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We are thirteen university students who applied for Aalto Founder School, We have the ambition and desire to
do something big in our lives, but wa do not know exactly what. By writing this report, we are able to dig deeper
into our own ideas and gain o better understanding of what is missing in the world and why. This repart is our
attempt to figure out what will happen in the years ahead ond where we will be in that future,

Before we started interviewing and writing, we began by choosing the industries and thames we wanted to
explore, It was d long process, as we wanted 1o choose the right ones and not anger anybody, At the same
tima, we wondered how many different topics we should have. After the long start, we divided ourselves into
three teams and jumpead right in. In total, we did over B0 interviews and visited a waste plant and an elderly
care home to get a better grasp of these industries, When it wos time to put pen 1o paper, it got chootic for the
whaole group. Howewver, as you can see, we managed.

Quite naively, we thought this would be easy. It was not, But the problems and challenges we experienced are
the reason why wa joined this program. Thare were moments when we were tired. We did not want to do an
interdew and just wanted to go to sleep, but having a great team helped us push through it. One person in our
tearn sent 50 emails on o Sunday just to be able to gat enough interviews. As of writing this, the design team is
working on a Sunday night to finish their work, These are just o few of the rmany sacrifices our team hos made.

Despite all the challenges we faced, thers is no doubt that we will be reminiscing about them, We have learmed
so much together having to decide on what topics to include in the report, determining who takes
responsibility, and overall lzarming to deal with each other Waorking hard on an idea and having it cut from the
paper is not fun, but it teaches you not to take things perscnally. There are, once again, way oo many
exomples that could be written here,

We are grateful for the organizers of Founder School for giving us this opportunity. The Sgprint has not only
created o very tight team but also provided an incredible experience for learning and self-development.

Finally, we want to thank all the people who agreed to be interviewad, You welcomed our curiosity with
generosity, We couldn't have done this without you.
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ADL

Activities of daily living
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B2C

Business-ta-Consumer

BIM

Building Information Modeling

BREEAM

Building Research Establishment Environmental Assessment

Method

CAD

Cn;‘;lmpuln}r—.ﬁ.ll:h_:ri Dl_:ﬁigrl

CapEx

Capital Expenditure

CAGR

Compound Annual Growth Rote

CES

Consumer Electronics Show

CSRD

Corporate Sustainability Reporting Directive

CPR

Construction Preducts Regulation

CNN

Convolutional Neural Metwork

ECG

Electrocardiogram

EHR

Electronic Health Record

EHDS

Europeoan Health Data Spoace

ESEF

Eurspaan Single Electronic Format

ERI

Economic Research Institute

EUDAMED

European Database on Medical Devices

ESRS

European Sustainability Reporting Standards

FF/FL

Flaor Flatness, Floor Levelness

GNSS-RTK

Global Havigation Satellite System - Real-Time Kinematic

HaH

Hospital-at-Hame

HDPE

High-Density Palyethylene

HVAC

Hesting, Ventilation, and Air Conditioning

ICT

Information and Communication Technology

LCO

Lithium Cobalt Oxide

LFP

Lithium Iran Phosphate

LIB

Lithium~lon Battery

LIBS

Laser=-Induced Breakdown Spectroscopy

Lidar

Light Detection and Ranging

LG

LG Corporation

ME&A

Mergers and Acquisitions

MDR

Medical Device Regulation



/1 Abbreviations

NCA SAM YOLO

Nickel Cobalt Aluminium Serviceable Available Market You Only Look Once
NFRD SLAM
Nen-Financial Reporting Directive Simultaneosus Localizatien and Mapping

NMC

Nickel Manganese Cobalt

PET

Palyethylene Terephthalate

PLC

Programmable Logic Controller

PP

Polypropylene

PPE

Personal Protective Equipment

Raa$S

Robotics-as-a-5ervice

ROI

Return on Investmeant

ROS

Robot Operating System

RPM

Remote Patient Monitoring

SME

Small and Medium-sized Enterprise

SOM

Serviceable Obtainable Market

SSOT

Single Source of Truth

TAM

Total Addressable Market

TEN-T

Trans-European Transport Metwark

UAV

Unmanned Aerial Vehicle

UWB

Ultra-Wideband

vC

Venture Capital

XRF

X-ray Fluorescence



1Introduction

Robotics is entering o new phase of technological and
commercial maturity, moving beyond task cutomation toward
higher levels of autonomy. This report explores this shift through
three distinct sectors: elderly care, waste management, and
construction. Each presents different challenges and
opportunities. While elderly care requires safe operation within
complex and intimate human contexts, waste management is
shaped by extreme material variability in harsh industrial
environments. Construction, in turn, demands strength and
precision in open, unstructured settings.

Our selection reflects our team's diverse backgrounds and a
deliberate effort to understand how robotics evolves across
different real-world contexts. Rather than focusing on highly
publicized demonstrations, we concentrate on  practical
applications in established industries where economic value can
be clearly measured.

These sectors are operationally distinct, but they share one
important feature: they are large, essential industries today and
are expected to remain so in the decades ahead. Technological
change in these fields therefore carries meaningful economic and
societal impact.

This report examines robotics through three distinct sectors:
elderly care, waste management, and construction. Each
presents different challenges and opportunities. Elderly care
demands empathy, adaptability, and safety in intimate human
interactions. Waste management requires handling infinite
material variety in harsh industrial conditions. Construction needs
strength, precision, and operation in unstructured outdoor
environments.

“Al is transforming every
industry, and companies that
can scale Al in the physical
world will define the next era of
human progress” (VML, 2026)



Z1What is a Robot

Any automatically operated machine that replaces human effort, though it may not resemble
human beings in appearance or perform functions in a human-like manner (Encyclopcedia
Britannica, n.d.)

/1 Automation vs Autonomy

Automation involves executing pre-defined rules. If there are changes in workload, system
architecture, or release schedules, humans must manually update or rewrite those rules to
adapt (Bentley, 2025).

Autonomy enables systems to learn from context, adapt to new situations, and act
independently. Instead of specifying step-by-step instructions, engineers define the desired
outcome, allowing the system to determine how to achieve it (Bentley, 2025).

10



/] Robotics: A Modern Picture
/] What's Possible Today

Industrial Manufacturing
Applications

Industrial robots successfully automote specific, well
defined manufacturing processes with high precision
and consistency. [raining requirements howve
dramatically reduced from twoe weeks in the 1980s to
approximately two hours today. In woste mandgement,
vision-bosed  sorting robots  are commercially
aperational with out-of-the-box classifiers achieving
approdimately 0% oacocumacy. Data collection
capabilities enable operators to track throughput and
optimize processes in real-time,

Service Robotics
and Al Systems

Consurner  procucts ke wvacuurmn  robots and  floor
cleaning robots function reliably in structured home
ernvironments, with entry-level products availacle for
approdimotely €100, Object  recognition  and
classification work adequately for trained cotegaories in
controlled conditions. Visual-language-action models
con process image and text inputs to generate robotic
actions in laboratory settings.
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Humanoid Robots

Modern humonoids demonstrote  impressive physicaol
capakiities including backflips, running, and acrobatic
movements. Hardware costs have  plummeted o
opproximately €2000 for basic plotforms, while open-
source robotic arms enable widespread experimantation
ot €200-300 price points,

“The world is built for humans who have two hands.,
That's why a humanoid robot kind of makes sense
because it is similar to the human body.” (Expert at
Imternational Alllance of Robotics Association)




/] Robotics: A Modern Picture

/] What's Possible in 5-10 Years

Enhanced Industrial
Automation

Reconfigurable production lines with motile robots will
enable small-patch  production. Veoice and  gesture
control con become more reliable for industrial use,
allowing natural  communication with robots, Data-
driven optimization will transform manufacturing, with
robots providing unprecedented process wisibility and
real=times gquality contral based on market conditions.

Collaborative Robotics

Collabarative robots will function as tools supporting
human workers, enabling them 1o triple production by
gutomating simple  taosks. Speciolized robots  for
inspection and monitoring will proliferate, whils demain-
specific  deployments  will  expand  in hazordous
environments like deep mining ond automaoted
wirshouses,

Service Applications

Robots may follow the smaortphone plotform model,
where users “train’ them for task-speciic applications,
Service mobots  will find  applications  in - special
therapeutic contexts, and as guides in museums and
airparts,




/] Robotics: A Modern Picture
/] What is not Possible in 5-10 Years

General Purpose
Robots

Universal mbots copable of performing  diverse
household  tasks will not emearge, Robots lack the
contextual reasoning to understand why tasks should be
performed or how context changes execution.

"Thera will not be universal rebots in 20 yvears.” (Head of
Robatics research group).

Dexterity
and Adaptation Barriers

Hand=finger dexterity will remain a critical bottleneck
Multi-material object handliing at industrial speeds will
remain impossiole. Environmental sensitivity will parsist:
each new installation will require extensive retraining.
Home anvironmants whera objects appear

unpredictalbly will defeat robotic systems designed for
structurad sattings,

Safety
and Economic Constraints

Full cutonomy conflicts with safety standards requiring
human oversight for critical decisions. Human workers
costing  €30000-43,000  annually  remain more
gcanamical  than €300,000 mbot  investments  for
general-purpose tasks,




7/1Summary

Waste Management

Environmental imperative. The rapid electrification of
transportation is creoting an unprecedentad Eol battary
waste stream that will surge between 2030 and 2035,
posing significant contamination risks if proper recycling
infrastructure is not established.

Technological advancement. Al-powered robotics ars
transforming  waoste management, enabling  precise
material  identification and  recovery  of  valuoble
materials thot traditional melting processes  would
destroy.

Economic consclidation. Major industry mergers have
created wel-capitalized operators that can invest in
capital-intensive recycling infrastructure and advanced
technologies.

Regulatory pressure, Stricter woste  management
mandates and  sustainability reporting  requirements
make advanced recycling  systems  essential  for
complionce,

Spectra. It is an industrial sorting system that simplifiss
the lithium-ion battery recycling process. The systemn
automates the identification and separation of battery
cells without cpening them up.

Elderly care

Aging population. The shore of people owver &0 is
projected to nearly double globally by 2050, This creates
higher demand for long-term care, home monitoning,
and chronic disecse management, putting pressure on
hospitals and care systerms.

Shortage of caregivers. Many countries foce o structural
shortoge of nurses and coregivers due to retirements,
high turnover, and declining jolb attractiveness, Al and
rabotics are being adopted to handle repetitive and
administrative tasks.

Regulatory hurdles. ELl rules like the MDR and 4l Act
classify medical Al and robotics as high-rsk. Compliance
reqguires strict saofety, human oversight, and dato
governance,  slowing  product  deployment  ond
inmovation.

Social robets. Robots like Parc and Lovot are used to
reduce loneliness and support cognitive haalth, LLMs
endble naturgl convarsation, helping seniars reminisce
and engoge without replacing human care.

Exoskeletons. Wearable exoskelstons are becoming
lightar, safer, and cheaper. They prevent falls, support
mokility, ond mointain independence.  Subscription-
based models (RaaS) maoke them occessible and
rausdkle as needs change,

Construction

Aging werkforce. The average age of the construction
workfarce is =50 vears, Alongside the older workforce, o
lack of skiled lakor will place a huge pressure on the
construction industry, especially as a significant part of
the workforce naars retirement in the upcoming decade.

Technolegy adeption. The industry struggles to adopt to
technological innovation due to tight, industry wide
marging alangside increasing project costs,

Lack of trust. Stakeholders of construction projects do
not trust each other, creating o bottleneck to increased
industry productivity, becouse it forms data silos and
disintagrated workflows.

Outdated legislatien. Construction SMEs consider slow-
moving regulations as their biggest obstacle, while over
half the construction companies in the EU view
regulations as a hurdle for investment. Regulators also
face challenges in project certification due to the
cambination of cutdated regulations with increcses in
construction project complexity.

Exoskeletons. Wearable exoskeletons are becoming
lighter, safer, and cheaper. They prevent falls, support
molility, and maintain independence. Subscription-
based models (RaaS) make them occessible and
reusable gt needs change.

14
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/1Methodology

We adopted a mixed-methods
research approach, combining
gualitative and quantitative
methods to build a comprehensive
understanding of the selected
industries. Findings were extensively
validated through triangulation.

Semi=-structured
interviews

Field observation

Secondary data sources
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Al-Powered Robotics

Al robotics are revolutionizing waste sorting through
advanced machine learning, enhancing efficiency and
sustainability despite high capital barriers.

Artificial intelligence hos fundamentally transformed woste managemeant over the past
decade, evolving robotics from  simple automated  sorting  mechanisms  into
sophisticated systems copakble of leamning, adapting, and making complex decisicns.
‘While early robotic systems relied on basic framaworks lke the Robot Operating System
(ROS) and programmalble logic cortrollers [PLCs) to coordinate mechanical sorting
processes (Wardhono et al, 2023 Guigley et al, 2009, todoy's woste manogement
facilities increasingly deploy Al-powered robots that can wvisually identify materials,
distinguish betwaen contaminatad and recyclable items, and continuously improve thair
performance through machine leaming algerithms.

Facts

Advanced visual recognition capabilities. Modemn waste sorting robots  utilize
convolutional neural networks (CNNs) and object detection systems like YOLO (You Only
Look Once) to identify and classify waste materials with increasing accuracy rates
(Krizhevsky et al, 2012 Redmon et al, 2018). Companies like AMP Roboties and
ZerRobotics have deployed Al-powered sorfing systems in facilities across Morth
America and Europa, processing thousands of tons of recyclooles daily (ZenRobotics,
2025; AMF, 2024).

Granular material differentiation. Semantic segmentation maodels enable robots to
analyze waste ot pixel level, distinguishing between subtle material variations such as
different plastic polymer types (PET, HDPE, PP) or identifying food contamination an
packaging (Chen et al., 2007},

Self-improving systems. Reinforcement learning algorithms allow waste sorting robots
to optimize their operations over time based on ervimnmental feedback, adjusting
picking speeds, grip pressure, and sarting decisions to maximize eficiency and minimize
errors (Sutton & Barto, 2018,

Drivers

Surge in venture capital and corporate investment. The waste managemeant Al and
robotics sector has experienced explasive investment growth, with companias like AMP
Robotics raising over $17% millien in funding by 2023 and achieving unicorm status with a
valuation exceeading 31 billlan (Crunchbase, nd.).

Regulatory demdands and circular economy geals. Governments worldwide dre
implementing stricter recycling targets and extended preducer responsibility legislation,
recquinng higher recovery rates and matenal purity

Challenges

High capital investment. Implamenting Al-powered robotic systams requires substantial
upfront investment, often ronging from 3500000 to several million dollars per
installation. It can be challenging to estimate the pay-back period and returm-on=
investment for waste facilities as the industry has long cycles for renovation planning
{Former CEQ at waste robotics company, personal communication, January 26, 20248).

Data dependency and algorithmic bias. Al models reguire extensive training datasets
representing diverse waste streams, and performance can degrade when encauntaring
unfarmiliar packaging designs or regicnal waste variations (Postdoctoral researcher in
Machine Learning, personal communication, 28 January, 2024).

Impact

Continuous operational efficiency and performance consistency. Al-powered robotic
systems operate around the clock without fatigue, maintaining consistent sorting
accuracy and throughput raotes 24/7 This uninterrupted  performance  ensures
pradictable output quality and enobles focilities 1o meet controcted recycling targets
reliccly, though effectiveness depends on proper system calibration and maintenance
protocels  (Expert ot Intermational Allance of Robotics  Association, personal
communicatien, January 27, 2024},

Data-driven accountability and sustainability reporting. Unlike human sorters, Al-
powerad mbots generate comprehensive real-time dato on woste composition,
contamination rates, and material recovery by source, This gronular dota proves
invaluable for Corporate Sustainokility Reporting Directive (CSRD) compliance, allowing
companies to track their waste generation patterms and verify sustainability claims with
auditable evidence (Former CEQ at waste rabotics company, personal communication,
January 24, 2026).



Molecular Recycling

Molecular recycling transforms non-recyclable plastic
waste into virgin-quality materials through chemical
breakdown, bridging the gap between current recycling
limitations and strict global circularity mandates.

Molecular recycling, also known as chemical or advonced recycling, represents a
paradigm shift in how the waste management industry processes plastic waste that
hos traditionally been destined for landhlls or incineration. Unlike mechanical recycling,
which brecks down plastics into pelets through physical processes, molecular reaycling
uses chermical processes, including pyrolysis, gasification, and selvolysis, to break plastic
polymers down to their molecular building blocks. This technology enables the
conversion of mixed, contaminatad, or previously non-recyclable plastics into virgin-
guality raw materials that con be used to create new plastics, fuels, or chemical
feedstocks, effectively creating a circular economy for materials that would otherwise
contribute to environmental pollution,

The complete transition from mechanical and traditional chemical recycling to
molecular recycling is, however, still underway with varying opinions on the timing
{Senicr Vice President ot o publicly listed circular econcmy company, perscnal
communication, 28 January, 2024).

