2024a). Although the fundamental
technologies needed to produce hydrogen at a large scale are well-understood, they do not currently exist at
the scale and cost needed to support widespread adoption of hydrogen and this energy production target.
However, due to the predicted increasing demand, it is important to identify areas where innovation can help
bridge this gap, ensuring the UK is a world leader and influencer in the hydrogen economy, and provide
adequate funding for this (e.g. through NZHF).

There are many different processes (e.g. gasification, electrolysis) and feedstocks that can be used to
produce hydrogen (McKay, 2025). One method of producing hydrogen is the use of different types of
biomass as an energy fuel, which is widely seen as a low-carbon alternative to fossil fuels. Biomass already
contributes significantly to the UK’s overall energy mix: in 2022, biomass generated 11% of UK electricity,
and in 2021 it generated 6.4% of the UK’s heat (NAO, 2024). Around two-thirds of the biomass used in the
UK across energy, electricity and transport is produced domestically (DESNZ, 2023). The UK is therefore
well-placed to be a global leader in producing hydrogen from biomass due to its existing biomass
infrastructure, its high sustainability standards around the responsible sourcing of biomass and the level of
ongoing research and development into all aspects of the hydrogen technology cycle (HIl, 2024b).

Use of satellite monitoring to Page 3 of 16
assess and predict likely biomass
supply



A range of types of feedstocks are used to produce biomass, ranging from animal slurry to landfill gas to
agricultural residues. However, as mentioned above, this biomass is used in several different sectors; for
example, straw left over from harvesting cereal crops can be used as animal bedding and feed, before it is
used as biomass for heat and electricity, and of this only a portion may be used to produce hydrogen.
Understanding the market dynamics that define the end uses of different biomass feedstocks is beyond the
scope of this report; we focus instead on understanding the availability of biomass feedstocks regardless of
their end uses. Therefore, the following sections of this report are more widely applicable to the use of
satellite EO for monitoring biomass production, rather than biomass production specifically for hydrogen.

1.3. Introduction to satellite Earth Observation

Satellite Earth Observation (EO) is defined as the process of collecting, processing and analysing data about
the Earth’s physical, chemical and biological systems through the use of satellite-based instruments.
Different satellite sensor characteristics lend themselves to different kinds of applications. Types of satellite
sensors include:

¢ Optical sensors: these sensors collect data in the optical and infrared parts of the electromagnetic
(EM) spectrum in discrete spectral bands (multispectral sensors have up to 16 bands, hyperspectral
sensors can have hundreds of spectral bands, meaning they can pick up materials on the Earth’s
surface in much greater detail). Optical sensors are passive, collecting reflected sunlight; this means
they cannot operate during nighttime. Examples of optical sensor satellites are NASA’s (National
Aeronautics and Space Administration) LandSat satellites!, ESA’s (European Space Agency)
Sentinel-2 satellites?, Airbus’ Pleiades® and Planet’s satellite constellations*. Applications of optical
sensors include land cover classification and land use change.

¢ Synthetic Aperture Radar (SAR) sensors: these sensors transmit light in the microwave part of the
EM spectrum and collect the reflected microwave light, meaning they can operate during nighttime
and penetrate cloud cover (though severe weather conditions can still impact measurements). While
SAR sensors themselves do not have bands, different sensors operate in different parts of the
microwave spectrum, lending them to different applications. Examples of SAR satellites include
ESA’s Sentinel-15, ICEYE’s satellites®, and Airbus’ TanDEM-X and TerraSAR-X satellites”.

o Thermal sensors: these sensors collect data in the infrared (IR) range of the EM spectrum, generally
in the mid-wave IR and long-wave IR. These are passive sensors, and examples include NASA’s

' Allison Nussbaum and Diana Logreira (2026) ‘Landsat - NASA Science’, 10 February. Available at:
https://science.nasa.gov/mission/landsat/ (Accessed: 13 February 2026).

