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Sustainable Fuels

Trend Overview

Impact: Adoption:
Focus Areas:

Sustainability

Sectors:

Energy

The trend of Sustainable Fuels represents the trend toward using

alternative fuels that may deliver lower lifecycle greenhouse gas

emissions than conventional fossil fuels, depending on the feed-
stock, production pathway, energy source and end use. These fu-
els may be produced from renewable, waste-based, or synthetic

feedstocks and include conventional biofuels such as ethanol

and biodiesel, drop-in fuels such as hydrotreated vegetable oil

(HVO), and synthetic fuels such as e-diesel and e-kerosene.

Demand for sustainable fuels is projected to grow as organizations
worldwide strive to meet decarbonization targets. Particularly
sustainable fuels are among the principal options for reducing
lifecycle GHG emissions in aviation and maritime shipping, par-
ticularly for long-distance operations where direct electrification
currently faces significant technical and economic constraints.

Many sustainable fuels are “drop in fuels,” meaning they can
be used directly in existing engines and infrastructure without
significant modification. One example is sustainable aviation
fuel (SAF), which can be blended with conventional fuel (cur-
rent standard is up to 50%) and deployed immediately across
existing fleets and infrastructure, avoiding the need for new
aircraft engine technologies. This is a major advantage over
sustainable fuels like liquefied natural gas (LNG), hydrogen,
or ammonia, which typically require new storage, handling
systems, or engine adaptations.

Sustainable fuels can be broadly categorized into three main
types: biofuels, synthetic fuels (e-fuels), and other alternative low
carbon fuels such as hydrogen and ammonia. Their environmental
impact varies depending on the feedstock, production pathway,
and end use sector such as aviation, maritime, and road transport.

Biofuels are produced from organic feedstocks such as agri-
cultural residues, waste oils, forestry byproducts, and energy
crops. Biogenic feedstocks absorb CO, during growth, but biofuel
lifecycle GHG emissions also depend on cultivation or collection,
land-use effects, processing energy, transport, and combustion.
Some waste- and residue-based pathways can deliver lower life-
cycle GHG emissions than fossil fuels when assessed under an
applicable methodology. Common examples include biodiesel,
hydrotreated vegetable oil (HVO), and bio-based SAF.

E-fuels are produced by combining captured carbon dioxide with
hydrogen. When hydrogen is produced using renewable electric-
ity, synthetic fuels may achieve lower lifecycle GHG emissions
than fossil equivalents; the result depends on the electricity
source, origin of the captured CO,, conversion efficiency, and
the applicable lifecycle methodology. Examples include e-diesel,
e-kerosene, and e-methanol.

Emerging sustainable fuel options such as hydrogen, ammonia,
and green methanol are gaining traction as well. Hydrogen is
produced via water electrolysis powered by renewable electric-
ity, while ammonia is synthesized by combining that hydrogen
with atmospheric nitrogen. Because neither molecule contains
carbon atoms, their ultimate combustion yields zero CO, emis-
sions. However, unlike drop-in options, they require entirely new,
specialized propulsion systems and fueling infrastructure.

For logistics operators, increasing the use of qualifying lower-GHG

fuel pathways can support emissions-reduction targets and com-
pliance obligations where direct electrification is not yet feasible.
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Although e-fuels will only become available at scale as renew-
able energy capacity expands, sustainable fuels are rapidly
transitioning from pilot projects to early commercial scale. In
fact, drop-in fuels like HVO have even reached mature, large-
scale deployment. As global production volumes increase, these
fuels are being deployed immediately in existing fleets and
infrastructure across the supply chain, including air, sea, and
road transport as well as warehouse operations.

Drop-in biofuels may provide a near-term option for reducing
lifecycle GHG emissions in existing fleets while electric and hy-
drogen technologies develop. Depending on fuel specifications
and equipment approvals, some can be used with limited engine
or infrastructure modification.

As production capacity, policy support, and infrastructures
develop, qualifying fuel pathways may contribute to reductions
reported in relevant Scope 1 or Scope 3 categories, depending
on operational control, chain-of-custody arrangements, and the
accounting methodology applied.
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Sustainable fuels are the most scalable near-term solution to decarbonize logistics.

DHL (2026)
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Sustainable Aviation Fuels

SAF is currently the principal drop-in alternative to conventional jet
fuel for reducing lifecycle GHG emissions from long-distance air
freight without replacing existing aircraft and fuel infrastructure.

Hydrogen and battery solutions remain in early stages, making
full electrification not yet viable. As a result, SAF serves as the key
commercial pathway for decarbonizing aviation.