Facts

Recycling Market Value. The global chemical recycling markat was valued ot
approximately $14.8 Billion 2023 and is projected to reach $269 billion by 2030, driven by
massive infrastructure investments and a shift towards a more circular plastic econamy
IGrand View Research, 2024),

Petrachemical Participation. Major petrochemical companies have committed billions
to building molecular recycling facilities. BaxonMobil announced plans to process
500,000 metric tons {opproximately 1 billion pounds) of plastic waste annually by year-
end 2024 through its Exxtend technology [ExxonMakil, 2022)

Drivers

Mandate Recycled Content: The EU will require 30% recycled content in plastic bottles
by 2030, which connot e achieved through mechanical recycling alone (European
Commission, 2019).

Reducing Plastic Pollution While Preserving Quality: Brands face regulatory demand to
include recycled contents in their products, but recycled plastic may not meet food-
grode ond medical-grade requirements for consumer products (Ellen Mocarthur
Founduation, 2023).

Challenges

High Deployment Cost: Tha chemical recycling oparating costs range from $300 to
£1,000 per ton compared to $50 to $200 per ton for mechanical recycling, making
maolecular recycling dependent an favorable palicy support, carbon credits, or premium
pricing from committed brand partners (Oliver Wyman, 2024)

Erwironmental Concerns: Depending on the specific type of chemical recycling, the
wiglds can be lower and the energy used can be more intensive than mechanical
recycling and energy recovery (Ueskert et al,, 2023),

Impact

If successfully deployed at industrial scale, molecular recycling is expected to expand
circular econormy by enabling the recycling of multi-layer packaging, colored plastics,
and contaminated waste streams that reprasent d significant portion of plastic waoste
currently excluded from traditional recycling systems. Notably, approximately 40% of the
100 millien tons of multilayer thermoplastics produced alobally each year becomes
manufactuing waste that connot be recycled through conventional methods and
typically ends up in landfills or incinerators (University of Wisconsin-Madison, 2024),
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Direct Recycling

Direct recycling advances battery recovery by
preserving and repairing cathode structures instead of
dissolving them, significantly reducing energy use and
waste while requiring high-purity material streams

The lithium-ion bartery (LIB) recycling industry is undergoing o fundamental
transformation, moving away from troditional pyrometallurgical approaches toward
more sophisticated  hydrometallurgical  processes and  emerging  direct  recycling
meathods, Direct recycling represents o paradigm shift that aims to preserve cothode
materials rather than dissolving them entirely, separating cathode powders, removing
contaminants, restoring ithium content, and repairing  crystal  structures  through
controlled heat treatment (Harper et al, 2009). While currently limited to homoganeous
straams like production scrap, this approach promises to save enargy and preserve the
embedded value of cathode monufacturing. Positioning it as a potentially game-
changing solution for sustainable battery woste monagement (Postdoctoral researcher
in Hydrometallurgy and Corrosion, personal communication, 28 January, 2034).

Facts

Transition te Hydrometallurgical Flowsheets: The chemical recycling industry is shifting
from simple pyrometallurgical methods to sophisticated hydrametallurgical or Fylrid
flowsheets, enoiling better materiol recovery of critical metals inchuding lithium {Zeng et
al., 2004,

Hen-Destructive Techniques: Advanced non-destructive charactanzation technigues
such as X-ray flucrescence [XRF], loser-induced breakdown spectroscopy LIBS), and X-
ray CT are being deployed on moving conveyors, These technologies dentify cothode
chemistry and internal battery conditions in real-time (Veldzgquez-Martinez at al, 2019,

Al and Digital Twins: Al-supported control systems and digital twins are being explored
to optimize reagent ond energy use. This maintains product quality, replacing
traditionol fixed-recipe approaches with adaptive, model-basad control (Xu et al,
2020)

Driver

Growth of EVs: The explosive growth of electric vehicles and stricter environmental
requlations worldwide are creating massive volumes of used batteries thot need
sustoinalkle processing solutions, pushing the industry to develep smarter, more efficient
recyeling methods (Fan et al., 2020).

Widening Partnerships: Battery recyclers are  increasingly  partnarng  with
manufacturing plants and even building focilities next door to battery factories,
creating closer collaboration that encourages stondordized processes and shared
information systerns (Zhang et al., 20018).

Challenges

Precision and Purity: Direct recycling requires incradibly precise conditions and purity
levels to produce materials good enough for new batteries, making it extremesly
sensitive to contamination and difficult to use when different battery types get mixed
together (Harper et al., 2019).

Difficult to Remove Parts: Taking apart ald bottery pocks remains largely a manual job
because monufacturers have designed thousands of different configurations optimized
for performance and cost rather than easy disassembly, with glued components and
complex fasteners that resist robotic handling (Harper et al., 2019,

Impact

The shift from rigid, pre-programmed processes to smart, self-adjusting systems
recuces chemical waste and energy consumption while improving how much valuable
material can be recavered from old batteries (Fan et al., 2020).

Modern sensor-based sorting technology enables recyclers to identify and separate
different matarals in real-time, transforming battery recycling from a one-size-fits-all
bulk aperation inte o precision process tallored to sach battery chemistry (Veldzquesz-
Martinez =t al,, 20019).
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Market Consolidation

Global conseolidation is replacing fragmented local
markets with large-scale operators better equipped to
fund the high-tech infrastructure and complex
regulatory compliance required today.

The waste management industry has historically operated as a highly frogmented
ecosystemn. In the European Union alone, more than 44,000 enterprises operate in waste
collection, treatment, disposal, and materials recovery [Eurastat, nd). The United States
mirrors this fragmentation, with approximately 20000 companies focuzed on waste
collaction (IBISWorld, nd.) and an additional 5000 specializing in wasta treatment and
disposal ([Dun & Bradstrest, n.d.),

The last decads, however, witnessed a dramatic shift towards consclidation of the
waste industry through both horizontal and vertical exgansion, According to Statista,
the global waste management market is projected to reach approximately $1.52 trillicn
in 2024, growing at a CAGR of roughly 5.5% threugh 2034, (Mordor Intelligence, 2026).

Facts

Waste Management acquired Advanced Dispasal Services for § 4.6 billien known as
“the most significont consolidation in the waste industry in over o decade” (Rosengren,
20200 The deal added approximately 3 milion residential, commercial, and industrial
customears across 16 states, significantly expanding Waste Management's geographic
footprint in the US,

Veolia acquired Suez for €13 billion, considered “the largest M&A in the global
environmental sector” Maalia Ching, 2021). This merger combined two Franch waste and
water management giants that had been rivals since the 19th century, with Veclia
arguing that together they could better compete against emening global challengers,
particularly from China (CHEC, 20211,

Drivers

Increasingly complex regulatory requirements faver well-capitalized operators:
Ervironmental regulations governing waste handling, emissions, recyeling stondards,
and landfll operations have become substantially more stringent and technically
demanding. While smaller companies struggle to adapt, larger companies possess the
financial strength te adaopt to this demanding regulatery landscape (Expert ot NG
Mordic, personal communication, February &, 2028),

Capital-intensive technelogy investments create competitive advantages for larger
players: The adoption of outomoted sorting systems, odvonced  treatment
technologies, emissions contral equipment, and data management platforms requires
substantial upfront investment. Larger companies can amortize these costs across
broader operations and secure favorable financing terms, while smaller operators face
difficulty justifying or funding such expenditures.

Challenges

Reduced competition may increase pricing power and limit innevation: As the numier
of independent operators decreases, customers in omany  regions  foce  fewer
alternativas. This reduced competitive pressure could lead to higher prices, less flaxible
sarvice arrangemants, and potentially slower innovation as dominant players face less
prassure to differentiote their offerings. To tackle this, an example, Waste Manogement
was made to divest 15 landfills, 37 transfer stations, 29 hauling facilities, and over 200
collection routes across 10 states to GFL Environmental (Rosengren, 2020).

Impact

Accelerated technology odoption ond stondordization ocross the  industry:
Consolidated operators can implement advanced technaologies more rapidly across
their expanded footprints, potentially improving overall industry efficiency, recycling
rates, and environmental performance through standordized best practices and
centralizad expartize.

Transformation of employment and business apportunities: Small business owners and
antreprenaurs who previously operated independent waste companies are incraasingly
becoming employees of larger corporations or exiting the industry entirely. This
fundarmentally chonges the economic structure of communities where waste
managemeant provided local business opportunities and employment.



US: From Scrap
Exporter to Importer

Driven by national security and global trade shifts, the
U.S. is pivoting toward a domestic-first model by
investing in recycling infrastructure to transform scrap
metal from a major export into a strategic internal
resource for manufacturing.

For decodes, the U.S. has shipped millions of tons of scrap steal, aluminum, and copper
overseas, particularly to Ching and other Asian markets, However, recent regulatory
frarmewearks, infrastrusture investmeants, and escalating international tensions signal o
transition toward domestic recycling copocity, positioning the nation to potentially
become a net importer of certain scrap metal categories (Expert at NG Nordic, personal
communication, 26 January, 2024,

Facts

Importing Scrap Metal: The US. exported approximately 17 milion metric tons of scrap
metal in 2022, valued at over $10 billion, with ferrous scrap representing the largest
categaory (American lron and Steel Institute, 2023),

Infrastructure Investment and Jebs Act 2021 The Infrastructure Investment and Jobs
Aot of 2021 allecated $275 milion specifically for recyeling infrastructure grants, aimed
at  maderizing  fodlities  and  expanding  domestic  processing copabilities
(Erwironmental Protection Agency, 2022).

Drivers

China's National Sword Policy (2018): dramatically restricted scrap imports, forcing the
U5 to reconsider its export-dependent model. Bafore the policy, Ching imparted an
estimated 45 million tons of scrop metal, waste paper, and plastic worth over $18 billion
in 2006, but the palicy banned 24 categories of solid waste and reduced contamination
thresholds from 5-10% to 0.5%, fundamentally disrupting traditional trade flows (Braoks
et al, 2018; Lowy Institute, 2020).

Resource Security: Strategic resource security concerns hove intensified amid LLS.-
China tensions, with pelicymakers viewing scrap metal, particularly acluminum and
metals containing rare earth elements, as critical feedstock for defense manufacturing
and infrastructure, The Departrment of Deferse has inwvested in domestic scrop
upcycling capabilities, with officials stating that "ULS, dependency on foreign sources for
specialty metals presents a significant risk to national security” (U.5. Department of War,
2023)

Impact

Econamic and employment benefits include significant job creation in recyeling and
manufacturing sectors, with the industry directly supporting almest $00,000 jobs while
processing 137 million metric tons of matedals annually (Recycled Materals Association,
2024)

Exploration
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From Migration to
Automation

Western Europe’s waste sector is shifting from a reliance
on cross-border migrant labor to robotic automation as
pandemic-induced shortages and rising safety costs
drive investment in high-tech sorting infrastructure.

For decades, waste management in Westemn Europe relied on an abundant supply of
inexpensive labor from neighlzoring countries with lower wage levels. Polish, Romanian,
and other Eastern European workers formed the bockbone of collection dand sorting
aperdations doross the Netherlands, Germany, and Scandinavia, making manual waste
processing economically viable. Howewer, the COWID-1? pandemic fundamentally
disrupted this model. What was once a labor=intensive industry sustained by cross-
border wage differentialz is now embracing robaotic solutions, marking a significant shift
in how developed economies manage their wasta streams.

Facts

Robotic adoption is accelerating rapidly across Europe. The European Al waste sarting
robxots market is projected to grow from $25.8 million in 2025 to $58.7 million by 2035,
representing o compound annual growth rate of 8.8% (Future Market Insights, 2025},
Europe remains the global leader in this niche halding 3723% of total waste sorting robots
markst share, driven by advanced regulatory and waste management landscape
{Market Data Forecast, 2024).

Eastern European workers constitute a substontial portion of the warkforce in Western
Europe. In the Metherlands specifically, Poland leads temporary warker numibers with
approximately 82,500 people, followed by Remania, Ukraine, and Bulgaria, which
together filled appraximately &6 000 temporary jobs in 2024 (ML Timeas, 2024),

Drivers

Labor shortaoges and health concermns during COVID=1%. Marny workers fram other EL
Mermker States returmed home in the first months of the pandemic, particulary to
Eastern Europe. Worker shortages were subsequently reported across many Eurcpean
countries  including Germany, France, Italy, the Netheronds, and Scondinowvio
(Andriescu, 2020).

Rising safety standards and worker protections have increased operational costs.
Waoste rmanagement workers were identified as particularly valnerable during COVID=1%
due to exposure to potentially infectious materials, with research showing SARS-Col-2
can sunvive on cardboard for up to 24 hours and up to two to three days on plastic and
stainless steel (van Doremalen et al, 2020). This prompted enhanced safety protocals,
incregsad PPE requirements, and altered collection pelicies that made manual
operations more expensive (Former CEOQ ot waste robotics company, persenal
communication, January 24, 2024,

Challenges

High upfront capital investment remdins a barrier to widespread adeption. While
operational costs may decrease ower time, the initial investment in rolotic sorting
systems represents a significaont financial hurdle, particularly for smaller woaste
managemeant facilities and municipalities with limited budgets (Expert at Intermational
Alliance of Robotics Associotion, personal communication, January 27 2026).

Integration with existing infrastructure and workflows requires substantial operational
restructuring. Facilities designed around manual sorting procassas must be retrofitted
or redesigned to accommodate rebotic systems, creating disruption during transition
periods and requiring workforce retraining {(Former CEO at waste robotics company,
personal communication, 26 January, 2026),

Impact

Transformation in occcupational expertise. As automation increoses, the industry will
likely require more technical mles n robotics maintenance, programming,  anc
supervisian, while the current workforce will upskil themselves to utilize newly added
robotic tools. Compared to operating an industrial robot 20 years age, one can quickly
leam how to work with modern robots with two-houwr training due to friendlier user
interfoce  (Expert at  International  Alliance of Robotics  Assaciation,  personal
communication, 27 January, 2024).
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The EV Battery
Paradox

Navigating challenges in circular economy
infrastructure and global sustainability

The rapid electrification of transportation ower the past decade has positioned EVs as a
cornerstone of climate mitigation strategies wordwide, Howeaver, this transition brings
an unprecedentad challenge: millions of lithium-ion battery packs will reach their end of
life between 2030 and 2035, crecting o waste stream that, if mismanaged, poses
significant environmeantal and public health risks.

Facts

EV Manufacturing Growth: Global electric wvehicle production has expanded
exponentially, with cumulative sales surpassing 40 milion units by the end of 2023
China leads manufacturing with over 0% of global production, followad by Burope and
MNarth Amearica, with majer mandfacturers including Tesla, BYD, Volkswagen Group, and
General Motors ramping up production copacity to meet net-zero targets (Intermational
Energy Agency, 2024],

Projected End-of-Life Battery Velume: Industry forecasts indicate that approximately
1.5 million metric tons of lithium-icn batteries will reach end of life glokbally by 2030, This
volume is expected to surge to 20 million metnc tons annually by 2040 as the initial
wave of elactric vehicles reaches retirement en massa, (International Renawable Energy
Agency, 2024). Maoking a robust circular economy framework vital to manage this influx.

Envireonmental Contamination Risk: Improperly disposed BV batteries release heawy
metals {cobalt, nickal, monganese) and lithium compounds into ecosystems, Studies
show that battery elactrolyte leachate can contamingte groundwater with flucride
concentrations exceeding safe drinking water limits by 5-10 times. While cobalt and
nickal alsoe bioaccurmulate in the soll organisms, Bisaccumulate is the accumulation of
any matarial in the bicsphere. Entering food chains and posing neurclogical and
carcinogenic rsks to human and animal populations (Maritz et al,, 2025).

Drivers

Regulatory Pressure: The European Union's Battery Regulation (2023) mandates
minirmum recovery rates of 0% for cobalt, copper, and nickel, and 50% for lithium by
2027 rising to 95% and 80% respectively by 2020, Similar extended producer
responsibility fromeworks are emerging in California, China, and South Korea, legally
abligating  manufacturers o finance collection and recyeling systams  [Eurapeaan
Commission, 2023).

Economic Value Recovery: A single EV battery pack containg $1,000-$2 500 worth of
recoverable materials at current commaodity prices, With virgin [ithiurm costs volatile and
supply chains geocpolitically concentrated in China, Australia, and Chile, recycled
battery matenals offer cost stability and supply secunty, driving investrmeant in circular
aconormic infrastructure (Hanna et al, 2025).