2 ESA (2026) Sentinel-2. Available at: https://www.esa.int/Applications/Observing_the Earth/Copernicus/Sentinel-2
(Accessed: 13 February 2026).

3 AIRBUS (2026) Pléiades | Very High-Resolution (560cm) Satellites Imagery. Available at: https://space-
solutions.airbus.com/imagery/our-optical-and-radar-satellite-imagery/pleiades/ (Accessed: 13 February 2026).

4 Planet (2026) PlanetScope | Planet Documentation. Available at: https://docs.planet.com/data/imagery/planetscope/
(Accessed: 16 February 2026).

5 ESA (2026) Sentinel-1. Available at: https://www.esa.int/Applications/Observing_the Earth/Copernicus/Sentinel-1
(Accessed: 16 February 2026).

6 ICEYE (2026) SAR data. Available at: https://www.iceye.com/sar-data (Accessed: 16 February 2026).

7 AIRBUS (2026) Radar Imagery & High-Resolution Night Satellite Data. Available at: https://space-
solutions.airbus.com/imagery/our-optical-and-radar-satellite-imagery/radar-constellation/ (Accessed: 16 February 2026).
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LandSat TIRS sensor® and ECOSTRESS sensor® (which is on board the International Space Station
(ISS)) and MODIS satellite'?, and SatVu’s HotSat satellites'".

e Light detection and ranging (Lidar): these sensors emit laser light in the ultraviolet (UV), optical or IR
range to collect detailed point cloud datasets of the surfaces their laser light is reflected from.
Generally used as terrestrial, aerial or unmanned aerial vehicle (UAV) sensors, the Global
Ecosystems Dynamics Investigation (GEDI) sensor'? is located on the ISS and provides information
on the characteristics of the Earth’s forests. Note that, due to being mounted on the ISS rather than
a satellite, GEDI does not provide global coverage.

Compared to other forms of EO and manual data collection, EO satellites offer several unique advantages:

e Global coverage: EO satellites can capture imagery over any part of the world, including areas that
are remote or inaccessible to humans. Collecting data over such areas using EO satellites is much
more resource-efficient than deploying infrastructure or humans on the ground.

e Spatial resolution: EO satellites have a spatial resolution ranging from kilometres down to 0.25m (for
SAR) and 0.3m (for optical). This allows them to capture a range of characteristics of the Earth’s
surface; however, resolutions finer than 10m are generally possible only with commercial satellites
(i.e. with an associated cost), while open-source data are available at coarser resolutions.

e Temporal resolution: also known as revisit time, EO satellite imagery captures imagery over any part
of the world on a cycle repeated every 1-3 weeks (open-source imagery), down to a few times each
day (commercial imagery), allowing for trends across time to be detected and analysed.

e Historical archive: as well as future capture of satellite EO imagery, there is a very rich historical
archive of EO imagery available, covering the globe from the 1970s in some cases (e.g. NASA's
Landsat programme). This enables long-term monitoring and trend analysis.

Owing to all these unique characteristics, EO satellites are well-placed to provide ongoing monitoring and
prediction of biomass availability. It is worth noting that EO satellites, in the context that they are referred to
in this report, are generally most capable of observing the Earth’s surface, rather than objects that are in
some way concealed. For these reasons, we focus on vegetation-derived biomass in this report. In addition,
satellite EO data itself can give a relative measure of a characteristic on the ground (e.g. “this part of a field
is wetter than the rest of it”); to translate these measurements into absolute values for a specific variable,
reference datasets collected on the ground are needed.

2. Satellite Earth Observation for biomass availability

Biomass availability refers to the quantity of biologically sourced material that can be sustainably utilised for
energy production. Key feedstock categories include conventional agricultural crops, perennial energy crops,
forestry biomass (wood and residues), and agricultural residues and wastes (Slade, Bauen and Gross,
2010). The type of domestic biomass resources the UK is dependent on, along with future projections up to
2050 are shown in Figure 1. This report focuses on feedstock categories observable from space, and as a
result, material such as sewage sludge, pig manure and slurry is not considered.