Certain SAF pathways can deliver lifecycle GHG-emissions
reductions of around 80% compared with conventional aviation
fuel, although actual performance varies by feedstock, pro-
duction pathway, and accounting methodology. Despite this
potential, supply remains extremely limited, accounting for only
a small share of global aviation fuel, highlighting the urgent need
to scale production through greater investment and demand.

In 2025, SAF output reached approximately 2.4 billion liters
(1.9 million metric tons), nearly double the 1 million metric tons
produced in 2024 - yet it still accounts for only around 0.6% of
total jet fuel consumption. SAF production growth is expected to
decelerate in 2026 due to high price premiums, policy gaps as
well as limited market maturity, underscoring the continued gap
between supply and demand.

Availability and high cost remain barriers to widespread adop-
tion. SAFs are derived from renewable sources such as biomass,
animal fats, oils, and alcohol, which can be blended with con-
ventional kerosene. Industry initiatives have brought together
aviation stakeholders to support SAF market development and
the reduction of lifecycle GHG emissions from aviation.

At DHL, we have expanded our Sustainable Aviation Fuel (SAF)
supply network globally. By 2025, we used approximately 185

metric kilotons of SAF, achieving a SAF blend of roughly 10%

across our air operations. This represents one of the highest SAF
utilization shares among global airlines, reflecting DHL's com-
mitment to accelerating the transition toward more sustainable

air transport. In May 2026, we added the first SAF production

facility in the Middle East to our global network, signing an

agreement with SAF One to secure 25,000 metric tons annually
for 10 years from the company’s Bahrain plant.

Looking further ahead, hydrogen-derived e-fuels and other
synthetic aviation fuels remain promising long-term solutions.
Startups like H2FLY and ZeroAvia are working on promising
concepts, but experts do not expect commercial application of
sub-regional and regional hydrogen fuel cell aircraft before 2030.
However, DHL experts view the scaling of SAF from advanced
feedstocks such as novel vegetable oils, agricultural residues,
and municipal solid waste as the more immediate priority.

Sustainable Marine Fuels

International maritime transportation, including vessels ranging
from small recreational boats to massive, ocean-going container
ships, accounts for roughly 2 to 3% of global greenhouse gas
(GHG) emissions, with total emissions estimated at 900 to 1,000
million metric tons of CO,e annually.

More than 80% of global traded goods are transported by cargo
ships, 95% of which rely on heavy fuel oil (HFO) for propulsion,
a residual fuel produced from petroleum refining, which emits
relatively large amounts of GHG when combusted.

Alternative marine fuels may lower well-to-wake GHG emissions
relative to petroleum-based marine fuels, depending on the
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production pathway and engine technology. Some alternatives
can also reduce sulfur oxides and certain local air pollutants
at the point of use, although pollutant profiles vary by fuel and
combustion system.

A wide range of SMFs are being explored, each with distinct
characteristics:

e Fossil LNG is currently the most widely adopted alternative
marine fuel, but its well-to-wake GHG performance relative
to fuel oil depends on upstream methane emissions
and methane slip from the engine; it therefore remains a
fossil-based option.

* LPG provides reduced emissions and benefits from
established infrastructure, making it a practical near-term
option, however its long-term viability is challenged by its
fossil origins and strict safety hazards.

* Methanol is a versatile and scalable fuel with simpler
handling and growing adoption potential, although supply
and cost remain challenges.

« Biofuels provide a near-term, drop-in solution compatible
with existing engines, though scalability is constrained by
feedstock availability and sustainability considerations.

* Ammonia contains no carbon and therefore produces no CO, at
the point of use, but its well-to-wake GHG performance depends
on how itis produced and managed; storage, toxicity, nitrous
oxide emissions, safety, and infrastructure remain challenges.

« Electric propulsion enables highly efficient, low-emission
operations for short-range vessels but is limited by battery
energy density and operational range.

« Hydrogen fuel cells produce no CO, at the point of use,
although lifecycle GHG emissions depend on hydrogen
production and supply. Storage volume, infrastructure, safety,
and technology maturity remain barriers to maritime
deployment.

* Nuclear propulsion offers high energy density and produces
no direct combustion-related GHG emissions during
operation, but lifecycle impacts, radioactive waste, security,
regulatory, safety, and public-acceptance issues remain
significant.

Taken together, these tradeoffs indicate that the maritime sector
will likely follow a multi-fuel transition pathway depending on
vessel types, routes, and infrastructure readiness.