Challenges

Pre-Recycling Risk Assessment: Batteries from normally aged vehicles pose minimal risk,
while those from crashed vehicles may have internal domage or an unstable chamical
state that can trigger thermal runoway, Without detailed provenance data on usage
history ond wehicle accidents, recyclers cannot assess safety levels (Postdoctoral
resecarcher in Hydrometallurgy and Corrosion, parsanal communication, 28 January,
2026},

Systematic Disassembly Complexity: Unlike consumer electronics with relatively uniform
pattery configurations, EV battery architectures are hierarchical and manufoctuner-
specific: individual lithiurn-ion cells, often 50-100 per module, are grouped into groups
af modules. These bigger groups are typically 10-30 per vehicle, which together form
pattery packs weighing 300-600 kg. Each layer of modules requires manual or robotic
disassembly under controlled conditions to prevent short-circuits.

Curing disassembly cables, cooling systems, and battery management electronics must
be safely rernoved before chemical processing of lithium-ion cells can begin. Current
recycling infrastructure lacks stondardized automated disossembly protocols copable
aof hondling  these diverse baftery pocks ot scole [Zorn et al,  2022)

Infrastructure Gaps: Daspite palicy ambitions, the ([European Court of Auditors, 2024
reports that EU member states’ recycling efforts remain in their infancy with the 2050
goal of sourcing 25% of strategic materials from recycled content appearing out of
recich as only 15% of required battery collection and processing capacity are in place.



Impact

Operational Transformation: Waste monagement operators must invest in sensor-
driven diognostic systems, automated disassembly robots, and chemical processing
aexpertise. These copakbilities are traditionally outside of waste management operators
core competencies, but will be necessary 1o meet regulatory complionce and capture
material value {Postdoctoral researcher in Hydrometallurgy and Corosion, personal
communication, 28 January, 2026).

Environmental Risk Mitigation: Establishing effective battery recycling networks can
reduce prmary mining impocts by 30-50%. Additionally lowering EV lifecycle carbon
emissions by 15-20% when powerad by renewable energy, directly determining whether
EVs deliver net climate benefits (Hanna et al,, 2025).
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Rising Microplastic
Pollution

As the EU moves toward landmark 2026 reporting
requirements for microplastic emissions, the waste
management sector faces a growing paradox: while
regulatory mandates push for increased recycled
plastic content, new research reveals that recycled
synthetics can shed up to 55% more microplastic fibers
than virgin materials.

The praoliferation of plastic in consumer goods has created an environmental crisis that
extends for beyond visible pellution. As plostic products break down through
weathering, mechanical stress, and everydoy use, they fragment into microplastics,
particles smaller than Smm that now permedte every ecosystemn on Earth, These tiny
particles hove been detected in hurmman blocd, lungs, and plocentas, raising serious
concams about their health implications (Leslie et al,, 2022),

For the waste maonogement industry, microplastics represent o particularly complex
challenge: they are tao small to be captured by corventional filtration systems, vet their
accumulation in soil, water, and air poses significant risks to both environmental
integrity and public health (Leslie et al., 2022),

Facts

Record Plastic Preduction: Glohal plastic production reached 4003 milion metric tons
in 2022, with an estimated 14 million tons of microplastics accumulating on acean floars
alone [OECD, 2022). The invisible majority is that 9% of microplastics in the ocean sinks,
while anly 1% floats on the surface.

Microplastics in Garments: A single synthetic garment can release approximately
700,000 microplastic fibers per wash cycle, which wastewater treatment plants cannot
fully capture (Napper & Thompsen, 2016).

Drivers

Regulatory Mandates Recycled Plastic Adoption: The European Council will require up
to 65% recycled content in single-use plastic bottles by 2040 and vehicle manufocturers
to incorporate 15% recycled plastic within six years and 25% within ten vears of
upcaming 2024 legislation (Eurapean Commission, 2025},

Increased Consumer Awareness: Media coverage and scientific research hoz created
public demand for microplastic reduction strategies, though economic behavior reveals
that eco=friendly choicas remain contingent on convenignce and cost=nautrality rather
than environmental values alons,

Challenges

Material Heterogeneity and Quality Inconsistency: Plastics wvary significantly in
composition, viscosity, and contamination levels across different woste streams and
countries with differing sorting standards. Even clean polyethylene baotches contain
wviscosity variations that cause production failures in manufacturing processes (CEC at a
Finnish circular service caompany, personal communication, 29 January, 20246, Ragaert et
al., 2007},

Economic Unviability: Recycled plastic costs exceed virgin plastic prices due to enargy-
intensive processing, costly infrastructure, additional laber, and complax logistics. When
ail prices decline, the price gap widens further, while Chinese manufacturers flooding
European markets with low-cost virgin materials have driven traditional recycling
companies to bankuptoy despite regulatory pressure favering recycled content (CED
at a Finnish cireular service company, persondal communication, 29 January, 2024,

Impact

Human Health Risks: Microplastics carry toxic additives and abscorb envirenmental
pollutants, potentially  disrupting  endocrine  systems and  cousing  inflammatory
responses,  with  recyeled  plostics  sometimeas  contdining  harmful - substances
accumulated from mixed waste streams (Cox et al., 2019).

Microplastic Generation: EU regulations make recycled plastic use mandatory
regardless of economic considerations, forcing industries to absorb higher costs and
guality uncertainties. Management systems must simuttanecusly invest in advanced
technologies to improve recycled material quality and reduce microplastic generation
throughout the recyeling process ICED ot o Finnish cireular service company, personal
communication, 29 January, 2026).
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The Global Shift Away
from Landfilling

Global waste management is shifting from landfilling to
resource recovery, driven by strict climate directives
and resource security, though infrastructure gaps and
enforcement remain significant hurdles.

The traditional reliance on landfills as the primary solution for waste disposal is ropidly
diminishing across the globe. From the European Unicn's ambitious circular economy
directives to Asia’s stringent waste diversion policies, countnes are implementing
cormprahensive regulatory framaworks that prioftize waste prevention, recyeling, and
recovery over landfilling. Waste is now reimagined as a resource rather than a burden,
with legislative measures increasingly mandating higher recycling rates, extended
praducer responsibility, and outright landfill kkans for specific waste streams.

Facts

European Union's Landfill Directive: Membar stotes are required to reduce municipal
waste sent to landfill to 10% or less by 2035, representing o dramatic reduction from
historical disposal patternsiEuropean Commission, 2008).

Food Waste Landfill Ban in South Korea: The Korean govemment implemented a
volume-based waste fee systerm and strict food waste landfill ban in 2005, resulting in
food waste racycling rates exceading 95% by 2019 (Lee et al, 2024, Tamasigo et al,
2022)

Drivers

Climate Change Mitigation: Landfills generate methane, o greenhouse gas 28 times
mare potent than carbon dioxide. As governmeants seek to mesat Pars Agresmant
commitments, the ban on landfil is one of the strategic waste sector reforms [US.
Ervironmental Protection Agency, 2024}

Waste as Valuable Raw Materials: Resource security concerns are  pushing
policyrmakers to view waste as voluable secondary raw materials, particularly as global
supply chains face disruptions and nations seek to reduce dependence on wvirgin
resource extraction [Expert at NG Nordic, persondl communication, 26 January, 2026).

Challenges

Infrastructure Gaps: Many regions lack the focilities needed for alternative waste
processing, requiring substantial capital investment in recycling plants, composting
facilities, ond ancerokic digestion systems that can take yvears to develop (Wearld Bank,
2022,

Chasing Regulations: Enforcement and complionce  difficulties emerge  when
regulations outpace public awaraness of economic readiness, particulary in developing
economies wheare informal waste sectors dominate and monitornng capacity remains
limited (UM Ervironment Programme, 2021).

Impact

Mew opportunitias for market disruption. As countries successfully reduce their landfil
content, landfill operators pivet to recycling ond resource recovery services. Meanwhile,
axisting waste management facilities have the confidence to invast in new technoloogy
that enhanceas waste treatment and recovery (Former CEQ at waste robotics company,
personal communication, January 24, 2024).



Sustainability
Reporting and CSRD

The EU's Corporate Sustainability Reporting Directive
(CSRD) transforms waste from a back-end utility into an
audit-ready compliance metric, mandating
standardized digital disclosures on resource circularity
and material recovery.

Sustainability reporting has evolved from weluntary corporate communications to
mandatory  regulatory  requirements,  fundomentally reshaping  how  organizations
disclogse their ESG performance, The Europeaon Union's Corporate  Sustainability
Reporting Directive (CSRD), which come into force in Jonuory 2033, represents o
paradigmatic shift in corporate transparency and accountobility

This directive exponds the scope of mandotory sustoinakility reporting  to
approximately S0000 companies operating in the EU [Eurcpean Commission, 2023,
The CSRD introduces standardized Eurcpean Sustainability Reporting Stondards (ESRS),
establishes rmandatory third-porty assurance requirements, and requires companies to
report both how sustainakility issues affect their business and how their operations
impact society and the environment [Abhayawansa et al., 2024),

Facts

Digital and Machine-Readable Repeorting: The C5RD mandates comprehensive digital
reparting using o machine-readable format through the European Single Electronic
Farmat {ESEF) (Aurel at al., 2023).

Mandatory External Assurance: The CSED requires mandatory external assurance of
sustainakbility information, initially of o imited assurance lavel starting from the first yaar
of reporting in 2025, with the European Commission mandated to adopt reasonable
assurance standards by Cctober 1, 2028, following a feasibility assessment (Delaitte,
2024).

Drivers

Climate Meutrality and Green Deal Alignment: The CSRD forms part of the EU's wider
sustainakle finance package supporting the European Green Deal, designed to
mobilize and redirect capital flows toward sustainakle investments and achieve climate
neutrality by 2050, with an intermediote target of reducing greenhouse gas emissions
by 55% by 2030 compared to 1990 lavels (White & Case, 2024).

Gluantifiable ESG Data: Investor demand for relioble, comparable ESG data to inform
capital allocation decisions has intensified, with stokehaolders increasingly integrating
sustainakiity  considerations  into risk  assessments  and  investrment  stratagies
{Abhayawansa et al., 2024).

Challenges

Data Collection Complexity: Organizations foce substantial implementation challenges
with the complexity of collecting, managing, and reporting data acrass diverse
sustainakiity metrics spanning climate, biodiversity, human rights, and governance
dimensions (Zampane et al, 2024),

Capacity Constraints: The shorfoge of qualified sustainability professionals and
auditors capable of providing assurance services creates capacity constraints across
the market (Abhayawansa et al, 2024),

Impact

Global Influence and Brussels Effect: The directive’s extraterritorial reach influsnces
glebal reporting practices, as nen-EU companies with significant European operations
must comply, creating a "Brussels effect” that extends Buropean sustainakility
stondards worldwide (NordESG, 2023).

Expectation for Precise Waste Data: For waoste management companies, clients now
dermand for precise, verifiable measurement data on waste processing outcomes,
including exact recyeling rates and material recovery percentages. While sorting
precision continues adwvancing through  Al-driven outonomeus  learning, current
technology can only provide bulk estimation, lacking the ability to guantify material
flows and compasitions in real-time {CEQ at g Finnish circular service company,
personal communication, 29 January, 2024).
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— Misplaced Batteries as a Critical Hazard in Waste
Management

— Manual Battery Sorting is Costly, Inefficient, and Unsafe
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Misplaced Batteries as a Critical Hazard
iIn Waste Management

~J 1,200 fires annually occur in UK sorting facilities alone.
~J €181 million in damages inflicted yearly by battery-related fires.

~ 70% year-over-year surge in fire incidents as the problem escalates.




Misplaced Batteries as a Critical Hazard in Waste Management

Botteries infilirate all types of waste streams because
they are so ubiguitous and embedded in courntless
averyday devices, Consurmers frequently discard them
carelessly, mixing them with regular household trash
instead of bringing them to dedicated recycling points
(Gill & Stephens, 2022, Additionally, even partially used
batteries are often thrown oway rather than being
reused or stored for proper recycling. Outside the home,
defective, leftover, or end-of-life  botteries  from
manufacturing processes also flocd the waste stream,
Together, discarded batteries from homes, offices, and
industnal settings contaminate both general woste and
more specialized streams, like e-waste,

When these botterss reach the sorting system, where
everything is crushed, comprassed, or grobbed by clows,
they ignite fires regularly, shutting down cperations and
threatening to burn down entire facilities. According to
the CEO of a circular senvice company, their focility
suffers tens of fires each yeor (Personal communication,
January 2% 2024). Another manager at a recyeling plant
confirms that they battle fires every week due to
batteries lurking in already sorted waste (Personal
communication, January 30, 2024).

Careless

disposal of
batteries

The financial and operational toll is staggering: in the UK
alone, fires coused by batteries result in over €181 million
in damoges annually, with 1200 incidents in 2023
representing o 71% increcse froam the previous year
(Jowett, 2021), while the US experiences over 5000
battery-related fires at recycling plants annually, with

individual incidents costing up te €42 milion in
catastrophic  cases  (Heffernan, 2024).
Several technclogical solutions have emerged fo

addrass the battery detection and removal challenge in
wiaste management  focilities, yet  large-scole
implementation remains  limited.

The EU-funded GRINNER project developed on
gutcnomous  system  for detecting and  extracting
battenes from electronic waste, but its highly specialized
design limits applicability beyond controlled e-waste
streams (GrinnerProject, 2022). Similarly, Wesort.ai offers
o systemn capable of identifying ond removing botteries,
though it struggles with the dense, compacted waste
klocks commonly found in real-world operations (Wesort,
2023).

Punctured

Batteries

STEIMERT has developed o more comprahensive salution
usimg X-ray, color detection, 30 scanning, and inducticn
sensors to identify botterias in mixed waste streams with
high precision {Steinert, 2028]. Howeaver, its prohibitive
cost restricts adoption primarily to large-scale industrial
facilities, leaving smaller recyclers  without  wiable
opticns,

Despite these technological advances, high costs and
technical complexity prevent widespread deployment,
leaving most focilities exposed to ongoing bottery-
related fire nsks and operational disruptions,

Short-Circuit Fire
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Manual Battery Sorting is Costly,
Inefficient, and Unsafe

N Mixing different battery types makes metal recovery complex and expensive.

N Most batteries are disassembled by hand, making the process slow, dangerous, and costly.




Manual Battery Sorting is Costly, Inefficient, and Unsafe

Despite  growing  interest and  fechnological
development, lithium ion battery recycling remains
difficult due to the heterogensity of the input material.
For example, cobalt-rich lithium cobalt oxide [LCO) wos
used in clder electronics, while nickel-manganese-
cobalt (NMZ] and nickel-cobalt-aluminium  {MCA)
chamistries are commaon among currant EVs, and lithiurm
iron phosphata (LFP) gaining popularity in newear EVs and
stationary systems, among others (Fan et al, 2020; Zeng
et al,, 2004), Each chemistry has a different metal content
and behaves differently in recycling. This means that the
more metals there are in the mix, the more steps are
required to recover them,

For recyclers, mixed input streams are problematic, Ina
flux of NMC batteries, even a small share of LCO cells
can intreduce impurities, further complicating the metal
separation and downgroding  output  quality  below
battery-grade standards (Fan et al,, 2020; Harper et al,
2019).

Mixed Manual

Battery Input Dismantling

On top of chemical diversity, there i mechanical
diversity. EV packs and consumer devices have not been
designed for easy dismantling; hence, disassembly of
packs and modules is still mastly done by hand, This
manual work is slow, costly, risky, ond unsofe. Any
mishandling of domoged pocks can lead to fires or
explosions,

The economics of battery recycling rermain challenging
precisaly because of these compounding difficulties.
Recyclers face substantial costs for specialized logistics
and hazardous material  storage, extensive  manual
disagssembly  operdtions, and  multi-stage  chemizal
procaessing 1o separgte mixed chemistries.

Visually
Indistinguishable

Battery Cells

Mareover, profitakiity highly depends on metal prices
and the inceming chemistry mix, foctors outside
recyclers’ contral. The investment risk is severe: plants
require massive capital expenditure, yet face profound
uncartainty and difficulties, often resulting in delayed
projects or underutilized copacity [Gaines, 2004 IEA,
2023). In some cases, primarny metal production actually
consumes less energy per kilegram than complex
recycling workflows for contaminated streams (Gaines,
2074).

In short, the two biggest bottlenecks in today's
operations: ldbor-hedvy disassembly and the amaount of
stages needed for the recycling process. Both problems
are rooted in inefficient sorting at the front end. One
solution to the problem would be to buld an
autonomous rebot for dismantling the battery packs, but
due to advancement of the nesded technology ond
high developrment costs, we chose not to pursue this
opticn within cur timeframe.

Heterogenous
Metal Mix

Multi-Step

Recycling Process
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Spectra is an industrial sorting system that automates the
identification and separation of mixed lithium-ion battery cells by
chemistry, format, and condition without opening them. By
converting heterogeneous battery inflow into consistent feedstock,
the system improves material purity, raises downstream vyield, and
reduces fire incidents caused by damaged cells.