8 NASA (2025) ‘Thermal Infrared Sensor (TIRS) - NASA Science’, 30 September. Available at:
https://science.nasa.gov/mission/landsat/tirs/ (Accessed: 16 February 2026).

9 NASA (2026) Welcome to ECOSTRESS, ECOSTRESS. Available at: https://ecostress.jpl.nasa.gov (Accessed: 16
February 2026).

0 NASA (2026) MODIS. Available at: https:/modis.gsfc.nasa.gov/about/ (Accessed: 16 February 2026).

" SatVu (2024) SatVu propels expansion plans. Available at: https://www.satellitevu.com/news/satvu-propels-expansion-
plans-with-contract-signing-for-next-two-satellites-hotsat-2-and-hotsat-3 (Accessed: 16 February 2026).

2 GEDI (2026) GEDI Ecosystem Lidar. Available at: https://gedi.umd.edu/ (Accessed: 16 February 2026).
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Figure 1: Projected UK biomass domestic resource by feedstock type (in Petajoules) under different scenarios (see the
original publication for details). This includes sources such as agricultural crops (e.g. wheat, maize, energy crops like
Miscanthus and short-rotation coppice), forestry-derived biomass (wood and forest residues), and various waste/residue
streams (DESNZ, 2023).

The UK biomass demand is met by both domestic sources and imports. About two-thirds of the UK biomass
supply is sourced domestically, and the remaining is imported. Domestic biomass resources include forestry
products, agricultural crops and residues, while imports are bioethanol, biodiesel and wood pellets
(Lempriere, 2023a). The UK is one of the major importers of wood pellets and sources mainly from North
America, and similarly imports biofuels from Europe and Brazil (Kaminski, 2024). Since the UK imports a
maijor share of its biomass demand, it is essential to monitor the supply chain for sustainability compliance
and timely availability.

2.1.Biomass Types Suitable for Satellite EO Monitoring

Satellite EO is well-suited for monitoring biomass from vegetation cover, including agricultural crops such as
maize, wheat, and sugar beet, as well as energy crops like miscanthus and short rotation willow, and forest
biomass from woodlands and plantations. Satellites can repeatedly image these types of vegetation cover,
giving insights into their extent, condition and growth. EO techniques give insight into the extent of
vegetation, its type, canopy cover, height, proxies of growth like vegetation indices, chlorophyll content and
changes over time.

The following sections examine how satellite EO can be used to assess biomass availability, when it can be
reliably supplied, its quality for bioenergy use and how a risk such as an extreme weather, pest outbreak or
fire impacts availability. Note that multiple pieces of information can be extracted using the same satellite EO
sensor but different processing methods, especially with SAR sensors.

2.1.1. Feedstock Availability

A major use of EO is to determine where biomass feedstock is located and how much is available at each
location. Satellites are able to map vegetation, its extent and type and estimate biomass yields. There is a lot
of research available for vegetation mapping, and it is a mature capability. Innovations in SAR and LiDAR
remote sensing have greatly improved our ability to estimate forest and crop above-ground biomass (AGB)
from space through correlating satellite-measured values to field-measured biomass.

Feedstock availability: Ensuring maximal use of biomass across multiple sectors and minimising waste.

How Can Satellite EO Help? Examples

Map vegetation, its type and e Basheer et al. (2024) used PlanetScope high-resolution imagery to
its extent. produce land use maps. This method can be used to identify fields of
crops such as wheat or Miscanthus, and to reveal the spatial
distribution of biomass feedstock.
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Zhang et al. (2025) used optical sensors to map crop types based on
spectral signature and phenology, while forest cover and tree species
can also be classified using EO techniques (Su et al., 2025).