Despite low fuel penetration, fleet transition is accelerating rapidly,
reflecting a growing readiness to adopt sustainable fuels. In 2025,

ship owners increasingly ordered alternative-fuel-capable vessels
across leisure and merchant ships. Vessel fuel capabilities are
diversified across LNG, methanol, ammonia, and hydrogen-based
fuel. LNG dominates this transition, followed by methanol, with
ammonia and hydrogen fuels still at an early stage of adoption.

The GHG intensity of maritime transport varies by vessel efficiency,
utilization, route, fuel pathway, and the lifecycle boundary applied.

The future of marine fuels is not a single-fuel shift but a gradual
transition to a diversified fuel mix, with retrofitting of existing
fleets and scaling of alternative fuel supply as the key enablers of
decarbonization.

Sustainable Fuels in Road
Transportation

Although electric vehicles (EVs) are rapidly becoming main-
stream for short to medium distance transport, especially in
light-duty and urban use, electrification remains challenging
for long-haul, heavy-duty transport due to limited range, long
charging times, and a shortage of suitable high-capacity truck
models. This means the industry continues to rely on combustion
engines running on fossil fuels.

Sustainable fuels represent a key near-term solution for decar-
bonization in road transportation, playing a complementary role
to electrification, particularly for segments that are difficult to
electrify. Biofuels are currently the most practical option because
they can be blended with conventional diesel. The IEA forecasts
that the share of biofuels in road transportation will rise from 5%
in 2022 to 10% in 2030.

This momentum is reinforced by policy and a strong shift by
traditional fuel producers toward biofuels and synthetic fuels.
Governments are actively supporting the growth of sustainable
fuels through blending mandates, incentives, and regulatory
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frameworks and major energy companies such as Neste are
accelerating investments in low-carbon fuels. The company’s
capacity is expected to reach roughly 6.8 million metric tons
annually by 2027.

The two primary truck biofuels in use are biodiesel (FAME) and
hydrotreated vegetable oil (HVO). Biodiesel is derived from
vegetable oils or waste fats (for example, recycled fats from the
catering industry) and can be blended with conventional diesel
(typically up to 7% in many regions such as the EU). HVO is veg-
etable oil that has been treated with hydrogen, offering similar
properties to fossil diesel that allow higher blend levels or even
100% substitution.

E-fuels are another emerging class of sustainable fuels, pro-
duced using captured CO, and green hydrogen from water split
by low-carbon electricity sources including wind and solar.
These fuels can reduce lifecycle emissions by up to roughly
75% compared to fossil fuels. Adoption remains limited due to
high production costs and early-stage commercialization, with
large-scale deployment dependent on further technological
and policy support.

Sustainable Fuels for
Warehouse Operations

Warehouses are among the most energy-intensive building

types, with material handling, heating, and hot water accounting

for a considerable share of total energy demand. Electrification

is the default decarbonization pathway, but it has real limits.
Alternative fuels may address some warehouse energy uses that

are not readily electrified and may reduce relevant Scope 1 emis-
sions, depending on the fuel pathway. Renewable electricity is an

energy source rather than a fuel and primarily affects market- or
location-based Scope 2 reporting.

Today, a significant share of material handling equipment (MHE)

in modern warehouses, such as forklifts and pallet movers, is

already electrified and powered by batteries. Electrified materi-
al-handling equipment produces no direct exhaust emissions at

the point of use; associated Scope 2 and lifecycle GHG emissions

depend on the electricity supply and accounting method. Howev-
er, battery-powered systems still present operational challenges

in high-throughput environments, including charging downtime,
battery swapping requirements, and space constraints for
charging infrastructure.

Hydrogen fuel cell technology is gaining traction for MHE, par-
ticularly in large-scale, high-intensity warehouse operations.
Fuel cell-powered forklifts offer continuous operation without
battery degradation, significantly reducing downtime. Refueling
takes approximately 2 to 3 minutes, compared to several hours

required for battery charging, while fuel-cell operation produces

no direct CO, or combustion-related air-pollutant emissions at the

point of use, while lifecycle GHG emissions depend on hydrogen

production and supply. This makes hydrogen particularly suitable

for multi-shift, high-utilization environments where operational

efficiency and uptime are critical. Leading companies such as Am-
azon and BMW have already deployed hydrogen fuel cell forklifts

at scale in their distribution and manufacturing facilities.