Beyond physical separation, Spectra produces a traceability layer
for quality control and compliance reporting, creating auditable
records that support regulatory requirements including the
European Union Battery Regulation's battery passport and
recycled-content targets (European Parlioment & Council of the
European Union, 2023).

Trends
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/1 Technology

Combines XRF (X-Ray Fluorescence), computer vision, and multivariate analysis
(statistical methods analyzing multiple variables simultaneously).

Infers cell construction and chemistry without opening cells.

Detects anomalies indicating damage or elevated fire risk.

/1 Proven Scientific Foundation

XRF, LIBS, and related spectroscopic methods can distinguish cathode chemistries
and element ratios in lithium-ion batteries without opening cells {Veldzquez-
Martinez et al., 2019).

These technigues have not been deployed at industrial scale.

SPECTRA

/1 Real-Time Al Classification

Al classifiers fuse sensor signals in real time

Routes each cell into the correct output bin.

Enables plants to create tightly defined recycling streams and isolate damaged
cells for safe handling.

Industrial Process

Integrates at front end of existing recycling lines

Frmndes chemistry-specific routing that hydrometallurgical and direct-recycling
flowsheets increasingly need (Fan et al., 2020; Xu et al., 2020)



Installation & Integration

Professional setup and integration with
existing lines.

Software License

Annual  subscription for Al updates,
traceability platform.

Capital Equipment Sale

One-time purchase of Spectra system.

Exploration
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Service & Maintenance

Annual serice contracts for callibration,
parts and support
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Market Size & Growth

Global LIB recycling market is projected to increase from $16.23B (2024) to
$56.87B (2032) at ~17% CAGR, driven by EV adoption, gigafactory scrap, and
new regulations (MarketsandMarkets, 2024; IEA, 2023; Fan et al., 2020).

Sorting and pre-treatment represents 5-15% of total recycling costs but has
a disproportionate impact on labor, safety, uptime, and downstream yields.

Geographic Distribution

China currently dominates with 60-70% of global capacity, but
EU and North America are the fastest-growing regions due to
Battery Regulation and Inflation Reduction Act incentives
(European Parliament & Council, 2023; IEA, 2023).

Multiple new plants and retrofits expected 2025-2030, primarily targeting EV
packs and industrial batteries.

Projections

2025-2030: EVs are still being used. No EolL wvehicles vyet,
meaning the majority of feedstock is homogeneous, well-
documented factory scrap from new cell plants (Fan et al,
2020).

Post-2030/2035: Mixed post-consumer streams (diverse EV packs from
multiple OEMs, stationary storage, consumer electronics) will increase.

Hundreds of thousands to 1M+ tonnes/year of EolL EVs batteries globally,
rising to multi-million tonnes in the 2030s as the 2020s EV cohorts retire (Fan
et al., 2020; IEA, 2023).

TAM $56.87B

Total LIB recycling market

SAM $3.70B

65% of sorting mixed waste

SOM $3.70B

65% of sorting mixed waste
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/1Elderly Care
/1Demographic & Labour Trends
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Changing Social
Dynamics

The aging population continues to grow, driving
complex challenges in elderly care systems globally.

Demographic and social dynamics are fundamentally reshaping elderly care systerms
alebally. Fopulation aging, rising dementio prevalence, increasing heterogensity armong
alder adults, structural leneliness, and socio-ethical acceptance constraints together
creqte systemic pressure on care delivery models. These trends are interdependent,
collectively reshaping core dermand, workforce capacity, and the conditions under
which technology con be intagratad inte eldery care. (World Health Organization, 2024;
Richter, 2025; Alzheimer's Disease International, 2020).

Facts

Meoving Population Pyramid: The proportion of people over 60 will nearly double
glebally from 12% to 22% (2] bilion people) between 2015 and 2050, with even higher
rotes expected in high-income countries [World Health Organization, 2024; Richter,
2025].

Old Age Dependency: The EU old-oge dependency ratio was 339% in January 2024
and is projected to reach 56.7% by 2050, meaning fewer than two working-age adults
per older person (Eurostat, 2025 Old-Age Dependency Rotio Increases across EU
Ragions, 2021},

Dementia: Dementio prevalence is projected to double every 20 years, reaching 73
millicn cases in 2030 and 139 milion in 2050, The annual global cost of dementia is
expected to rise ta USE 2.8 trillion by 2030 (Alzhaimer's Disease International, 2020).

Loneliness: Around one in four older adults in high-income countries experience
loneliness, which is associated with poarer physical and mental health, reduced quality
of life, and increased mortality (World Health Organization, 2024, Chawla et al, 2021).

Technology Adoption: Research shows that older adults are generally open to
technologies supporting independence and safety, but privacy concems rermain the
mast frequently reported barrier to adoption [Yusif et al, 2018 Schomokers & Ziefle,
2019).

Drivers

Rising dementia prevalence: Coagnitive decling is becoming structurally central in
elderly care, incregsing supenision needs, safety risks, and leng-tern care dependeancy
{Alzheimer's Disease International, 2020).

Workforce strain from cognitive impairment: Interview data indicate that increasingly
cormman memary disorders create concrete safety risks, including medication arrars and
reduced situational awareness, requiring closer monitoring and risk management (M.
Migrmeld, personal communication, January 26, 2026, Senior Physician, Fublic
Healthcare, personal communication, January 30, 2024, Director of Operations, Elderly
Homes, persenal communication, January 30, 2024).

Structural loneliness: Interviews consistently describe loneliness as a systemic issue in
both home care (brief visits, living alonal and institutional settings, where individuals
with memory disorders may feel isoloted despite being surounded by others [Myman,
personal communication, January 26, 2026; Rautio, personal communication, Jonuary
26, 2024),

Acceptance shaped by benefit-privacy trade-offs: Clder adults are generally open to
technologies that support independence and safety, but adoption depends on
perceived benafit, user contral over data, and alignment with personal needs (Yusif et
al., 2014; Schomakers & Fiefle, 2019).

Challenges

Heterogeneity of ageing: Functional capacity and digital readiness vary widely in later
life, vet innovation often relies on o "simplified” image of older adults, craating a
narotive  mismatch  between  design  ond  real-world  diversity  [World  Health
Crganization, 2024).

Expectation—narrative mismatch: Public discourse oscillates between fear that robots
will replace nurses and unrealistic expectations that robots will achieve full human-level
autonormy. This leads to both overestimation and underestimation of actual capabilities,

Scope creep and misaligned use cases: Problems arise whan technology is expected to
operate bayond its intended function, leading to disappointment and perceptions that
it “doesn't work.” Interviews revealed recurring issues including insufficieant user training
and lirmited manufacturer farmiliarity with real care waorkflows,

Privacy & surveillance concerns: Privacy concems extend beyond data security to
include feelings of survelllance and loss of control, particularly regarding camera-based
manitaning systems [Yusif et al, 2014, Schomakers & Ziefle, 2019, Confinuaus manitaring,
especially camera-bosed solutions, may face resistance and regulatory scrutiny even
when safety benefits are clear. Successful adoption therefore depends on transparent
value propositions, user contral, and rmodular, adjustalle system design.



Impact

Rising dementio  prevalence, increasing  longevity, ond a weakening old-age
dependency ratio are intensifying care demand while workforce copacity remains
constrained (World Health Orgaonization, 2024, Eurostat, 2025; Alzheimer's Disease
International, 2020).

As cognitive impaimment becomes mare common, suparvision, risk monitoring, cnd
emaotional support needs grow structurally, increasing pressure on care delivery modals.
This shift slevates the strategic importance of technologies that support indepeandeant
living, cognitive stimulation, and early risk detection. At the same time, hetarogensity
ameong older adults reguires more segmented, adaptive solutions rather than one-size-
fits=all robotics.

Lonelinezs and social isolation further expand the role of socially assistive technologies,
while authentic human contoct remains the gold stondard. Interviews suggest thot
technology s most viable whan positioned oz complementary support rather than
human  replacement, particularly  in environments  where  human  resources  are
constrained. Long-term adoption will depend on aligning technological copabilities
with  redlistic expectations, integrating solutions into real care  workflows, dand
addressing privacy and surveilance concemns through transparent, user-controlled
design [Yusif et al., 2018; Schomakers & Ziefle, 2019).
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Labour Market
Pressures

A structural workforce crisis is increasing strain and
accelerating digital and automated care solutions.

The global care sector faces a deepening workforce crisis, with Sitra citing worsening
labor shortages and accelerating automation as key megatrends (Dufva, Kiski-Kataja
and Lahdemdaki-Pekkinen, 20246). This is both o guontitative and qualitative shift toward
maintaining autenomy and preventing extreme dependency (Healthcare director,
personal  communication,  Jonuary 29 2024, Robotics  researcher,  personal
commmunication, Jonudry 26, 2028), as foilure to close the gop rsks public systam
collapse as the population pyramid flips (Industry  asseciation rep, personal
communication, January 26, 20246 Tyni and Myllyneva, 2023). The crisis is worsened by
declining career atfractivenass due to limited progression and inodequate pay
{Salminen-Tuomaoala, 2024); and while international recruitment is used, it often reveals
a "professionalism gop” between foreign training and local requirements (Tilastokeskus,
2025}, Consequently, operational strain iz driving Al ond robotics adoption to handle
administrative "meto-work,” freeing professionals for direct patient care (Heclthcore
stafing CEO, personal communication, Jonuary 22, 2026; Elderly core operations
director, personal communication, January 30, 2024).

Facts

The Finnish Ministry of Finance estimates that the social and healthcare sector will
require 200,000 new workers by 2035 (Tevameri, 2021). By 2030, over 50% of municipal
personngl are expectsd to retire, making recruitment o central challenge for care
management {Honkanen and Muutila, 2022),

Applicants to Finnish-language nursing programs have dropped by over 40% since
2016 (Tikkala, 2022). Furthermaore, in 2023, 11.3% of sogial ond health core workars in
Finland hod a foreign background, many focing challenges with gualification
recagnition and integration inte the workforce (Tilastokeskus, 2025).

Generative Al is estimated to raise Finland's productivity by up to 3.6% annually (Dufva
at al. 2028). Specifically, current voice documentation applications have demonstroted
shift-time savings of approximately 20 minutes per nurse (Private care developmant
ranager, persanal communication, Januany 26, 2028),

Drivers

Demographic pressure from an aging population is accelerating demand for solutions
that enakle independent self-care and autonomous monitoring, helping  maintain
patient dignity as the glokal care gap grows (WHO, 2025; Dufva et al. 2024)

Resource and budget constraints in public healthcare are fusling the adoption of
automation and efficiency-enhancing solutions, as high staff turnover and retiremants
cregte persistent workforce shortages (Tyni and Myllyneva, 2023; Dufva et al. 2026).

Public=private cogoperation is driving technology adoption to achieve o 3.6% annual
productivity gain by reducing non-volue-odded "meta-work™ and  administrative
burdens ([Dufva et al, 20248).

Challenges

Workplace burnout and ethical stress are critical, as 38% of nurses repart high johb-
related stress and 34% experience madified leave, which restricts the staff capacity
required to supervise and adopt complex robotic workflows {Tevameri, 2021},

Financial sustainability iz challenged by o T7% projected nse in care costs by 2030,
while the lack of dedicated development resources means that efficiency investmeants
are often sidelined by urgent maintenance needs (Tevamer, 2021; Dufva et al. 2024,

Structural barriers limit automation as social care neads grow 30% over 20 years; most
facilities require expensive retrofitting for elevators and thresholds that current robotics
cannot novigote independently (Tevameri, 2021; Dufva et al. 2024),

Societal inequality will peak by 2050, as BO% of older adults live in low- and middle-
income countries, widening the gap batween those who can affard private robatics and
those dependent on overstretched public systems (WHO, 2035; Dufva et al, 2026).

Impact

Hurnans are moving away from repetitive "secondary” tasks, like patient handling,
transport, and data entry, while robotics automates logistics and  docurnentation
{Elderly core CEO, perscnal communication, January 29, 2024, Robotics researcher,
personal communication, January 26, 20248). Caregivers focus on emotional support,
complex interaction, and clinical supervision, s older adults adopt more independent
self-care (Healthcare staffing CEOQ, personal communication, January 22, 2028
Rabatics researcher, personal communication, January 28, 2024). Adoption is risk-
stratified: low-risk tools like transport robots and autormated dispensers are deployed
first, with direct-interoction devices following, while human touch remains vital in critical
and end=of=life care.



Care Delivery Model
Shift

Global healthcare is shifting from hospital-based acute
care to Al-enabled home care to ease pressure from
aging populations and chronic disease. Success
depends on overcoming investment barriers and
making complex tech safe and usable for non-experts
at home.

Global healthcare delivery is undergeing a fundamental paradigm shift dnven by o
dramatic demographic transformation, Moreover, the expanential rise in chronic
diseasas is overwhelming traditional sanitary infrostructures, which were criginally
designed for episodic and acute care, rendaring them increasingly unsustainable for
current demands. The old ‘fee-for-service' model, which pays for the number of
procedures done, is falling. Success is no lenger akout filling hospital beds but about
keeping patients healthy at home. This shift is pushing healthcare toward a mare
sustainaizle modal that focuses on lang-term well-being and efficiency

Facts

The Sector Ultimatum: Projections indicate that the rate of dependent elderly people
will tiple by 2050, As one interviewee from Spain put it, the care sector s at a crossroad;
it rmust transform now or risk failing to meet the growing naed,

Chronic and Multi-Morbidity Prevalence: More than B0% of elderly Americans hove ot
least one chronic disease (Fong, 2019).

Economic and Capacity Pressure: In the UK, over 14,000 hospital beds were accupied in
2024 by patients medically fit for discharge but locking community support {The
Guardian, 2024},

Drivers

Seniors prefer staying at their Homes: Success is now defined by keeping the patient
out of the hospital. Staying at home is viewed as essential for the financial survival of
the system, this was confirmed also in our interviews.

Hospital-at-Home (HaH) and Al Integration: The HaH madel uses Al to monitor patients
and pravent emargencies, cutting care costs by over 30% (Commanweaalth Fund, 2024).

Proactive Data Monitoring: Remote Patient Monitoring (RPM) empowers patients by
using algorithms to predict health deteroration before it becomes an emergency
{Healthcare World, 2024],

Challenges

The CapEx issue: As highlighted in our interviews with o policy stakeholder, the sector
requires technology-driven efficiency to survive, vet often lacks the initial caopital to
invast in the tools that create those sovings,

Men-Expert Device Design: As medical devices move into the home, a major hurdle is
designing complex technalogy that is safe for 'non-experts” like family caregivers (ECRI
Institute, 2024),

Impact

Instead of focusing only on clinical outcomes in hospitals, the goal is to help patients
stay healthy and independent in their own communities. This shift s supported by new
riybnid workforce modals, where Al takes care of routing monitanng, and healthcare
professionals focus on making impertant clinical dacisions.
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Industry and Project
Costs

Market Realities and Strategic Focus: Navigating
Growth vs. Implementation Depth

The elder care robotics sector is entering a transformative phase, driven by the
structural neceassity to address glabal caregiver shortages and on aging population,
While maorkat prospects are robust, the industry faces a critical utility gap where
potential meets reality. Despite interest from venture capital, the transition from pilot
projects to scalable outenomy is frequently hindered by high entry costs, complex
regulatery  frameworks, and the heavy infrastructure demaonds of physical Al
deploymernt.

Facts

The global elder care assistive robots market size was estimated at USD 3.38 billion in
2025 and is projected to reach USD 285 billien by 2033, growing ot o CAGR of 14.20%
iGrond View Research: Elder Care Assistive Robots Market). Robotics funding remained
resilient in 2025, with over $4.35 billion invested in 93 rounds in the brooder robotics
sector in mid-2025 alons (The Robot Report, Robotics investments top $4.38 in July
2025).

Specific "ElderTech” startups focusing on autonomous mobility and social Al have seen
a 25% yadr-on-yedr incredse in Seed and Series A activity [Crunchbase: Global Vanture
Funding In 2025 Summary, PitchBook: 2025 Vertical Snopshot: Robotics).

Physically assistive robots for mobility, lifting, and hygiene command 55=60% of the
market share (Roots Analysis: Global Eldercare Assistive Robots Market Size & Sharel,
However, socially assistive robots for companionship and cognitive therapy are the
fastest-growing segment due to breakthroughs in Multimadal Al [Grand View Research:
Elder Care Assistive Robots Market Report).

Drivers

Technological Convergence: The integration of gensrotive Al with autonomous
navigation has lowerad the cost of developing sophisticoted, "plug-and-play” home
care robots (MIT Sloan: What's next for generative Al: Household chores).