Determine the spatial
distribution feedstock and
estimate biomass yields.

Satellite data combined with
in-situ data can monitor crop
growth and estimate the
biomass yield in tonnes.

Similarly, SAR sensors like Sentinel 1 and TerraSAR-X can sense
vegetation volume and density (David, Rosser and Donoghue, 2022).
Forest canopy height can be extracted using the NASA GEDI lidar
sensor and used for biomass estimation (Duncanson et al., 2022).
Vegetation indices like Normalised Difference Vegetation Index (NDVI)
have been found to correlate with crop biomass and final yield
(Atanasov, Atanasov and Evstatiev, 2025).

The BIOMASS satellite launched by ESA from the UK is now publicly
accessible and uses its SAR sensor to provide 200m resolution
biomass estimates (ESA, 2026).

Estimate forest and crop
Above Ground Biomass
(AGB).

By combining optical imagery, SAR and Lidar, studies have achieved
better accuracy in AGB estimation (Ullah et al., 2025).

A global 1-km resolution biomass map has been derived from GEDI to
quantify how many tonnes of biomass per hectare exist in each
location (Dubayah et al., 2022).

2.1.2.Seasonal Reliability

In addition to identifying the location and quantity of biomass, EO can also indicate when biomass is
available by monitoring seasonal growth and phenology. Different biomass feedstocks have specific growing
season patterns and harvest periods, which satellites can effectively track on a regular basis.

Satellites provide uninterrupted monitoring of crop development throughout the year. If a growing season is
progressing well (e.g., good rains resulting in high NDVI values), the expected biomass yield and harvest
timing can be predicted with confidence. But if the season is delayed or disrupted due to stresses like
drought or disease, satellites can capture that. By comparing multi-year satellite data, one can also identify
the peak harvest times for different crops/plants — an important consideration for perennial energy crops and
forestry, where rotation lengths and annual yields can vary.

Green Leaf Development

RadarBackscatter (db)

Oil Seed Rape Growth Stages

Figure 2: Change of the radar (SAR) backscatter signal depending on the growth stage of oilseed rape. Credit: Satellite

Applications Catapult.

Use of satellite monitoring to Page 7 of 16

assess and predict likely biomass
supply




Seasonal reliability: Monitoring growth and phenology to predict yields and optimal harvest dates.

How Can Satellite EO Help?

Examples

¢ Satellite EO can indicate
when biomass is
available by monitoring
seasonal growth and
phenology.

Rodigheri et al. (2023) have developed methods to extract crop
sowing and harvest dates from vegetation index curves.

SAR sensors can also be used to track crop phenology and have the
added advantage of being effective in all weather conditions and
during the day and night (Flores et al., 2025).

e Satellites can be used to
monitor the effects of
stress (e.g. drought) on
biomass crops.

There are solutions in the market now that use satellite EO to monitor
and send alerts when vegetation index values drop or deviate from the
norm (EOSDA, 2022). Biomass producers can use these to intervene
(e.qg. irrigate or apply fertiliser) to ensure the crop can still be harvested
on time with maximum vyield.

2.1.3. Feedstock Quality

Biomass feedstock quality for bioenergy is mainly influenced by biochemical composition, moisture and
structural properties, which together determine calorific value, combustion, storage and transportation
efficiency. Higher structural carbon content (i.e., lignin-rich biomass) in the feedstocks increases energy
density (Novaes et al., 2010). On the other hand, higher moisture content in the feedstocks reduces thermal
efficiency and increases emissions (Forest Research, 2026). Similarly, ash and mineral content cause
damage to the biomass boiler and generate emissions; however, these are not directly measurable from

space (Bagnall, 2024).

Through integrating EO-derived proxies, calorific value could be measured using empirical models. In
combination, hyperspectral, optical, and SAR observations provide complementary, model-based indicators

of biomass feedstock quality.

Feedstock quality: Ensuring the bioenergy feedstock has the highest calorific content possible.