Beyond material handling, building heating and hot water pres-
ent a different decarbonization hurdle. Electrification of these
thermal loads can be challenging at scale, particularly in colder
climates or large industrial facilities. In this context, Biomethane
upgraded to the applicable gas-grid specification can be used in
many existing natural-gas boilers and CHP systems. Its lifecycle
GHG performance depends on feedstock, methane leakage,
processing, transport, avoided-emissions assumptions, and the
accounting method applied. RNG is chemically identical to fossil
natural gas and can be used directly in existing infrastructure,
including boilers and combined heat and power (CHP) systems,
without requiring major retrofits. Produced from organic waste
streams such as agricultural residues, landfill gas, and waste-
water, RNG supports circular economy principles while enabling
immediate emissions reduction in heating applications.

Sustainable fuels for warehouse operations allow logistics pro-
viders to take a more holistic approach to decarbonizing supply
chains — extending efforts beyond transport. This supports
compliance with emerging regulatory frameworks and aligns
with growing customer demand for end-to-end low-carbon
logistics solutions.
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Summary & Trend Overview

Challenges

Sustainable fuel production is constrained by resource
availability: feedstock scarcity limits biofuel output,
while e-fuel volumes depend on the expansion of
renewable electricity capacity.

Production of sustainable fuels from agricultural crops

can create competition for land and resources, poten-
tially driving deforestation, habitat loss, and biodiversity

decline, all of which have a negative climate impact as

well as impacting food security.

Lack of consistent standards and definitions makes
it difficult to verify sustainability claims and navigate
complex certification processes.

Demand for sustainable fuels exceeds current supply by
far, while production processes remain expensive and
require further technological advances to reduce costs.

Governments, suppliers, and shippers struggle to
understand the opportunities and challenges of sus-
tainable fuels given the range of fuel types, technology
pathways, and materials involved.

Many regions lack the essential infrastructure such as
fuel handling, blending facilities, hydrogen pipelines
and CO, transport network, as well as port readiness
needed to scale new fuels.

Related Trends
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Outlook

Alternative fuels are expected to contribute to reducing lifecycle
GHG emissions in selected aviation, maritime, road, and facility
applications, with their role varying by pathway, infrastructure,
cost, policy, and technology maturity. We anticipate markets for
sustainable fuels and technologies will grow and become more
robust, and we expect this will drive development and scalability,
increasing competitiveness against traditional fossil fuels.

Strategize — This trend has the potential
to fundamentally transform or

disrupt logistics with use cases in some
applications that can already be
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Unmanned Aerial Systems

Trend Overview

Impact: Adoption:
CONSIDERABLE 5-10 YEARS
Focus Areas:

Automation & Efficiency Customer Experience

Physical and Digital Security

Trend Clusters:

Robotics

The trend of Unmanned Aerial Systems (UAS) encompasses
drones, airships, helicopters, and other aircraft without a
human pilot or crew on board. While most existing UAS are
remotely controlled by a human pilot, advanced autono-
mous versions use sophisticated sensing technologies and
software-controlled flight plans to fly beyond visual line of
sight (BVLOS).

UAS have evolved rapidly from simply remote-controlled aircraft

into a diverse and increasingly capable category of aviation tech-
nology. They now come in a variety of sizes and configurations,
including single-rotor helicopters, multi-rotor platforms, fixed-
wing aircraft, and (hybrid) vertical take-off and landing (VTOL)

systems. Advances in energy technologies, including next-gener-
ation solid-state batteries and hydrogen fuel cells, are extending

flight endurance and enabling longer-range commercial opera-
tions. And rapid progress in artificial intelligence (Al), machine

learning (ML), computer vision, and sensor fusion technologies

is increasing UAS autonomy and operational reliability.

Modern systems can combine Global Positioning System (GPS),
Light Detection and Ranging (LiDAR), radar, and onboard vision
systems to navigate complex environments, avoid obstacles
in real time, and operate effectively even in areas with signal
interference. Swarm intelligence is also emerging, enabling
coordinated fleets of autonomous UAS to perform tasks such as
large-area inventory scanning, infrastructure monitoring, and
search-and-rescue operations.

As these capabilities develop, UAS are increasingly being
deployed across logistics and supply chain operations for a
wide range of applications, including parcel delivery, inventory

counting, infrastructure inspection, site security, and emergen-
Cy response.

In 2026, the market has begun to transition from isolated pilot
projects toward more scalable commercial deployment. Sev-
eral developments are accelerating adoption across logistics
networks: expanding BVLOS approvals, the development of Un-
crewed Traffic Management (UTM) and U-Space frameworks as
well as tighter integration with warehouse management, enter-
prise resource planning (ERP), and transportation management
systems. Furthermore, proposed regulatory frameworks, such
as the US Federal Aviation Administration’s (FAA) Part 108, are
designed to authorize and standardize routine BVLOS operations
and highly automated drone operations at scale.