Adoption of Subscription Madels (RaaS): Instead of high upfront costs, "Robotics-as-a-
Service” allows for predictable monthly paymeants. This makes technalogy afferdable for
smaler orgonizotions and significontly exponds the totol addressoble market {IFR:
Service Robots Report 20250,

Challenges

Procurement and Tendering: In markets like Finland, competitive tendaring oftan aver-
prioritizes the lowest price. Market growth is stifled unless tenders explicitly award points
for innovation or staff welbeing, as the market remains highly controlled by
governmental decisions.

High Censumer Entry Barrier: The private "aging in ploce” market is underdeveloped
due to the high price-to-value ratio for average households, leading to o thin customer
bose and o lock of economias of scale,

Certification Hurdles: Mavigating the Medical Device Regulotion [MODRE) in the EU
remains o costly and  time-consuming  barrier, often delaying the transition of
autonomaous featuras from pilot phases to actual care environments.

Recent Series A Rounds

Gardia: Roised EUR 8.5 million {$%98M) of Series A venture funding led by Peak XV
Partners on February 5, 2026, to scale Al-driven computer vision for fall prevention
{FitchBook: Gordia Company Profile],

Tucuvi: Raised USD 20 milion of Series A venture funding led by Cathay Innovation and
Leadwind in January 2026 to expand its "LOLA" clinical voice Al agent internationally
(Tucuvi: Saries A Investmeant Annauncernent).

Isaac Health: Raised USD 10.5 millicn of Seres & vanture funding led by Flare Capital
Partners in August 2025 to scale its Al-enabled virtual brain health clinic (PitchBook:
Isaac Health Company Profile).
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Impact

Humans will increasingly stop performing repetitive, mechanical, and non-value-added
“secondary” tasks. This includes the heavy manual lakbor of lifting and turning patients,
transporting laundry o waste, and marnual data entry. (Nursery Home CED, personal
communication, Janudry 2% 2026, Al and rebotics ressarcher, persondl communication,
January 24, 2026,

Instead, human coregivers will shift toward roles focused on emotional support,
comglex social interaction, and high-level clinical supervision, while clder adults use
technology for more significant independent self-care (Healthcaore staffing CEOD,
petsonal communication, January 22, 2028 Al and robotics researcher, personal
communication, Jonuary 26, 2028, Inzights from interviews with healthcare ond
technology professionals suggest that robotics will also transform workflows by
automating documentation through speech recognition and monaging  internal
logistics, reducing the time currently spent on administrative tasks,

In addition, adoption of robofics is expected 1o follow o risk-strotified approach;
technelogies that address clear labor gaps with minimal safety concerns, such as
transport robots for supplies or autamated medicing dispensers, are already being
deployed, Devices invelving direct patient interaction, such as those suppaorting social
engagement or assistonce with eating, are likely to follow as the technolegy matures. In
these contexts, hurman presence and touch remain essential, particularly in crtical care
and end-of-life scendrios.
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EU Rules for Medical Al
& Robotics

EU Regulatory Frameworks: Balancing High-Risk Safety
with Healthcare Innovation.

Mavigating the regulatory landscape is a critical step for any healthcare technology
pravider, The Eurcpean Union operates under a "Safety and Prevention” philosophy,
requinng rigorous standards to be met before o product coan enter the market. This
framework ensures that high-rsk technologies, such as Al-driven records or medical
robots, are sofe for public use while also providing a structured ervironment for
innovation through better data access,

Facts

Simplification of MDR: Recent 20246 EU proposals am to simplfy Medical Device
Regulations (MDR) to reduce re-certification burdens and introduce “regulatory
sandboxes” for testing emerging tech in real-world conditions,

Mandatory EUDAMED Usage: As of May 28, 2024, the first modules of the European
Dotabose on Medical Devices ([EUDAMED) become mondatory, reguitng ol
manufacturers to register devices and certificates for improved market transparency.

High-Risk Al Owversight: The EU Al Act classifies medical Al and robots as high-risk,
requiring strict data governonce, human ovarsight, ond formal risk maonagement
throughaut the product’s life (European Commission, 2024aq)

Pre-Market Safety Barriers: In the ELU, rigorous standards must be met before market
entry to mitigate risk. Conversaly, the LS. systemn relies on market forces and the threat
of litigation to filter out dangerous products, shifting the burden of vetting technology
to the employer or consumer, This fundamental difference was a sentiment strongly
confirmed during our interviews.

Drivers

Transparency and Logic: High-risk systems require  transparency  through  clear
instructions and understandable explainakility for the Al's logic, alongside human
oversight that allows o person to interrupt or overrule the Al at any tima.

Workplace Violence & Safety: Between 201 and 2021, reports of workplace violence in
hospitals surged by 30%, with many nurse leaders directly witnessing such incidants
tamerican Organization for Mursing Leadership, 2025). Thiz alarming trend has increased
the demand for automated monitoring systems, technologies designad to enhance
staff sofety while ensuring continuous patient care and aversight,

Challenges

Classification Complexity: Many companies actively try to ovoid being classified as a
"medical device” to bypass the rigorous and expensive testing reguired under EL law
{Firmea, nd.).

Impact

Strict data governance and mandatory human oversight ensure that healthcore Al
remaing unbiased and safe building the trust necessary for widespread adootion, By
balancing these high safety standards with legal access to anonymized research data
through the EHDS, the regulatory framework effectively lowers barriers for startups while
maintaining a high level of patient protection.
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Telemonitoring and
Ambient Sensing in
Remote Care

Advancing Remote Care Through Wearables and
Privacy-First Ambient Sensing

Telemonitoring has evolved from a clinical necessity confined to hospitals inte a
sophisticated, multi-layersd ecosystem that supports patients in their own homes,
While traditional haalthcare relied on badside deavices like ECGs, the madem landscape
is dominated by a dual approach: weargbles and amiient sensors. This shift reflects a
move toward maore discreet, continuows monitering that balonces cinical accuracy with
user security, allowing haalthcare praviders to track vitals and respond to emergencias
without patients having to move to a medical facility. Finally, there's a rising effort to
treat chronic diseaseas in people's own homaes,

Facts

Diverse Monitoring Modalities: Madern menitoring utilizes three primary tiers: clinical
hospital devices le.g. ECG), consumer-grode wearables for home tracking, and instolled
spatial sensors like Gumea's based on LIDAR systems (Light Detection and Ranging)

Raopid Market Adoption: Both weorable ond sensor-based scolutions are seeing
accelerated integration across hospitals, professional care facilities, and private
residences to mest the surging demand for remate patient management (Fortune
Business Insighits, 2024).

Privacy-First Sensing: New LIDAR systemns allow for fall detection and movemnent
monitoring without the use of invasive camerms, presemrving patient privacy while
maintaining high sofety stondards,

Drivers

Growing Demand for Remote Care: An aging global population, o preference for "oging
in place” and overcrowded hospitals are pushing healthcare providers to adopt tools
thart allow for high-gquality care outside of traditional clinical settings.

Technological Convergence: Improvements in sensor miniaturization and bottery life
have made it easier to deploy sophisticatad menitoring tools in everyday enviranments.

Challenges

User Adherence and Legistics: Our interviews highlighted thot wearables foce
significant bottlenacks, devices are frequently forgotten, left uncharged, or actively
avoided by seniors who feel the equipment makeas them look frail or "medicalized”,

Infrastructure Requirements: While installed sensors are more discreet, they require
professional setup and o mobust digital enviroament to function effectively within o
home ar facility.

Impact

The shift toward telemonitoring enalzles a move from reactive emergency response to
proactive health management, catching fluctuations in vital signs befare they rasult in
hospitalizations, This automation of high-fsk patient maonitoring significantly reduces
the burden on caregivers, allowing them to focus on meaningful personal interaction
rather than constant cbservation.



Al-Automated
Healthcare Record
Systems

Al-Driven Interoperable Health Records and the Future
of Digital Diagnostics

The healthcare industry is currently undergoing o massive digital overnaul, driven by a
combination of strict European mandotes and the mpid maturation of LLMs. By
transitioning from fragmented poper logs to secure, intercperable electronic health
records {EHR], the sector aims to create a borderless data environment. The integration
of Al into these systems is no longer a lusury but a necessity, transforming the way
patient data is logged, stored, and andlyzed to improve both administrative efficiency
and dicgnostic accuracy.

Facts

Mandatory Digitalization: By March 2029 the European Health Data Space {EHDS)
regulation will require all EU healthcare facilities to maintain digital, interoperable
records with immutable audit troils for patient sofety and accountability ([European
Commissian, 2024k),

Al Integration: Leading platforms are now integrating Generative Al such as the
partnership between Epic and Microsoft's Nuance DAX Copilot, which outomates
clinical docunentation via voice-to-text and NLF directly within the patient's record
(Microsoft, na.)

Secondary Data Aceess: The EHDS framework allows startups and researchers to legally
access anonymized "secondary data,” which refers to informotion collected for purposes
ather thon the current research, such as patient records, administrative databasas, or
previcus studies. This significantly lowers the barrier to entry for training new medical 4l
medels (European Commission, 2024b),

Drivers

Regulatory Compliance: The strict timeling of the EHDS is a primary driver, forcing
hospitals to modernize their data infrastructure to meet EU-wide standards for
interoperatility.

Administrative Burnout: The corvergence of clinical necessity and high-performance
LLMs has created o surge in adoption for voice-to-text tools, designed to relieve
maedical staff of the heowvy documentation burden.

Challenges

Infrastructure Gaps: 4 significant bottleneck identified in recent clinical interdews is the
lack of stable, high-spaed Wi-Fi in many older hospital buildings, which prevents the
effective use of cloud-bosed Al tools.

High=Risk Al Classification: Under the EL Al Act, Al systems used in medical records are
classified as high-risk, requiring rigorous data governance 1o prevent bias and
mandatory human-in-the-loop aversight (European Commission, 2024a).

Impact

& transforms raw data into actionable medical insights, dllowing for faster and more
accurate clinical decisions by autornating the logging of vitals and progress nates,
Furthermore, because digital records are now standard and shared across the EU, a
patient's medical history and test results follow them instantly, ensurning that doctors
always have the right information regardlass of which country the patient is in,
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Social Robots in
Elderly Care

Human-Centric Social Robotics: Enhancing Mental
Wellness and Elderly Care Engagement

Robotics in haalthcare is moving away from the “industrial* era and into a human-
centric phase. Modern social humanaoid mbots are being designed with approochable
aesthetics, utilizing soft textures and friendly forms, to assist with household tosks and
provide social stimulation. Beyond mere autemation, these rozots are serving as “social
bridges” enhancing the quality of life for residents in care facilities by encauraging
communicotion betweaan residents and caregivers.

Facts

Social Bridges: Tools like Paro (the robotic seall and Lovot are proven to encourage
communication between residents and caregivers rather than replacing human contact
{Hung &t al., 2025).

Clinical Efficaey: Trials show that residents interacting with social robots like Paro
axpernence less delirium and reguire less medication, even whan rebot interactions are
shaorter than human visits (Kocak et al., 2024),

Drivers

Shift Toward "Soft™ Design: To improve adoption among seniors, manufacturers are
maving away from "cold” plastic and metal in favor of designs that reduce stress and
feel more approachakile, like the NEC X1.

LLM Integration: Advances in LLMs enable robots to engage in more natural, context-
aware convensations, making their interactions feel mare human-like and responsive,

Challenge

Ethical Concerns: Despite evidence to the contrary, there remains a persistent fear that
robots will reploce humaon empathy and  companionship,  reguiring  ongoing
transparency and human aversight in design,

Impact

The use of social rebots is proving to be o highly effective non-pharmacological solution
for reducing cognitive distress and improving the overall mental health of patients in
long-term care, By providing specific health benefits like reduced deliriurm and lower
medication dependency, these robots complement human care and significanthy
improve the daily well-being of residents,

Photo by BOCOramo



Assistive and Logistical
Robotics

Edge Al-Powered Exoskeletons and Autonomous
Systems for Safer Mobility and Smarter Care

While social robots focus on emotional well-being, assistive and logistical robots are
designed to handle physical tasks and mobility. This cotegory includes wearoble
technology that supports the human kody and autonomous systems that manage
facility operations. These devices aim to restore independence for individuals and
improve the efficiency of healthcare ervironments by handling the heawy lifting of
madanm care,

Facts

Major Cause of Hospitalization: Falls are the leading cause of injury-related hospital
admissions for adults over 65, accounting for nearly $0% of such cases and often serving
as the primary trigger for o permanent loss of independence (Health Infobase, 2025),

Medical Exeskeletons: Research prototypes and early commercial exoskeleton systerms
are now emerging as innovotive solutions to prevent falls and restore mability, offering
new hope for improved quality of life and autonormy.

Consumer Exoskeletons: Devices like the Hypershell X Series are traonsitioning from
niche exparmental tools to general public accassibality, mirrenng the early evolution of
tha smartghansa,

Legistical Autemation: Celivery robots, such as the Aethen TUG, are now receiving more
interest in hospitals and nusery homes, handling the repetitive transport of lab samples
and linens to free up staff for direct potient care,

Drivers

Lakor Shortoges: The need for delivery robots is driven by the nacessity to optimize
hurnan resources, allowing staff to focus on high-value clinical tasks rather than manual
chores.

The "Downward Spiral" of Mobility Loss: Preventing initial falls is a critical priority, as o
single event often lecds 1o o cycle of fear, decredsed activity, and rapid physical
decline that necessitates expensive long-term care.

Edge Al and High=-Frequency Sensing: modermn exoskeletons can now detect instakility
in real time, predicting falls before they accur, and instantly deliver corective hip torgue
to stakiize the user. This breakthrough is transforming fall prevention, enabling
procctive, adaptive support for safer maobility

Challenges

Regulatory Barriers: Many companies struggle to navigate the medical device
classification, as EU law requires any product intended for diognosing, monitoring, or
treating to mest rigarous safety standards (Fimea, ndl In these cases, autonomous
robots avoeld getting in contact with the patients and commercial exoskeletons dre
marketed as sport equipment.

Impact

The mass-market odoption of exoskeletons is expected to significantly increase mokbility
and independance for the eldery, potentially evolving inte cormmen daily accessornies,
Simultanecusly, the deployment of logistical robots in clinical settings ensures that
repatitive tasks are handled efficiently, allowing healthcare professionals to dedicate
their time and energy 1o direct patient care,
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/1Elderly Care
/1Exploration

— Enable Independence to Alleviate Healthcare Pressure .
— Cognitive Companionship as a Solution for Social Isolation

— Logistics as the Door to Scalable Autonomy in Care

— Documentation Bottlenecks: Regulation and Language
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Enable Independence to Alleviate
Healthcare Pressure

N Helping seniors move on their own is the best way to solve the caregiver shortage and lower
healthcare costs.

N A reframing of robotics from heavy machines to active partners that help keep muscles strong
and enable independence.




Enable Independence to Alleviate Healthcare Pressure

The primary lever for alleviating the burden on aur global
healthcare system is the preservation of functional
autonomy  among  the elderly. As life expactancy
increases, the disparity between the number of people
reeding ossistonce and the owailability of human
caregivers, is widening significantly.

Health experts and caregivers agree: the moment o
person struggles to move on their own, they lose their
independence, This is the tipping point where they stop
living on their own and start needing full-time help (Lin &
Cui, 2021, When o senior can no longer perform
"Activities of Daily Living™ (ADLs), like getting out of bed,
toileting, or grocery shopping, their dependence on the
system spikes. Emerging trends in robotics sugoest thot
wearable  exoskeletons  are  reaching @ price-
performance milestone thot could revolutionize  this
sector (Fortune Business Insights, 2028). By shifting from
heawy industrial designs to lightweight "soft suits”, these
devices are positioned to replace wheelchairs not just as
a means of transport, but as a tool for Maintenance
Training, actively preventing muscle atrophy  through
assisted movement. There's also the chance that many
of these devices avoid the regulatory barmer of being
marked as medical devices,

Assistive
Robotics

To overcome the high caopital expenditure of these
technologies, the  Robotics-as-a-Service  (RoaS)
business model is essential. Roas transforms a heavy
upfront investment into a scoloble operating expense.
Most importantly, this model ensures continuity of walue:
if @ senior's condition declines to the point wheare they
require hospitalization, the exoskeleton iz not o "lost”
perscnal investrment. The service provider can also
reallocate the hardware to anothear user,

Future odvancements must focus on making
exoskeletons more user friendly in their design, ensuring
they are edsy 1o put on and comfortable enough to
wear during daily activities, including showering and
pesonal hygiene tasks, More importantly, some of these
exoskeletons now only provide power and dont help
with balonce.

We identify this 0z an opportunity for the coming 5-10
YeOrs.

Elderly
Autonomy

Alleviate
healthcare

pressure
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Cognitive Companionship as a
Solution for Social Isolation

N Social robots focus on conversation and social presence to provide kindness and interaction
when human caregivers are overburdened.

N Robotic companions act as a spark for people with memory loss, helping them rememkber the
past and share their own life stories again.