How Can Satellite EO Help?

Examples

Measure the lignin content of
plants.

Aneece and Thenkabail, (2022) state that hyperspectral sensors
operating in the Short-Wave Infrared (SWIR) of the spectrum can
detect absorption features associated with lignin, particularly around
1730 nm and 2100 nm (Berger et al., 2021).

Measure vegetation moisture
content.

SAR is sensitive to plant water content, and SAR backscatter can
estimate moisture content in harvested residues (Udali et al., 2024).

Identify excessive moisture
content that is harmful to
plants.

With optical sensors, NDVI can indirectly identify moisture content and
stress that reduces biomass growth (GeoPera Team, 2025).

2.1.4. Risk Monitoring

Biomass availability can be impacted by hazards such as droughts, wildfires, pests, or storms. Satellite EO is
a key tool for watching these risk factors and helping mitigate potential destruction.

EO monitors emerging slow-onset stresses, such as drought and pests, and also captures sudden shocks,
such as fires and storms. By doing so, it supports the biomass sector in managing “what can go wrong” —
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identifying risks to availability and providing data to plan mitigation or adaptation (such as sourcing from
unaffected areas or adjusting harvest schedules).

Risk monitoring: Ensuring risks are prevented and their impacts minimised.

How Can Satellite EO Help? Examples
Monitor drought stress in e The temperature of vegetation increases when insufficient water is not
vegetation. available to reduce heat in hot weather, and this can be tracked using

thermal sensors (UN Spider, 2019).

o Drought stress reduces NDVI values compared to healthy vegetation
and can be used (Shirah, 2004).

¢ Dedicated satellites for soil moisture measurements, like Soil Moisture
Active Passive (SMAP) provide direct data on drought and flood
conditions. Soil moisture is also key to crop yield forecasting since it
determines the water availability for plants (Forgotson et al., 2020).

Detect changes in leaf colour | e Optical satellite data can detect changes in leaf colour or canopy

or canopy density related to density related to pest infestation and measure the pest-inflicted
pest infestation. damage and support targeted intervention (Zhang et al., 2022).
Monitor wildfire risk and e Apart from the ECOSTRESS sensor, wildfire risk and occurrence are
impact. closely tracked by thermal sensors such as NASA’s MODIS and

VIIRS, which detect active fires and hotspots globally in near real-time.

e The NASA FIRMS platform uses these satellites to provide global fire
alerts within hours of the fire ignition and pinpoints the location of the
fire (Earth Science Data Systems, 2024).

Assess storm damage ¢ In New Zealand, a satellite-based tool was able to detect and map
immediately after the event, windthrow damage to plantation forests almost immediately after a
even in remote or cloudy major storm, using freely available Sentinel-2 optical images and
conditions. Sentinel-1 SAR (SCION Group, 2025).

e A Lidar sensor could be used to estimate the volume of timber
knocked down and calculate the biomass volume lost (Nothdurft et al.,
2021).

2.2. Limitations of EO

While satellite EO helps assess biomass availability, it has certain limitations. Satellite observations rely on
reflectance, backscatter and thermal signals to estimate biomass through statistical or physical models, so
they cannot directly measure biomass weight and must be calibrated with ground measurements to convert
spectral signals into biomass estimates. A dataset of ground measurements, or a plan to obtain these,
should form part of any solution that involves the use of satellite-based EO, at least for the initial phase.

As discussed above, EO can support the estimation of crop residue available for biomass. However, crop
residues have other uses (e.g., livestock feed, enhancing soil health, and industrial applications), which may
carry greater economic or ecological value than biomass energy production. As a result, all the quantified
residues may not be readily available for biomass use. Estimation of residues is often based on crop-to-
residue ratios, and EO primarily measures the crop; the estimated residue is based on predefined ratios,
which introduces additional uncertainty due to the assumptions underlying them (Openshaw, 2012).