As regulation matures, UAS deployment in logistics is expected
to expand across areas such as mid-mile transport, healthcare
logistics, rural delivery, and industrial supply chain operations
over the coming years. At DHL, we expect UAS to complement
traditional transport modes and enable faster, more resilient,
and increasingly autonomous logistics operations. They will
likely have the greatest impact on time-critical, remote, and
regional delivery networks where conventional transportation
faces cost, infrastructure, or capacity constraints.
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Unmanned Aerial Systems

Drone Industry Insights
Advanced Air Mobility (AAM) Components,
Regulation and Operation

Technology

Design & Operation

Advanced Air Mobility (AAM) is evolving into an integrated logistics ecosystem, combining cargo drones,
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enabling infrastructure, automation, and airspace management to support scalable commercial operations.

Drone Industry Insights (2023): Advanced Air Mobility (AAM) Components, Regulation and Operation Infographic
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Mid-Mile & Last-Mile UAS
Delivery Corridors

Delivery networks around the world face increasing logistics
volumes, rising demand for rapid fulfillment, and persistent labor
shortages. In response, the logistics industry is increasingly explor-
ing UAS beyond last-mile delivery to mid-mile transport between
logistics nodes such as warehouses, micro-fulfillment centers,
hospitals, factories, retail locations, and distribution hubs.

Mid-mile routes are often more operationally predictable, easier to
regulate, and better suited for BVLOS operations than dense urban
last-mile operations. As a result, logistics organizations are now
piloting scheduled drone corridors for time-critical and high-value
shipments, particularly across distances of 20 to 120 km.

For example, several healthcare logistics networks in Europe and

the US are testing autonomous drone routes between hospitals and

regional laboratories, where blood samples, diagnostic materials, and

urgent medical supplies are transported on fixed, repeatable sched-
ules. Similarly, pilot programs test UAS delivery corridors for moving

high-priority spare parts from distribution hubs to industrial sites

such as energy or manufacturing facilities, where consistent mid-mile

distances and controlled airspace make BVLOS operations feasible.

For last-mile delivery, UAS adoption continues to progress,
albeit selectively. The most viable applications remain rural and
semi-urban deliveries, particularly where road infrastructure is
limited or delivery density is low. Hybrid truck-and-drone deliv-
ery models are also emerging, where drones operate alongside
conventional delivery vehicles to optimize route efficiency, reduce
emissions, and improve delivery speed for selected stops.

Autonomous UAS Facility
Patrolling

Security and surveillance in large facilities is a challenging but
essential function. Human security patrols and surveillance teams

have limitations, and hidden intruders can easily go undetected.
UAS equipped with cameras offer a solution to mitigate the risk of
overlooking intrusion. The captured visual data can accelerate pa-
trolling tasks and increase the number of daily patrols at randomized
intervals. Al-based systems help identify threats more accurately,
capture and process more information, provide a bird’s-eye view of
a facility, and reduce the chance of missing suspicious activity.

UAS are also becoming more autonomous, leveraging 5G for
real-time data transfer and processing. Many can now operate
with increased speed, reduced latency, and improved reliabili-
ty —and some are equipped for fully autonomous operation. For
example, modern UAS-in-a-box security solutions no longer
need to be manually launched and retrieved, nor do batteries
need to be swapped or changed. Tethered solutions can keep
UAS airborne indefinitely.

UAS-based Inventory Counting

Many logistics organizations currently rely on human resources

to manage inventory, particularly warehouses full of palletized

goods on shelves. As shipments enter, rotate, and leave the ware-
house, workers must confirm stock counts and vacancy rates on

shelves. This makes real-time inventory management difficult.

Another common challenge is height: warehouse racking systems
are high enough to pose a safety hazard. While ground-based
warehouse automation technologies aim to solve this problem,
drones offer a viable solution for this expensive, time-consuming,
and risky activity.

Instead of dozens of workers scanning codes and recording
placements, drones equipped with cameras can be deployed
to quickly scan and count inventory. This is more efficient and
eliminates the need for aerial work platforms and other special
equipment to reach high shelves. A future system could theoret-
ically deploy fleets of autonomous drones, with a single human
operator overseeing operations and handling flagged exceptions.
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UAS-based inventory counting could lead to more frequent
stock counts and fewer personnel, which would benefit supply
chains by increasing data accuracy, reducing risk, and optimizing
warehouse operations.