Cognitive Companionship as a Solution for Social Isolation

Multiple interviews highlight that social presence and
cognitive support may be both high-need and more
feasipble near-term than fing manipulation tasks, As ane
interviewee put it "Caregivers know that they need extra
people to provide presence, attention, information,
stimulation and support” At the same time, "the fine
manipulation tasks are quite hard for the robots, but
the social presence tasks are much easier and tend to
deliver significant return on investment too.” (Samuel
Benveniste, Co-founder Enchanted Tools, personal
communication, January 30, 2024,)

This opans gn opportunity space for companionship with
cognitive engagement as a complementary layer, and
not a replocemeant for human coare,

Concrete exploration areas emerge around memory
disorders, where the need is described s growing
rapidly and structurally: "There will be a huge need
because memeory disorders are increcsing a lot. it may
be that we simply will not have encugh people to help,
so we need technological solutions,” (Niemela, personal
communication, January 24 2024). Pilots with social
robotics show concrete engagement  effects. “When
thergs o robotic animal, people start reminiscing,” and
“even pecple with mermory disorders have started
remerniening.. then you can get into conversation about
their post,” creating *o stimulating moment,. and
bringing meaning into everyday life." (Nyman & Rautio,
personal communication, January 2&, 2024).

Loneliness emerges oz o pardllel exploration spoce, A
health care consultont personal  [communication,
January 20248) described home care clients as “very
isolated,” leading to broader mental health risks, A
Director of Operations in eldery homes (personal
communication, January 2026 framed "having someones
talk with me" as tele-support that “con be done by
pecple, but it can also be done by robotized systems.”
Sirnilarly, a haospital coordinatar (personal
communication, January 2026] noted: "We hove patients
very alone in the hospital,” and identified ocpportunities
in  Ccognitive  stimulation”  and ‘o nen-dangerous
conversation with parameters sat with the patient.”

At the same time, ethical boundaries are central. A
specialist in the development of assistive technologies
for  elderdy core  ond  wel-being  {personal
communication,  January  2028)  cautioned  thot
conversational Al fools can be  ethically  quite
challenging so thot you den't mislead pecple into
thinking it's o real person,” especially as many users have
cognitive impairments,

However, they emphasized that automotion could free
professionals to “spend that time providing social
support.”

Memory
Disorders

Social Robots

Alleviate Social
Support

(1.7

Trends

-
=t
=

o

=
=

=8

]
L

|ldeation



&7

Logistics as the Door to Scalable
Autonomy in Care

N Autonomy in elderly care will depend less on breakthrough technology and more on the
logistical systems that quietly support everyday life.

N The future of elderly care may not be decided in hospitals, but in the logistical and
infrastructural layers that determine whether independence is possible.




Logistics as the Door to Scalable Autonomy in Care

Ancther shared wview among professionals in both
healthcare and technolegy is that, although progress
has been moade, there s still o major opportunity to
strengthen autonomy through better logistical structures,

At its core, the objective is simple: reduce the time
burden on caregivers while enabling more people to age
in place with dignity. Robotics is not some distant vision
= it's an immediate tool that can improve the logistical
flow of care across two key environments,

First, home logistics. These are the repetitive physical
tasks thot often determine whether on elderly person
can remain independent or must move into assisted
living. Moving heayy laundry, carmying grocernies inside, or
supporting hygiens routines may sound simple, yet they
frequently become decisive barriers to autonomy.

Second, building logistics offers an equally  strong
opportunity. Autornating the tronsport of food trays,
medical materials, waste, and administrative items can
quite literally release the hands of professionals, allowing
them to focus on what truly maotters: potient-centered
care.

The primary bottleneck we identify, however, is not the
technology, o aven regulation, but  infrastructure
accessibility, Most buildings are simply not robotic-ready,
They lack outcmated doors, adoptoble elevators, and
the spatial logic required for seamless operations.

This hos contributed to what could be described as the
“prison flat” phenomenon: homes where seniors are
limited less by their own mobility than by physical
bamiers such as high thresholds or missing elevators. In
thase contexts, robotics: can bacorme a critical bridge,
ensuring essential goods and services reach the user
even when the user connot navigote the building.

The redl opportunity lies in strategic seguencing.

Some startups have struggled by immediately pursuing
rmedical-device status, exposing themselves to yvears of
regulatary friction, Others have found o smarter path by
focusing  first on purely  logistical,  non-medical
applications, reducing complexity and creating o faster
highway to market,

This approach helps institutions gradually adopt, builds
trust through reliakility in low-risk environments, and
future-procfs platforms  thaot can loter evolve into
certified madical devices,

Those who succeed in establishing this logistical
foundation will enter a market with surprisingly  few
competitors,  positioning  themsehes o own the
operational infrastructure of future elderly care. Because
if something s becoming clear, its that  this
transformation is already underwaoy, and there is no
turning bock.

Hospital Logistics

Alleviate
Healthcare Staff
Tasks

Transportation
Robots

Home Logistics
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Documentation Bottlenecks: Regulation and
Language

N By late 2026, the shift toward "ambient intelligence” is projected to return up to 40% of the
workday to caregivers, transforming senior care from an administrative-heavy utility into a
high-touch, resident-centered environment.

N A reframing of robotics from heavy machines to active partners that help keep muscles strong
and seniors independent.




Documentation Bottlenecks: Regulation and Language

The heavy reporting burden in senior care has become o
critical bottlenack, as increqsing regulation forces
caregivers to spend more time on documentation than
an resident care, Current documentation systems are
cutdated aond slow, logging behind technclogical
stondards and  creating o  stressful hurdle for an
increasingly international workforce, This gives  many
opportunities. Al comverts spoken word into professional,
formotted medical text, eliminating the hours caregivers
spend typing., By integrating sensors on godgets or
companion robots, the system captures nen-verbal data
like gait and wvitals, syncing it directly into the digital
health record for preventative insights,

These advancements in opemtional speed  directly
address the industrnys most pressing challenges. By
autormnating the reporting process, the platform frees up
staff for direct care; A value already proven in care home
tricls where docurmentation time was cut in half This
transformation allows caregivers to focus on their
primary  mission  rather  thon  being  sidelined by
administrative tosks,

The systerm further supports on inclusive workploce by
assisting non-native spedkers with instant cormections 1o
grommear cnd medical terminelogy. By lowering the
linguistic barriers to entry, the technology ensures that all
stoff members can produce high-quality medical
records while reducing the stress associgted  with
cormplex documentation.

Cost-effectiveness remains o primary driver for the
adoption of this technology., Implementing  Al-criven
solutions is significantly cheaper than relying on manual
scribing or dlosorking the costs of lost productivity.
Furthermore, the inherent efficiency of Al developrnent
and the ability to utilize affordatsle mobile devices make
this an economically vioble transition for focilities of all
sizas,

We alzo see an opportunity combining Al ond sensor
baszed medical examination. By merging physical sensor
data with written clinical notes, platform could provide a
holistic view of resident health thot was previously
difficult to achieve. This integration allows for the earby
detection of health risks, shifting the care model from
reactive to preventative, Since these integrated systems
are not yet the industry stondard, there is a vast market
opportunity for those ready to modermize,

However, ertering this highly competitive field requires
addressing significant technical and security hurdles.
The platform must maintain high levels of encryption to
ensure data privacy while successfully managing the
complexities of Al integration. Mitigoting the sk of Al
hallucinations is essentiol to maintain the obsolute
accuracy required for medical recerds. Finally, success
depends on the seamless integration of modern Al tools
with legocy software, ensuring that aven focilities with
outdated technology can benefit from these clinical
advancements.

Firms alrecdy doing this:

Abridge: Market leader in "ambient” documentation that
transcrices and summarizes clinical conversations into
structurad notes in real-time.,

Nuance DAX (Microsoft): The enterprise standard for
large-scale health systems, deeply integrated with major
EHRs like Epic.

Suki: A wvoice-first Al assistant optimized for mobile
devices, helping with both documentation  and
administrative tasks.

Heidi Health: A flaxible, clinician-first Al seribe that excels
at learning individual writing styles and supports multiple
languoges.

Improve
Assistance To
Patients

Documentation
Automated By Al

Time Spent In
Documentation

And Logging
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@WOLIKON
Forget Wheelchairs ’ )

Wolkon helps older adults stay mobile and independent without
relying on wheelchairs or full-time caregivers. Instead of selling
expensive exoskeletons, Wolkon offers them s a monthly
subscription that includes the device, fitting, training, and
maintenance. This makes advanced mobility support affordable and

flexible, with no upfront cost.
| aEEEETETEEEEEEEEE——  000 4

As a person's needs change, they can switch or return the
exoskeleton, avoiding wasted investment. The service is designed
for seniors who can still stand and walk with assistance, people at
risk of falls, and those recovering from rehabilitation. By reusing and
refurbishing devices, Wolkon keeps costs low while extending the
life of each exoskeleton.

72
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@QWOLIKON

Falls are the leading cause of injury-related hospital

S Exoskeletons can significantly reduce the risk of falls
admissions among adults over 65 ey 5 :

Exoskeletons are too expensive for individuals to

Subscription access removes high upfront costs
purchase =

Improved mobility increases independence and

Mobility decline leads to loss of independence . . g
reduces |loneliness

Many older adults prefer to avoid hospitals and care
facilities

Greater autonomy allows people to stay in their
homes longel

Monthly subscriptions cost less than professional

Careqiving

Caregivers are costly and often unavailable

Vi vy




Wolkon Business Model

Customers can upgrade or
change exoskeleton type as
mobility changes

5

maintenance

Devices can be refurbished and
reallocated to new subscribers,
maximizing asset lifecycle.
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Total Addressable Market

According to the World Health Organization (WHO) World Report on Ageing
and Health, there are currently 727 million people aged &5 or older
worldwide.

The global exoskeleton market was valued at approximately $455 million in
2024 and is projected to grow at a CAGR of 16.8%, reaching about $1.58
billion by 2032, driven by advancements in Al, lightweight materials, and
increasing adoption in healthcare, industrial, and defense sectors (SNS
Insider).

Serviceable Addressable Market

A service-based model is most viable in high-income regions like the US and
EU, where approximately 37 million seniors report significant difficulty
walking (CDC 2024,/2025; Eurostat 2024).

Economically, about 40% of these seniors possess the discretionary income
to afford a monthly subscription as an alternative to expensive private care
(OECD 2025).

Applying these filters results in a realistic SAM of approximately 3.8 to 4.0
million people who are tech-literate, financially capable, and clinically suited
for wearable mobility support.

Serviceable Obtainable Market

In the 2026 health-tech landscape, successful startups typically target a 1%
to 5% capture rate of their SAM during the initial scaling phase (Antler, 2026).

Applying a conservative 2% capture rate to the 4 million-person SAM results
in a Serviceable Obtainable Market of approximately 80,000 active
subscribers.

TAM $727.00M

people aged é5 or older worldwide

SAM $4.00M

elderly in EU/US markets

SOM $80,000

active subscribers
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/1Construction
/1Technology Trends

— Multi-Domain Autonomy

— Mobility, Mapping and Sensors
— BIM and Data Collection

— 3-D Printing



Multi-Domain
Autonomy

Mobile robotics are enhancing site inspection and
safety through autonomous navigation, though
widespread adoption is hindered by complex terrains
and prohibitive hardware costs.

Mokile rabots have increasingly found their way into different industries, particularly in
the form of Unmanned Autonomous Vehicles [UAVS) which have proven useful for site
inspaction purpases (Gupta & Nair, 2023). While ground and subterranean robotios face
significant implementation hurdles regarding terain and dota continuity, research
continues to advance the capabilities of small mebile robots to navigate complex
anvironments where human sk is high,

Facts

Established Utility of Aerial Systems: UAVS have been validated as useful teols for site
inspection during the active project construction phase as well as for regular
maintenance inspections thereafter (Meding, 2025).

Advancement in Ground Rebotics: Research has continued in the areda of small mokile
robots designed to implement specific tasks in work sites (Héctor Azpurua et al., 2023},
Furthermare, navigation and control platforms for ground obotics have improved
trernandously, anabling batter handling of complax terraing.

Drivers

Risk Mitigation in Hazardous Environments: A primary driver for the adoption of
autonomous systems is the significant risk attached to human werkers opeargting in
difficult terrains. This sofety necessity drves the research into small mobile robots
capable of navigating these specific, risky work sites [Héctor Azpdrun et al, 2023,

Meed for Consistent Inspection: The requiremant for regular inspections during and
after construction drives the utilizotion of UAVs, which offer a proven sclution for
maonitoring site progress and conditions (Madinag, 2025).

Challenges

Environmental and Operational Censtraints: Subterranean autonomaous systams are
challenging to implement in construction sites due to a lack of continuous data
availakility, the presence of complex moving platforms, and mability limitations caused
by uneven termaing (Experts in construction site management, personal communication).

Economic Barriers in Low-Margin Industries: Despite improvemnants in control platforms,
the cost of entire robotic systems remains too high for widespread adeption in the low-
margin  construction industry. These prohikitive costs are primarily  driven by the
requirement for high-end LDAR sensors and other expensive unit costs associaotad with
complex sensor suites [Opteran, 2025),




Mobility, Mapping and
Sensors

Mobile robotics and sensor fusion are elevating
construction safety and precision through autonomous
navigation.

Mobile robotics have firmly established their utility in construction, particularly through
Unmanned Asrial Vehicles (UAVs]) which serve as proven tools for site inspection and
structural monitoring. However, navigating the complex, changing terain of active
jobsites requires more than simple GPS. To operate effectively in "GM3S-denied”
ervironments like tunnels or indoor sites, autonomous systems must raly  on
Simultaneous Localization and Mopping (SLAM) and sophisticated sensor fusion. By
combining inputs from LIDAR, UWB, and other sensors, these platforms con achieve the
high-precision lacalization necessary to transition from teleoperated machinery to fully
autonomous manipulation.

Facts

Established Utility and Navigation Stocks: UAVs act as proven tools for site inspection
iMeding, 2025} during project construction and for regular inspections thareafter. In
terms of navigation, GNSS-RTK based platforms are used now in control systems to
autarnate control systems for heavy machinery (Lopes & Trabanco, 2022), open-air
infrastructure projects and for monitoring structural changes (Jiang et al,, 2025,

Rele of LIDAR and UWB: LIDAR is used in GN5S-danied envirenments (like tunnels and
indoor sites] to conduct site safety inspections and pragress checking (Feng et al,
2025}, Since industrigl-grade 30 LIDAR sensars typically cost between 33500 and
£8,000 and full surveying scanners exceeding $50,000, these sensors are reserved for
accuracy-sensitive tasks such as Floor Flatness/Levelness (FF/FL) analysis and Scan-
to-BIM deviation checks., Meanwhile, LWEs are used in lower-level gutonomals tasks
such as site resource assessmant.

Sensor Fusion Integration: Complex environments require multiple sensars working in
tandam. By comiining data, the computational platfarm achieves a much maone pracise
understanding of its surroundings than any single sensor could provide.

Drivers

Mitigation of High=-risk Labor: Ressarch has continued in the area of small mokile
rolots which implement specific tasks in work sites (Héctor Azpdrua et al, 2023) since a
lot of risks come attached with werking in such terains.

Dynamic Environment Adaptability: The primary driver for SLAM is the need to build o
map of the site as the robot navigates it, rather than relying on @ pre-logded map that
becomes obsolete the moment, say, a pile of dirt is moved.

Challenges

Environmental and Data Constraints: Subterransan autonormous systems seem to be
challenging to implement in construction sites due to the lack of continuous data
availakle, complex moving platforms, and limitations with mobility due to uneven
terraing (Experts in construction site management, construction cansulting and mokile
robotics), Furthermar e, GHNSS sensors fail 1o work in "GNSS-denied” anvironments where
signals cannot reach, such as canyens and indoor sites.

High Costs and Industry Inertia: Even though noavigotion and control plotforms for
ground robotics have improvad tremendously, the cost of entire systems are still guite
high to be adopted by a low-margin industry like construction. The high costs come
fram the requirement of high-end LIDAR sensors and other unit costs associated with
these complex sensors (Opteran, 20251 Additionally, issues still remain with adoption
due to slow digitization rates in the construction industry and the hard fact that human
lamour is difficult to reploce due to the slow-moving nature of the construction industry
{Kelkar ot al., 2025),

Impact

Transition te Autonomous Manipulation: On the SLAM platform, the transition for heawvy
machinery can be from one of tele-operated, single-task machines to autonomous,
multi-purpose mabile manipulators (Hsieh et al, 2023),

Enhanced Precision in Adverse Cenditions: In construction projects, especially indoor
projects wherg a lot of dust can be produced, it is dificult to rely on just one type of
sensor and sensor fusion has proven to be useful in producing better results in
construction sites with limited visibility ond other limiting factors [Parsens et al,, 2024,
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BIM & Data Collection

BIM is transforming construction by integrating data
across the project lifecycle, enabling autonomous
workflows and optimizing resource allocation despite
complex adoption barriers.