There are certain technical constraints for satellite EO. Optical sensors are affected by cloud cover, which
can reduce data availability in temperate regions such as the UK. SAR can handle the cloud cover issue to
some extent; however, it is unable to replicate certain optical sensor capabilities, such as vegetation indices.
Open-source optical sensors (Sentinel 2, Landsat) operate at 10 - 30 m resolution, which may not be
sufficient to capture field-level heterogeneity. Also, they do not provide daily revisits, limiting timely
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monitoring of rapid changes. However, commercial sensors offer greater spatial resolution and daily revisits,
but they are often costly and increase project costs.

3. Satellites and Earth Observation to Monitor Biomass Supply Chains

The UK’s biomass resources do not only come from domestic sources; a large portion is imported through
international supply chains (Lempriere, 2023). Given the UK's heavy reliance on imports, it is necessary to
trace origins to ensure sustainability and regulatory compliance. Ure and Martin, (2024) also model other
resources, such as biodiesel, bioethanol, and sawmill residues, available to the UK from around the world.
These models, which estimate potential biomass availability, have considered sustainability standards to
provide future availability scenarios and have been developed to minimise impacts on land use and food
security (DESNZ, 2023). Along with tapping into this availability, it is necessary to monitor sources from
these countries to see whether any illegal land-use changes are occurring. For that purpose, satellites offer
an effective scalable approach to monitor biomass production and ensure compliance with sustainability
standards.

Drax power station in Yorkshire is one of the largest biomass-fired power plants in the world, consuming a
significant amount of biomass each year (6 million tonnes in 2023) (Drax, 2023). Drax serves as a
compelling case study to demonstrate the importance of EO in supply chain monitoring. Recently, it faced
scrutiny over the sustainability of its imported wood pellets from North America and Canada (Ambrose,
2025). While Drax and its supplier claimed their feedstocks were sustainably sourced, independent
investigations supported by satellite imagery revealed inconsistencies (Ambrose, 2025). In 2025, an NGO
used satellite imagery and other data to monitor logging activities in British Columbia, a key sourcing area for
Drax. High-resolution imagery helped verify land-use changes and uncover deforestation (Hansen et al.,
2025). These examples underscore satellite EO's value as a watchdog, capable of tracking feedstock origins
for signs of forest loss, peatland drainage, or other environmental harm.

Hansen Forest Loss - Hansen etal (2023)

Figure 3: Tree loss (Hansen dataset) derived from satellite EO data for 2000-2022 over the Altamaria municipality in
Brazil.
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3.1. Sustainability, Traceability and Compliance

Satellite EO can play an important role in tracing biomass sources and checking the sustainability and
compliance. The sustainability standards by the European Union (EU) and the UK prohibit biomass sourced
from recently deforested land (European Commission, 2023). Regulators and companies could use historical
imagery to confirm that a plantation supplying wood pellets was not recently a natural forest, and to provide
precise data on land use changes (Ribeiro et al., 2024). Platforms such as Global Forest Watch use
satellites for forest loss mapping, and companies could use them to verify if suppliers are not engaging in
illegal clearing (UNEP, 2017). This kind of independent verification is necessary because traditional paper-
based certifications can miss illegal land conversions. Recent EU regulations (e.g., the European Union
Deforestation Regulation (EUDR)) explicitly require geolocation of feedstock sources and state that satellite
imagery may be used to verify that no deforestation occurred after a cutoff date of December 31, 2020
(Sarmiento, 2025).

In addition to land use change, satellites can monitor carbon stocks and support greenhouse gas (GHG)
compliance monitoring. Sustainable biomass is supposed to perform better than fossil fuels in terms of
carbon emissions, as it ought to maintain carbon stocks at the source. For example, if a company claims that
a forest harvested for wood pellets is being regrown sustainably, EO data can verify whether the forest
carbon is recovering or is being depleted in the long term. New satellites, like ESA's BIOMASS, will map
global forest carbon, offering an independent way to verify feedstock sources (AIRBUS, 2025). This kind of
monitoring supports GHG compliance by ensuring feedstock production is not causing a carbon debt.