At DHL, we have tested and deployed drone cycle counting solu-
tions globally, including the Eyesee solution from Hardis, and we
are collaborating with many technology companies around the
world to develop and pilot similar UAS solutions.

Dimensioning & Inspecting
Large Assets

Manual processes for dimensioning and inspecting large assets
are time-consuming. Inspectors must be meticulous because even
a small error — such as mismeasuring or missing an equipment
fracture — can have costly consequences. These tasks present a
workplace safety risk, especially when personnel must climb to
heights or walk on uneven surfaces.

UAS are poised to improve the efficiency of this process. For
example, Al-enabled drones with advanced sensors can measure

large-area stockpiles with below-centimeter precision in a matter
of hours. The manual process can take days. These drones leverage

several technologies, such as a global navigation satellite system

(GNSS) receiver to connect to more satellites for improved preci-
sion. Real-time kinematic (RTK) positioning and ground control

points (GCPs) achieve consistent data alignment over time, which

is vital for monitoring ever-changing stockpiles. Without RTK or
GCPs, maps may shift several meters, resulting in inaccurate stock-
pile measurements — especially when comparing data captured on

different dates. A photogrammetry engine and software such as

DJI Terra are used to process the captured images.

Airplanes are a good example of large assets requiring inspec-
tion. Inspectors have always done this manually, physically
walking around an airplane to assess its overall condition and
compliance with safety regulations. They carry out general visual
inspections (GVIs) to inspect, locate, and evaluate any visually
obvious damage, failures, or anomalies. They often rely on lad-
ders, scaffolding, and cherry pickers to reach areas that are not
visible from the ground.

New UAS solutions offer a compelling alternative for airplane
inspections. For example, automated aircraft inspection drones
made by Dutch startup Mainblades can autonomously inspect all
sides of an airplane, capturing data for inspectors to review.

In this use case, drones eliminate safety risks, free up staff, and
reduce time, which enables faster turnaround and more mis-
sions. These efficiencies are also likely to lower operational costs.

Heavy Lifting

Heavy-lift and long-range UAS are advancing rapidly, expanding
logistics applications beyond small-package drone delivery.
New cargo drone platforms can transport larger payloads over
regional distances, enabling use cases such as inter-facility
replenishment, offshore delivery, medical logistics, and urgent
spare-parts transport. MightyFly, Dronamics, Elroy Air, and ST
Engineering are among the companies developing autonomous
cargo aircraft optimized for mid-mile logistics operations.

At the same time, the technology is expanding into other auton-
omous aerial cargo platforms such as airships and hybrid VTOL
aircraft. Hybrid Air Vehicles and Flying Whales are two companies
developing heavy-lift airships designed to transport oversized
or high-volume cargo to remote or infrastructure-constrained
regions. These platforms are particularly relevant for industrial
supply chains, energy and mining operations, disaster relief, and
remote-area logistics where road or airport access is limited.

Together, these developments are broadening the role of auton-
omous aerial transport from niche parcel delivery to larger-scale
regional and heavy-cargo logistics applications.
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Summary & Trend Overview

Challenges

The absence of a global and country-specific regulatory
framework prevents drone operators from scaling oper-
ations in ways that protect public and manned airspaces.

The negative image of drone technology, which has
been deployed in warfare, organized crime, and other
irresponsible uses, is an obstacle to regulatory and
public acceptance.

Drone noise, along with privacy and safety concerns,
hinders social acceptance.

Specialized drones designed for industrial and commer-
cial use carry a high price tag, driven by the advanced
technologies (e.g., chips and sensors) they require.

Related Trends

Augmented Workplaces Wearable Sensors Smartification

%)

Sources
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1. Anicho, Ogbonnaya. (2023): Defining and Implementing Autonomy in Multi-Drone Systems.

2. Sent Into Space (2025): Could Cargo Airships Revolutionise Logistics?

3. Eli Dourado (2024): Cargo Airships

4. European Union Aviation Safety Agency (EASA) (2025): Drones (Unmanned Aircraft Systems — UAS)
5. Allianz Commercial (2024): The Uses and Benefits of Unmanned Aircraft Systems (UAS)

6. Flying Whales (2025): Flying Whales — Heavy Lift Airship Solutions

Outlook

UAS technology is developing rapidly, enabling many use cases
in logistics and supply chains. However, regulations, social ac-
ceptance, and cost remain key challenges impeding commercial
deployment.