Building Information Modeling (BIM) is used to produce a digital representation of o
project across its entire project cycle, spanning from the glanning and design stages to
actudl canstruction and operations (Autodesk, 20230 With the fast-paced adoption of
BIM and ather 30 models, data has proven to be very valuakble in all phases of a
construction project.

Facts

Lifecycle Integration: Unlike traditional construction projects which use 20 drawings
and fragmented data, BIM enables integration and krings together the data into a 30D
model (Global Industry Analysts, 2025). 30 Modelling starts even before any material is
prought into the site whera the inspaction is done by using aenal vehicles which make o
map of the site to help towards making o BIM madal for planning (Wawrzyn, 2027,

Synergy with Autonomy: With increasing BIM integration and the dota collection it
dermands, SLAM integrated applications have started to emerge quickly in the field
prograssing the usability of autonomous systems [Hsich et al, 2023} For example,
inventory data can be captured through BIM which can prove very useful in maximizing
resource allocation in different parts of a site; and collecting this data con be
delagated to systems like UaVs and other LIDAR-equipped systerms that reguire minimeal
hurman intervention.

Drivers

Market Expansion and Standardization: Due to the lack of quick adoption of
technalogy in the construction industry, adogtion of BIM can prove to be advantageous
for companies in the EU trying to internationalise {Ciullo, 2024). Implementation of BIM
allows firms to stondardize processes across borders and can act as o market entry
strategy, particularly in developing regions whare it provides opportunities for priority
government partnerships and reduced competition for early adoptars.

Complexity Management: With construction projects growing in complaxity, major
construction stakeholders have pushed the move to uwsing Building Information
Modeling (BIM) during the entire cycle of a project.

Challenges

Data Dependency: To support BIM modelling and to improve productivity, aoccurate and
valuable datg is necessary at all stoges. This requiremeant necessitates robust data
collection methods, often relying on advanced systems like Uavs and LIDAR.

Impact

Productivity and Waorkflow Optimizotion: The usoge of BIM dota con improve
praductivity by appropriotely sequencing waorkflows and  aiding  with  resource
management {Team Onindus, 2024). This allows for maximizing resource allocation in
different parts of a site.



3-D Printing

3-D printing is curbing construction emissions and
enhancing geometric freedom through Al-guided
robotic arms, overcoming the logistical constraints of
traditional gantry systems.

With cement production contributing to close to B% of greenhouse emissions (Purtan,
2024), there has been an active push to move towards a less consuming method of
building. 3-D Printing emerged as a viable solution due to a reduction in the amount of
tirme taken, materials used and assistance from Al 1o make fail-proof, acourate Z-D
printed models.

Facts

Technologieal Shift: The industry is currently witnessing a shift from traditional gantry
systems to robotic arm-based printars (such as d-axis arms).

Diverse Applications: Across the industry, 3-D printing hos been used to build
foundations for infrastructure projects, pre-fabkrcoted components for the construction
of houses in gated societies and a variety of other use cases,

Drivers
Environmental Urgency: The primarny driver is the need to reduce the 8% of global
greenhouse emissions contributed by cement production (Purton, 2024,

Operational Efficiency: Adoption is further driven by the reduction in time token and
materials used compared to traditional methods.

Challenges

Logistical Constraints of Legacy Systems: Traditional gontry systems are bulky and
difficult to fransport, unlike newer robotic arm-based printers which offer easier
transport to difficult sites (MeClements, 2023,

Impact

Geometric and Logistical Freedom: The move to robotic arm-based printers offers
greater geometric freedom compared to their bulky predecessors (McClements, 2023).

Enhanced Accuracy: Assistance from Al helps make fail-proof, accurate 3-D printed
madeals, reducing waste and rewark,

Exploration
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1 Construction
71Economic Trends

— Industry and Project Costs



Industry and Project
Costs

The European construction market is projected for
strong growth driven by infrastructure investment, yet
faces profitability challenges from rising labor costs,
material inflation, and heavy regulatory compliance
burdens.

The Eurcpean construction market waos wvalued ot $2.75T in 2024, with projections
indicating that the market size will reach 34447 by 2034 (Research and Markets, 2025,
The general cost structure of a construction project within this market can ba divided
into the following costs: lakbor, materials, equipment and site preparation, compliance,
planning, administration and financing.

Facts

Market Growth and Labor Trends: The market 15 projected to grow at o 459% CAGR,
However, the costs of o construction project are incregsing, Labor casts for construction
in Eurcpe are also seen to be increasing — 4.8% between G2 of 2024 and 2025, which is
1.2% greater than the averall increase in labor costs in Europe (Eurostat, 2025,

Compliance Tools: While extensive dotoboses do exist to aid in calouldtions for
requlotory compliance (exomples include coZdataf, OneClickLCA), they are also hefty
axpenses for construction companies.

Drivers

Infrastructure Investment: Two primary drivers for the projected growth are the
increasad investment into infrastructure projects, ond increcsed investrnent  into
improving and developing the trans-European transport network [TEM-T) (Research and
Markets, 2025).

Geopolitical Factars: Material costs (the aotual material, and the procurerment logistics)
have also been increasing, within the ELL This can be attributed to general shortages,
as well as geopolitical measures {tariffs),

Challenges

Regulatory Burden:, Construction companies dlso have to spend time and money for
requlatory comphance. As highlighted by o Founding Engineer of a construction
workflows startup, companias must record all CO2 emissions of all invalved processes in
the construction process of the project, and report them as part of compliance in
Europe. Spending tme and meoney on monitoring and calculating such walues is
axpensivea,

SME Vulnerability: Thousonds of SMEs in Eurcpe are burdenad by steel and aluminum
tariffs and reduced impert guotas, where such SMEs also include construction
companies (Group, 2026).

Impact

Rizing Project Cests: The combination of labor cost incraases (outpacing the ganeral
market} and material cost inflation directly impacts the financial viability of projects.

Market Expansion: Despite these rising costs, the industry is poised for significant
expansion, diiven by large-scale infrastructure initiatives,
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1 Construction
/1 Labour Trends

— Productivity Decoupling
— Demographic Attrition and Shortages

— Costs Attributed to Labour



Productivity
Decoupling

Construction productivity is facing a distinct downward
trend due to systemic fragmentation and project
heterogeneity, lagging significantly behind
manufacturing efficiency despite broader European
labor growth.

Labor preductivity in Europe has increased by «09% on on annual bosis between
19e-2024. It should be noted that owverall labor productivity in Europe has been
gradually increasing in an approximately linear manner, However, the construction
industry faces a distinct downward trend attricuted to technelogy, frogmentation, and
heterogensity

Facts

Divergent Productivity Trends: While the general labor productivity in Eurape grew, the
change in lakor productivity in the construction industry is -0.5% cnnually in the same
time frame {Eurastat 2025, ECB Data Partal 2024). In contrast, manufacturing has seen
an average annual +2.3% productivity increase between 1999-2024 (Eurastat 20250,

Industry Compesition: Construction is a highly fragmented industry which consists of
many stakeholders, including: project owner, general contractors, subcontractors,
designers and architects, safety inspection consultants, It is alse considered a
hetercgeneous industry because no two projects are ever identical.

Drivers

Repeatability as an Efficiency Driver: Increases in efficiency usually come down to how
repaatable a process is—exactly why manufacturing has outgerformed construction in
productivity metrics.

Economic Constraints on Innovation: The driving factor far the slower transition toward
o more digitalized industry is the fact that the construction industry generally strugglas
with tight margins, causing a lack of RED investment.

Challenges

Technological Adoption Barriers: In construction, the adoption of ICT has been lower
relative to adjacent industries. This can be attributed to multiple factors: lack of skiled
laber, aging workforce which hasn't kept up with new technological innovation, and a
fragmented industry where tech stacks aren't universal, so banefits aren't seen as much.

Workflow Disintegration: Each porty has their own independent workflows, which are
disintegrated from each othar due to subpar communication.

Inherent Variability: In contrast to manufactunng, construction is an industry which has
always been subject to high varability between projects. Factors which cause this
variability include: geogrophy {weather, land, likelihood and type of notural disostar),
project specifications, local regulations, differences in building sites and design changes
{Jaskowski & Biruk, 2019).

Impact

Systemic Bottlenecks: The hetercgeneous nature of projects mokes the lock of
standardization o systemic bottlenack for productivity,

Operational Redundancy: The fragmentation among stakeholders leads o o tendency
for redundant work by each involved party, contributing to the negative annual
productivity growth of -0.5%.
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Demographic Attrition
and Shortages

The construction industry faces a critical labor crisis as
an aging workforce retires without sufficient young
replacements, deepening the skilled labor gap and
stifling innovation across Europe.

As is reflectad by the general trend in an aging population in Europe, the construction
workforce also experiences problems of an aging workforce with fewer young people
wha areg willing ta enter the industry, alongside skilled labor shartages.

Facts

Demographic Shifts: In 2021, 32% of the workforce fell inta the 50-64 year old age group
{CEDEFOR, 2023), which has only increased as of today. Research by the USP Marketing
Agency suggests that the average age of the workforce in BEurope is hovering around 50
years in 2025, Key nations ke Germany reported an average age of 43 years old in
2020

Extent of Skilled Laobar Gap: Already in 2021, 70% of construction companies in Germany
reported o lack of skiled labor as o significant obstruction 1o construction activities and
efficiency, a trend which is also pan-European [Construction Blueprint, 2021}, According
to the European Construction Industry Federation [FIEC), upskiling and reskiling 25% of
the waorkforce is required to reach the target of 3 million skiled workers between
2022-2027

Drivers

Workforce Perception: Alongside an aging population, there is o lack of a vounger
workforce entaring the market becouse construction is looked ot as o labor-intensive
job without high pay, alongside exposure to health risks.

Broader Labor Trends: Such trends aren't solely subject to construction, but this is o
general trend seen in labor-heavy industrias, as mentionad by o CEO of a construction
technology company.

Paolicy=-driven Demand: The Eurcpaan Union's agenda with green and digital tronsitions
in the construction industry creates on odditional skil gop between the cument, and
desired labor.

Challenges

Imminent Retirement Wave: Issues with labor shortoges are already prevalent, but the
relevance will ke further mognified as o significant part of the workforce gets closer to
retirement age (between 40-55 years). Projections indicate that 10% of the workforce in
Sweden will retire by 2028,

Skill Miss-Match: This complementad with the aging warkforce (and a lower entry of
young workers) contrioutas to o skill mismatch. With general labor shortoges, shortoges
of skilled labor (electricians, plumbers, HVAC, carpentars, etc) is also prevalent,

Impact

Stifled Innovation and Productivity: Lack of skiled labor also contributes to a lack of
innowation, reflected by the productivity decline and stognated innovation within the
industry. This skill misrmatch slows down labor productivity,

Operational Obstruction: The lack of skilled labor acts as o significant obstruction to
construction activities and efficiency {Construction Blueprint, 2021).



Costs Attributed to
Labour

High labor costs in Europe and the US significantly
impact construction budgets, accounting for up to 50%
of total project costs due to regional disparities and
project-specific requirements.

The average cost of labor in Europe, in the construction sector is €30.0 per hour
{Eurostat, 2025), only falls below the United Stotes where average labor costs are $40.6
{FRED, 2025}

Facts

Global Cost Comparison: The average cost of labor in Eurcpe is €300 per hour,
compared to $40.6 in the United States. For comparison, labor costs in India are 217/
kour {ERl Economic Ressarch Institute, 2024), which is $104 when adusted for
purchasing power parity,

Project Cost Proportion: Lalbor costs account for 20%-50% of the costs of the owarall
project (Autodesk, 2024).

Drivers

Project-specific Requirements: Labor costs differ by project, bosed on the project’s
amaount of need for skilled or speciglized labor, amount of human lobor reqguired, the
country where the project is based, and so on.

Challenges

Heterogeneity and Variability: The high varability in the percentoge figure stems from
the heterogenaous nature of the construction industry

Impact

Significant Budgetary Weight: Because lobor costs account for 200-50% of the costs
of the overdll project (Autadesk, 2024, this component represents a substantial financial
impact an construction budgets.

Exploration
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Construction Codes &
Safety Regulations

Construction innovation faces a dual compliance
barrier: navigating generational lags in building codes
while meeting strict new EU safety regulations for
autonomous machinery:.

Construction codes dictate what can be built and how, vet they move at generational
tmescales that lag behind the technelogies now ertering the industry As one
interviewee from a construction tech startup explained, "new mdaterials take 50 yaars to
enter building codes” (Feunder, construction tach startug, personal communication,
2026}, With new EU sofety regulations for outonomous machinery taking effect in 2027
construction technology companies foce the dual challenges of warking within outdated
structural codes while complying with rapidly evalving product safety fraomewaorks.

Facts

Construction Codes Evolve at Generational Timescales: Structural gloss, fibre-
reinforced polymers (FRP), and tensicned membrane structures all have 30 to 50 years
of research behind them, yet most are only now partially entering the second-
generation Euracodes expected batwaan 2027 and 2028 (Eurocodas JRC, nd.). Newer
construction methods such as 3D concrete printing and robetically assembled
structures do not appear in the second=-generation scope at all.

Mew Autonomous Machinery Safety Regulation Sets Compliance Deadline: The ELls
Machinery Regulation (20231230} will replace the current Machinery Directive 2006/42/
EC on January 20, 2027 with ne transitional perod (TUV Rheinland, nd.). Under the new
framewark, "machines using self-evalving Al dlgorithms where outcomeas may not be
fully predictalle at design time" will likely reguire third-party conformity assessment
rather than self-declaration (TechWaorks Al 2025

Drivers

Mew Equipment Outpacing Existing Sofety Rules: The transition from the Machinery
Directive to the Machinery Regulation reflacts the EU's recognition that autonomous
and Al-driven eguipment reguires a fundomentally different safety fromework.
Construction robotics, autonomaous vehicles on site, and Al-powered inspection tools all
faill under this updatad ragime, which now explicitly addresses software-defined safaty
functions and self-learning systems.

Challenges

Software Updates as Re-Certification Events: According to the new Machinery
Rzgulation, anyoene who carfies out " substantial modification of machinery or a
reloted product shall be considered to be a manufocturer for the purposas of this
Regulation” (Regulation [EU) 20231230, Article 18). In Article 3, software is defined as
part af the machinery itsalf, rathar than a separate addition (Reqgulation (EW) 20231230,
Article 3). For construction robotics companies, or their clients, firmware updates that
alter safety-related behaviour could gudlify as substantial madifications, making every
such upddate o potential re-certificdtion event,

Mo Established Regulatery Pathway for Emerging Censtruction Metheds: Companies
deploying thase technologies must operate without standardised code provisions,
adding liabkility exposure on top of longear wait times for regulatory recognition,

Impact

Dual Cempliance Burden Shapes Market Entry: Construction technology companies
must simultanecusly novigate slow=moving building codes that do not yet account for
their innowvations and fast-moving product safety regulations with fixed deadlines. This
dual kurden favours well-rescurced companies that can manage parallel complionce
workstreams, and creates a structural barrier of entry for startups and SMEs entering the
construction mbotics space,
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Cybersecurity
Regulations

Construction is facing a surge in cyberattacks and a
strict tripartite regulatory burden, transforming
cybersecurity from an operational detail into a
mandatory barrier for EU market entry.

Canstruction has become ane of the most targeted industries for cylberattacks. As BIM
platforms, 10T sensors, and cloud-bosed colloboration tools become standard on
construction sites, the entry points for attacks expond rapidly while protective
framaworks lag behind,

Facts

Construction Ranks Among the Most attacked Sectors Globally: Construction and
enginearing ranked ameong the top three industries affected by ransomware worldwide,
alongside business services and industrial manufacturing (Check Point Research, 2025),
The construction cybersecurity market is expected to grow from $8.58 billion in 2026 to
£18.47 billion in 2030 ot a compound annual growth rate of 21% (Research and Markets,

2024).

Connected Devices on Construction Sites Expand Security Vulnerabilities: Many
connected devices on construction sites “ware not designed with top-tier security
pratocols in mind” and often "run on outdoted operating systems or rely on default
posswords” (Woodrff Sawyer, 2024). As BIM platforms, loT sensors, and cloud-based
tools become standard, eoch interconnected stakeholder represents o potential entry
point for attackers across the project natwork.