To summarise, EO is a unique tool for monitoring sustainability, traceability, and compliance in the biomass
supply chain by providing location intelligence. However, it is important to note that EO is most effective
when combined with ground truth and supply chain data, such as shipment records, to create a
comprehensive picture.

3.2. Limitations of EO in monitoring the biomass supply chain

Satellite EO has demonstrated it is a leading tool for monitoring global deforestation. The primary limitation is
the lack of requirement of, or difficulty in obtaining, additional information such as licenses and permits, to
verify the legality of the EO-detected deforestation (Franca et al. (2025).

Secondly, the effectiveness of EO depends on the quality of the supporting data. Although some form of
geolocation is mandatory under EUDR regulations, a single pair of coordinates cannot be relied upon to
define the extent of the harvest area. Franca et al. (2025) has mentioned the difficulties in verifying the
spatial extent of logging from a given coordinate from logging permits. In such cases, EO cannot accurately
determine the authorised harvest area.

4. Future opportunities

Market: The anticipated increase in demand for renewable energy to support the UK’s transition to net zero
and, with it, assured sustainability of biomass feedstocks, brings a requirement for improved monitoring of
this biofuel feedstock. Satellites are a mature capability in the agricultural sector, and can continue providing
supply chain visibility to both the UK and international market. In addition, due to increasing demand in the
energy market, the same crops are required for carbon sequestration and as a biomaterial; improved visibility
of biomass availability is essential to ensure there is no biomass shortage and reduce waste in the sector.

As new sources of biomass feedstock become available, EO satellites may offer monitoring capabilities. An
example is algae and seaweed for biomass, where EO satellites can help predict their yield and monitor any
impact their production has on the surrounding environment, such as an increased presence of seaweed
decreasing water pollution.

Technology: The capabilities of EO satellites are continually growing thanks to technological advancements.
There are several examples on the near term horizon which we support with more accurate estimations of
biomass. Examples include the NASA ISRO SAR (NISAR) ' mission, which was launched in 2025 with data

3 Gohd, C. and Logreira, D. (2026) NISAR - NASA Science, NASA. Available at: https://science.nasa.gov/mission/nisar/
(Accessed: 13 February 2026).
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access imminent. It uses dual-frequency SAR, including long wavelength P-band SAR which is effective at
penetrating tree canopy. It will be capable of monitoring woody biomass at 1 hectare resolution globally, thus
providing a more accurate estimate of available woody biomass and forestry residue as an energy feedstock.
New hyperspectral satellites will become operational (e.g. CHIME"), providing global coverage at high
resolution providing greater detail on biomass supply areas and yield predictions.

The maturity of artificial intelligence is increasing both the value and speed with which intelligence is
available. This will lead to greater transparency across supply chains, higher accuracy around biomass
availability predictions and the delivery of actionable insights, rather than data points, to stakeholders.

Policy: In the UK, there is an increased government focus on biomass sustainability, with a consultation on a
biomass sustainability framework (DESNZ, 2025) currently open (closing on 27" February 2026). Social and
environmental impacts are considered alongside biomass production sustainability. The UK imports
approximately a third of its biomass in volume. Monitoring international supply chains is especially
challenging, due to the cost of deploying on-the-ground infrastructure and boots-on-the-ground and potential
legal obstacles to do so. Due to their global coverage and regular revisits, as well as the wealth of different
satellite sensors currently available and planned, EO satellites are ideally positioned to improve transparency
across biomass supply chains through long-term monitoring (for example, a biomass production site’s yield
can be predicted, but also the area surrounding it can be monitored for environmental pollution or impacts on
the local human population). In addition, the use of satellites to monitor biomass supply chains ties in with
their extensive use to monitor nature-based carbon offsetting projects, especially those that are forest-based.