At DHL, we anticipate that UAS uptake in logistics will vary by
application. Adoption in public spaces will likely be slow, espe-
cially for last-mile deliveries in dense urban areas. By contrast,
use cases in remote areas will expand in the next few years. We
also expect increased use of UAS inside logistics facilities like
inventory counting.

The convergence of autonomous flight, digital airspace
management, and advanced cargo drones is enabling UAS to
become an integrated component of future logistics networks,
improving speed, flexibility, and operational resilience.

Prepare — This trend has the potential to
bring substantial change across logistics
with developments and use cases on

the horizon.

7. Cello Square (2024): Drones in Logistics: Warehouse Inventory Management and Beyond

8. PwC UK (2024): Windracers Case Study — The Impact of Drones on the UK Economy

9. Flying Whales (2024): LCA60T Airship Presentation (YouTube Video)

10. Le Parisien (2026): L'Ariege teste des “autoroutes d drone” pour le transport de
prélévements médicaux
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Wearable Sensors

Trend Overview

Impact: Adoption:
Focus Areas:

Automation & Efficiency  Safety & Future of Work

Physical & Digital Security

Trend Clusters:

Bionic Enhancement Internet of Things

The trend of Wearable Sensors describes sensor-equipped
devices worn on the body to capture movement, behavior, and
work-related conditions. These smart wristbands, connected
badges, smart glasses, integrated textiles, and other devices
are designed to improve operational efficiency, safety, and
worker well-being.

Wearable sensors continue to shrink in size and open new
possibilities, such as integration into clothing (smart textiles).
Recent innovations are moving beyond single-parameter track-
ing toward continuous, multi-analyte biosensing. For example,
Adaptyx Biosciences raised US$14 million in 2025 to develop a
wearable patch capable of monitoring a wide range of molecular
biomarkers in real time.

Industrial applications already represent a significant share of
demand, accounting for nearly 28% of wearable sensor adop-
tion in the US market. As such, many logistics organizations
have begun implementing various smart wearable devices and
equipping facilities with wireless communication infrastructure.

Wearable sensors support ergonomic risk detection, fatigue

monitoring, and heat-stress prevention. Early deployments of

Al-enabled wearables have demonstrated significant safety ben-
efits, including case-study reductions of up to 86% in ergonomic

injuries and 91% in strains and sprains. Overall, wearable sensors

provide a critical data source for safety, health, and process-re-
lated analytics within connected logistics operations.

While the impact of this trend on logistics is expected to be
moderate, wearable sensors represent building blocks for da-
ta-driven logistics networks. These devices are already active
in modern logistics operations, providing targeted operational
insights while improving workplace safety and efficiency.

At DHL, we expect wearable sensors to become largely com-
monplace in the near term. However, while many applications
are technically feasible today, navigating worker anonymity and
strict data privacy regulations remain limiting factors.
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Wearable sensors are embedded across different types of body-worn devices,
enabling real-time data collection.

Kong, Xiang (2019): Industrial wearable system: the human-centric empowering technology in industry 4.0

Relevance to the Future of Logistics

Motion Monitoring for Process
Intelligence

Operational optimization is a continuous and essential business
process, but many workflows are difficult to track digitally. Wear-
able sensors offer a solution to that challenge, providing clear
value for logistics operations. Data is collected as workers move
through daily tasks and then analyzed using algorithms to gen-
erate detailed insights and identify improvement opportunities.

For example, DHL Supply Chain used the GDPR-compliant Motion
Mining platform, developed by German startup MotionMiners, to
collect data from purpose-built wearable devices. The goal was to
identify process waste and improvement potential. The automated
process produced a large, detailed dataset free from observation bias.

As wearable devices such as smart glasses and wearable scan-
ners become more widely implemented in logistics operations,
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organizations increasingly reuse the sensors already embedded
in these devices to generate continuous process insights, rather
than introducing additional purpose built hardware. For example,
ProGlove offers the ProGlove Insights platform alongside its
wearable scanners to convert raw operational data into actionable
shop-floor intelligence.

Wearable-based Ergonomic
Risk Monitoring

Ergonomic workplace hazards are one of the main causes of
musculoskeletal disorders (MSDs), which are the most com-
mon work-related health issues in the EU. MSDs are costly for
business, increasing sick leave and early retirements. Wearable
sensors can lower the MSD risk in two ways: by providing re-
al-time feedback that helps train users to adopt more ergonomi-
cally friendly movements or by leveraging data-driven insights to
evaluate and mitigate ergonomic risk in processes or work areas
on a continuous, preventive basis.