5. Companies with biomass monitoring capabilities

The UK has a strong capability in monitoring agricultural and forestry systems both in the UK and
Internationally. There is a range of companies that offer products that cover different parts of the biomass
supply chain. Some examples are provided below.

Using satellite EO data to map deforestation is a mature EO capability, with a range of companies, such as
Space Intelligence, providing this service as an off-the-shelf solution. These services include AGB maps, so
the biomass yield from forestry can be evaluated. For monitoring the risk and impact of fires and storms,
companies such as Geospatial Insight, EarthBlox and Environment Systems offer services using satellite
EO, and work with customers on tailored approaches.

Combining satellite EO with machine learning is a powerful method to identify and map crop types across a
landscape; companies such as Aspia Space and EOS Data Analytics. In addition, in the UK there are crop
maps such as CROME (Crop Map of England) that are freely available and are updated regularly (in the
case of CROME, it is updated each year). Assimila and Agrii UK offer an extensive suite of solutions around
crop monitoring, including yield forecasting and crop health monitoring. Abaco, Rezatec, Environment
Systems and Farmlmage are just some of the companies offering pest and disease monitoring for crops and
forestry through the use of satellite EO datasets.

Some other applications of satellite EO mentioned in the previous sections (e.g. calculation of plant lignin
content) are not available as commercial products; however we envisage that it will be possible to work with
academic institutions and/or commercial entities to develop such products, if this is required.

6. Conclusions

Satellite Earth Observation (EO) offers a uniquely powerful set of capabilities for assessing and predicting
biomass availability, as well as the impact of its production, making it a critical tool for enabling a sustainable
and reliable biomass supply to the hydrogen sector and more generally the biofuels sector. Its strengths -
global coverage at a high spatial resolution, frequent revisit cycles, multisensor observations and decades-
long historical archives - provide an evidence-based, scalable method for monitoring vegetation biomass
availability and sustainability. Satellite EO can quantify where biomass exists, help estimate how much will
become available when, and how its quality may vary over time. Thus, it directly supports operational
decision-making for biomass supply chains, enabling improved planning and reduced uncertainty and waste.
However, it should be noted that satellite EO measurements should be calibrated against relevant ground-

14 SentiWiki (2026) CHIME. Available at: https://sentiwiki.copernicus.eu/web/chime (Accessed: 16 February 2026).
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collected data, in order to create a correlation between the two datasets. The goal is to eventually use
satellite EO data independently, with no need for manual data collection.

As demand for biomass increases across multiple sectors, satellite EO provides an efficient, scalable and
globally consistent method to ensure that supply chains remain sustainable and resilient. Import-reliant
countries such as the UK can particularly benefit from satellite EO-based supply chain transparency. Satellite
monitoring can verify land-use change, deforestation-free sourcing, regrowth after harvesting, and potential
environmental risks around production sites. These capabilities enable the generation of auditable, spatially
explicit evidence supporting ESG reporting, compliance with sustainability standards and future regulatory
frameworks.

Looking ahead, new sensors - such as NISAR, BIOMASS and forthcoming hyperspectral satellites - will
significantly enhance biomass estimation accuracy and the monitoring of supply chain impacts. In
combination with advances in data fusion and Al, satellite EO datasets will increasingly provide actionable
intelligence, supporting predictive modelling of biomass availability and early detection of supply risks. This
creates an opportunity for the UK to leverage its EO expertise and leadership to take and maintain a
leadership position in sustainable biomass to hydrogen production.

Overall, satellite EO offers a robust, transparent and future-proof method for ensuring that biomass
feedstocks are available, sustainable and optimally utilised. Therefore, its use should be integrated into UK
biomass strategies in order to deliver secure low-carbon hydrogen production, reducing waste, managing
environmental impacts and supporting the UK’s transition to a resilient net-zero energy system.
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