For training, wearable solutions monitor worker movements
and detect high-risk postures such as bending, overreaching, or
twisting. These devices provide real-time haptic feedback, such as
vibration alerts, prompting users to correct unsafe movements im-
mediately. Soter Analytics, Kinetic, and StrongArm Technologies
are among the companies offering wearable devices for training.

Many of these solutions also connect to analytics platforms that

aggregate movement data across individuals, shifts, and pro-
cesses to identify systemic ergonomic risks and enable targeted

interventions and workflow optimization.

Beyond movement-based ergonomics, wearable sensors increas-
ingly capture physiological data to enable fatigue and heat-stress

monitoring. These devices continuously track specific parameters,
such as heart rate, skin temperature, and activity levels to detect
early signs of fatigue, overexertion, or heat strain in real time. They

trigger alerts when certain stress levels are reached, enabling

rapid intervention before health incidents occur.

In addition, the aggregated data from across the workforce can
be analyzed to identify patterns in workload, shift structure, or

environmental conditions. This allows preventative operational
adjustments (e.g., break schedules, staffing, workplace conditions)
to reduce risk exposure and improve overall worker well-being.

Allin all, wearable-based ergonomic risk monitoring is evolving
from a reactive alert solution toward data-driven preventative
health and safety management. However, individual health data
is considered highly sensitive and therefore an obstacle to user
acceptance. This requires strict anonymization of user data.

Real-Time Indoor Worker
Localization

Wearable sensors introduce the ability to track worker location,
which opens an array of potential use cases that could improve
occupational safety and health (OSH). For example, an injured
worker can be located faster after a person-down alert has been
triggered. Also, real-time indoor localization systems can prevent
accidents between pedestrians and forklifts by issuing collision
warnings to both the worker and the driver so they can take
preventive action. These systems work best in environments with
sufficient localization accuracy and low latency data transmission.

Wearable sensors are also being used for automated reporting
and billing. In multi-customer logistics facilities, for example,
billable work hours per customer can be captured by collecting
data on time spent by employees in each customer’s specific
areas. In addition, wearable sensors can be used to automate
access control, restricting access to specific areas, vehicles, and
tools to those individuals with the required training or experience.

The costs of worker localization systems typically depend on the

level of accuracy and the data transmission speed. Ultra-wide-
band-based solutions provide high-accuracy tracking in real time

but require a substantial investment in devices and infrastructure,
preventing scaling beyond safety critical or high value use cases.
Bluetooth Low Energy (BLE) costs less to deploy and is less accu-
rate but is often sufficient and therefore the preferred choice. For
example, the Norwegian startup Sonitor uses BLE and ultrasound

technology for real-time indoor localization that supports auto-
mated labor reporting, geo-fencing, or indoor navigation.
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Challenges

Data privacy concerns can limit acceptance and hinder
adoption; addressing this requires strict, transparent,
and GDPR compliant anonymization and governance of
collected data alongside clear communication regard-
ing purpose, data usage, and retention.

The growing number of applications for wearable
sensors risks becoming a burden for workers; user ac-
ceptance increasingly depends on perceived personal
benefit, ease of use, and trust in data handling, as well
as prioritizing multi-functional devices that integrate
seamlessly into existing workflows.

High-precision localization systems require significant

infrastructure investment, leading many organizations to
deploy them only for safety critical or high value use cases.

Related Trends

Indoor Mobile Robots Computer Vision
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Sources
1. U.S. Government Accountability Office (2024): Wearable Technologies in the Workplace
2. Frontiers in Public Health (2022): Wearable Biosensors in the Workplace:
Perceptions and Perspectives
3. DHL Supply Chain (2026): MotionMining®

Outlook

As more wearable sensors are introduced into logistics oper-
ations, the market is moving away from devices purpose-built
for each use case toward solutions that leverage data from built
in sensors. Cost continues to limit scaling of highly accurate
localization systems, but we expect the democratization of de-
vices and support infrastructure to reduce the price per use case.
Generic gateways will lower the entry barrier for these kinds of
applications and enable broader reuse of shared infrastructure
across multiple applications. Advances in electronic miniaturiza-
tion, flexible printed circuit boards (PCBs), and battery life will
accelerate the use of smart textiles.

Explore — This trend has the potential

to deliver incremental improvements to
logistics with implementations available
for many use cases today.

Remote Operations

=

4. DHL Supply Chain (2026): Wireless Sensors for a Safer Work Environment at DHL Supply Chain
5.DHL (2026): DHL SmartSensor
6. DHL Supply Chain (2026): Wearables Inspiration Day
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