Drivers

The EU Regulatory Framework Mandates Cybersecurity for Connected Products: Linder
the upcoming EU regulations, "Al systems that can be updated must demonstrote
protection against cyber threats, including tompering and data  manipulation”
(TechWaorks A1, 2025). This is not aptional as the Machinery Regulation classifies

software as part of the machinery itsalf {Regulation [EU) 20231230, Article 3}

cybersecurity is now a precondition for CE marking, not an aftermarket consideration

Challenges

Tripartite Compliance: A construction robotics company selling an autonomous system
in the EU may nead to sotisfy three separate regulatory regimes simultaneously: the
Machinery Regulation for safety, the Al Act for algorithmic risk, and the Cyber Resilience
Act for digital security. Each with its own conformity assessment, its own documentation
requirements, and its own penalty structure, As TechWaorks Al notes, "machinery with
embedded Al, especially those copakle of autonomous decision-making, wil
potantially be subject to complionce under the Machinery Regulation, the EL Al Act and
the EL CRA" (TechWaorks Al 2025). Mo unified process exists to assess all thrae togather,

Impact

Cybersecurity Becomes a Market Access Gate: Construction technelogy companies
unable to demonstrate cybersecunty compliance will not be able to place connacted
preducts on the EU market from early 2027 For comparies already navigating the
tripartite complionce burden, failing to meet any cne of these requirements is sufficient
to block market entry entirehy



Certifications &
Regulations

Strict liability regimes and expanding EU certification
requirements are creating a verification bottleneck,
forcing construction tech companies to navigate
fragmented regulations across 27 member states.

Certification is the gateway to the EU construction market. The revised Construction
Products Regulation {CPR 2024/3110) has significantly expanded what certification
covers, reguiring Digital Product Passports (DPPs) across 36 product families, Yet “anly
18% of construction suppliers are fully ready for updated EU complionce” {Ecochain,
2025).

Facts

A Trust Deficit Undermines Data Sharing Across the Censtruction Supply Chain: Each
stakeholder in o construction project independently recalculates quantities rather than
trusting data emiedded in BIM files or provided by other parties. As a Founding
Engineer ot a construction technology company exglained, "No one takes responsibility
for the actual value. So everyone has their secret values' (Founding Engineer,
construction technology company, persondl communication, 2028l This is not g
technology problern but a liakility-driven behaviour: each party recalculates because
they bear legal responsibility for the figures they approve.

Drivers

Regulatory Expansion Turns Certification into a Hard Gate: The revised CPR introduces
phased envirenmeantal reporting and Digital Product Passports, with complionce
mandatory for all pricrity product categories by January 2028 (Ecochain, 2025). For one
construction robotics startup, CE certification on infrastructure compaonents is what
unlocks access to major utility clients; without it, market access is structurally impossible
regordless of how well the technology performs {Founder, construction robotics startup,
persondl communication, 2026,

Challenges

Liability Fragmentation Across 27 Member States: The ELIOS study, commissioned by
the European Commission to map construction liability regimes, concluded that “the
idea of European harmonisation has been abandoned and considered as unrealistic
due to the complexity and diversity of the naticnal legal and insurance systems” (Centre
d'Etudes o Assurances & CSTE, 2010). Fifteen years later, the situation has not imgroved,;
a 2025 European Parlioment study wams that “the worst case scenarno is a piecameal
legal landscape that undemmines the intemal market and disincentivises innovation by
increqsing regulatory overhead” (Bertolini, 2025). For  construction  technology
companies deploying products ocross borders, this meoans navigating not one
regulatory  framework but 27 each with  different  foult  stondords,  insurance
requirernents, and enforcement mechanisms.

More Certification Reinforces the Recalculation Leop: More certification requirements
paradaxically add meare points of potential liakiity, reinforcing rather than resolving the
cycle whare avery stakeholder independently re-varifies dota they do not trust. The EL's
sustainakility reporting framework alone costs between "BEUR 150,000 for non-listed
companies o ELUR 1 milion for listed ones” (Draghi, 2024), and even within the single
market, “market behaviour imposes higher and costlier complionce reguirements than
EU law" [European Commission, 2004).

Impact

The Emerging Verification Bottleneck: Compliance is becoming a duralle competitive
advantage, but as the regulatory burden scales, so does the strain on the institutions
responsiole for checking it. Notified bodies, BREEAM assessors, and building control
inspectars face expanding workloads with no corresponding incredse in capacity,
creating a second bottlensck at the verfication layer.
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— Silos of Data due to Discrete Workflows
— Labour Crisis: Aging Workforce, Hardware Cost Barrier

— Cybersecurity & Verification

— The Schedule Gap: Scope Creep, Delays, and Cost Overruns
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Silos of Data due to Discrete Workflows

N Disconnected Software causes data silos, breaking workflows.
N Defensive Redundancy forces teams to constantly recalculate data.

N Isolated Workflows undermine any "Single Source of Truth.”




Silos of Data due to Discrete Workflows

“Crack the integrotion izsue ond you hdve o more
productive workforce in construction.” This insight from
the CEQ of an Asian construction cansultancy highlights
the industry’s critical struggle with dato fragmentation,
Data remains siloed between stakehcolders, a proklem
ironically exacerbated by the increasing adoption of
disconnected Project Management Software (Roepke,
2019). Although intended to streamline operations, these
independent platforms  often fall to  communicate,
introducing further friction into digital workflows rather
than resclving it.

As stated by the former Founding Engineer of o
construction workflows company in our  interview,
meambers of the construction wvalug chain constantly
revisit  ond  recolculote the  some  walies  and
measurements in order to avoid lickilities. There iz a lack
of trust between the involved parties, where each party
recssesses doto received from other parties leg. o
Building Information Model file) in order to make sure that
their execution is based on accurate data (Construction
Lecdership Council, 2022). The lack of trust stems from
avoiding the risk of potential lickiities: the party which
incarrectly executes faces the liability, rather than the
party which provided the incorrect data,

This technological disconnect fosters a culture of distrust
and defensive redundancy, A formear Founding Engineer
of a construction workflows comparny noted that value
chain members constanthy "revisit and recalculate” the
some measurements to mitigate risk. This lack of trust
compels parties to re-assess data received from others,
such os BIM O files, to ensure execution acourcy
(Construction Leadership Council, 2022). The defensive
posture stems from ligkility concemns: the party thot
axecutes the eror typically faces the penalty, regardless
of whether the source datd was incorect,

Conseguantly, independant workflows undarming "Single
Source of Truth® (S50T) solutions like Oracle's Acones.
Their effectiveness is compromised when stokeholders
cling to isolated systemns, refusing to input data into
shared platforms.

Furthermore, the Heod of IT at an  infrostructure
construction company emphasized that the industry's
lack of data standardization forces teams to perform
odditional rework just to obtain relevant information,
parpetuating a cycle of administrative waste.

Due to such siloing of data already in nen-autonomous
workflows, putting in autonomous systems does not
improve much dus to further discretizotion. 5o the
pricrities lie in setting up a system which empowers
lossless workflows which con prove very beneficial for
autonomous systermns as dota can be accessed hetter to
troiin these systems. But this is a very complax task which
requires access to the rmost popular  project
rmanagement software providers and as these software
providers are  large  institutions, we decided this
painpoint was too large to sclve and it is morne
worthwhile to first solve o smaller obstacle and
understand the market.
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Labour Crisis: Aging Workforce,
Hardware Cost Barrier

N As the average 50-year-old workforce retires, the labor crisis is set to peak in 10-15 years.
N Niche construction robots remain too expensive for tight industry margins.

N Hardware viability requires mass preduction and cost reduction.




Labour Crisis: Aging Workforce, Hardware Cost Barrier

Lobor shortages are dlready prevalent  within the
construction  industry, and are highlighted oz o
significant  reason for  stunted  labor productivity
Howsver, the peok of this issue is lkely not fully evident
yet, and will become axtramely prevalent in 10-15 years.

As  fewer younger people enter the construction
workforce, a surge in lakor leaving the workforce in 10-15
vears due to retirement (the average age of the labaor
force was identified to be 50 vears old, as per research
by the USP Marketing Consultancy, while the average
retirerment age in Europe is in betwean 40-45 years). An
additional problem which might arise with the surge in
retirement after 10-15 vears is the lack of skilled labor.
There is already an impactful shortoge of skilled labor,
and the upcoming decrease in skilled lobor {oz the
experienced workforce exits, and the inexperienced
yoaunger workforce does not possess the same skillset) is
also a significant pain point the industry will soon foce,

The potential for hardware based solutions to fill in this
gop of o labor shortage is prevalent, especially as the
construction market is projected to grow with 4.7% CAGR
betwaen 2025-2034 (Ressarch and Markets, 2025)
According to a postdoctoral researcher in robotics, such
hardware sclutions are ready and developed enough for
industry use, However the finoncial feosibility of these
sorts of solutions is not certain,

Hardware  solutions are  still expensive,  making
investments into such solutions extremely tough for
construction companies, due to the tight rmargins seen
across the industry. Additionally, the CEOD of a mobile
robotics company pointed out that for each function,’
tosk, a specific rolot is needed, hence a low volume of
aach type of robaot is required on the construction site. A
lock of mass production of cerain robots in the
construction industry might moke it uneconomical for
construction companies to be pioneers in the adoption
of hardware based solutions,

An example of hardwara solutions which has actually
been adoptad in construction is drones. As identified by
a former Founding Engineer of a defense technology
comparny, drones hove been rapidly tested and
reiterated becouse they have been directly tested in
conflict (Ukraine). This rapid development combined with
a demand for mass production has caused the drones to
became much cheaper (from €10000 to €100 per unit,
according to the CEC of a mobile mbotics company)
and eccnomically viable for construction companies to
adaopt. It 5 also impartant to note that drones are multi-
use, hence their applications are also relevant in other
industries. Hence, hardware solutions might reach
construction as the last industry, after moss production
and development ocours in adjocent industries,

The current sclution—hardware  automation—remains
econgrmically unviable for most construction firms. High
unit costs, tight margins, and the need for task-specific
rabats prevent widespread adoption without the moss
production  scale  seen in dione  technology
Consequently, we determined that waiting for hardware
costs to drop through external market forces is necessary
before this becomes o sclvable pain point for a
software-focused stortup. Therefore, we decided to
bwpass this hardware-dependent challenae in favor of
immediate, high-impact software ineficiencies.

Sk

Surge in
Retirement

Costly
Hardware
Solutions

illed Labour
Shortage
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Cybersecurity & Verification

N Construction cybersecurity is better served by generalist incumbents because
the core vulnerabilities are standard IT failures rather than sector-specific issues.

A Increasing EU certification requirements are creating a liability-driven cycle
where the industry risks paralysis from constantly re-verifying untrusted data.

N The verification layer, where assessors possess real-world data advantages
that compliance generation tools cannot replicate.




Cybersecurity & Verification

The construction cybersecurity market presents o clear
opportunity, with strong regulatory talwinds from early
2087 and a sector  thaot  remains  structurally
underprotected. However, the core problem is not
construction-specific. The wvulnerabilities are general IT
security failures loutdated systems, default credentials,
unpatched firmware) applied 1o o construction context,
and the sclutions are genaral.

Established cybersecurity firms such as CrowdStrike, Palo
Alto Metworks, and Fortinet are better positioned to
serve this market thon a construction-focused startup,
because the underlying Technical challenge is endpoint
and network security rather than domain expertise in
the built emdronment. A startup entering this space
would compete on cybersecurity copobility ogoinst
incumbents with decades of RED, rather than leveroging
construction-specific insight as a defensible advantoge.
We therefore decided not to pursue this opportunity.,

Another opportunity lies in the verification layer. The EU's
expanding certification reguirements are intensifying o
iobility-driven  cycle where every  stokehclder
independently re-verifies data they do not trust. Even
before the revised CPR, Machinery Regulation, dnd
Cyber Resilience Act toke full effect, the Eurcpean
Commission acknowledged that assessment workloods
hod progressively increased to the point where the
system may even risk paralysing itself (European
Cormmission, 2022).

The existing compliance tooling ecosystem targets just
one side of this problem. Tools like OneClickLCA and
complionce  automation  platforms help  componies
genarate the documentation required for certification,
yet the Commissions own cssessment suggests the
verification side has not been equipped to keep pace.

The dota odvantoge sits on the verifier side: notified
bodies, assessors, and building contral inspectars see
what real-world values actually look like across prajects,
not what vendors claim they should be. Building on that
data creates o defensible position that s difficult to
replicate from the compliance generation side. We
therefore identified this as o promising market gap.

General IT
Failures

Vulnerabilities
in Construction

Platforms

Verifier

Certifier

Verification Loop
Opportunity

Cybersecurity
Concerns
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The Schedule Gap: Scope Creep,
Delays and Cost Overruns

N A $50M project loses roughly $45,000-$50,000 for every single day of delay.
N Contractors often accept unfeasible additional work within fixed timelines

N "As-built" schedules essentially always diverge from the original plan



The Schedule Gap: Scope Creep, Delays and Cost Overruns

Construction project schedules have two commonly
associated terms: as-planned (the originally plonned
project schedule and budget] and as-built [actual
schedule and budget of the praject). In most (essentially
alll cases, the os-built schedule always deviates from
the as-planned schedule e o delay cccurs), as per a
Founding Engineer of a construction workflows company.

A significant catalyst for cost overruns on construction
projects comes as o esult of project deloys, Az an
estimated benchmark, the daily delay burn rate of a
$50M project is $45000-350,000 per day (Deltek, nd.).
For o larger project such as the London Crossiail (worth
E18.88), the daily burn rate wos £32M par day (Boscia,
2019). These costs can be distributed into three factors:
apportunity cost (lost revenuse due to project delays),
fized overhead costs (salaries, site  trailers), and
equipment (rental costs).

According to o construction Delay Analyst expert, o key
couse for delays is referred to 0s scope creep. The aowner
might gsk @ contractor To squeeze in extra work within
the same timeline or budget (Ashton, 2025). Despite the
contractor potentially knowing that the work within the
timaline and/or budget requirements is not feasible, they
might accept it anyway in order to allow the project to
continue to make sure that they do not lose the project
Contract, and hence revenue.

Additional couses for delays and cost overuns are linked
to slower labor productivity, for the reascons defined in
that section. Poor communication betweean stokeholders
and o lock of skiled lobor are inevitable couses for
delays. ©n top of that, the heterogencus nature of the
industry also contributes to unforeseen delays, whether
that be due 1o force majeure or design rewarking due to
conditions only spontanecusly identified on site.

Attempting 1o solve “delays” os a whole reguires
contrelling too many independent variakbles. A singular
solution cannot easily mitigate risks that stem from such
deep-sedtad industry hckits and axterndl
unpredictability. Consequently, we determined thot
delays are g symptom of broader inefficiencies rather
than o standalone problem we can fix with o specific
tocl. Therefore, we decided thot tockling this issue
directly is too broad in scope, and it is more strategic to
target a spacific, controllable root cause that feeds into
these deloys.

Extra Expenses

Lost Revenue

Delays
(Scope creep)

Higher Costs
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= N\ CertifylQ is an Al based software platform designed to
e I address two pain points of construction certifiers

Al Verification Workbench for
Construction Compliance

Exploration

Discrepancies between approved project plans, and the actual
project specifications

Discrepancies between everchanging EU regulations and
project specifications in the planning and construction phases.
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/1PROBLEM

No stakeholder in a construction project wants to approve
another party's measurements when they then become liable for
the result. This is why independent third-party verifiers (notified
bodies, building control inspectors, BREEAM assessors) exist: they
carry the liability of signing off, so everyone else can move
forward. They are not going anywhere. Every new EU regulation,
every additional certification requirement, every Digital Product
Passport mandate generates more work for the same institutional
base of verifiers.

For example, if certifiers approve the CAD file which consists of
the planned design of the construction project, and then multiple
stakeholders send BIM models of the project as the construction
phase progresses, CertifylQ is able to highlight the discrepancies
between the CAD file, the BIM files, and the EU regulations to
eliminate certifiers manual labor.

But the ftooling has not followed. Academic research on
automated compliance checking in construction has found,
"...currently no unifying standards or integrating technology to tie
regulatory efforts together to enable the widespread adoption of
automated compliance processes. This has left many current
technical approaches, while advanced and robust, isclated”
(Beach et al., 2024). The compliance software that does exist,
namely tools like OneClickLCA, Ecochain, and Autodesk’s
compliance features, is built for the parties generating
documentation, not for the parties formally verifying it. As
previously outlined in Section 2, the European Commission has
acknowledged that the current assessment system s
approaching capacity constraints even before the revised CPR
fully phases in (European Commission, 2022). Additionally, up to
30% of initial project data is lost by closeout (Autodesk, 2025),
compounding the problem for verifiers who depend on that data
being complete and consistent.




Z/1SOLUTION

CertifylQ is an Al-powered verification workbench built for the
regulator side of EU construction compliance. While competing
solutions from providers like Autodesk target architects, engineers,
and contractors, their adoption by independent certifiers creates
conflicts of interest. CertifylQ is positioned on the certifier side,
which cwvoids this conflict and, over time, builds a dataset
grounded in verified third-party assessments rather than
potentially biased manufacturer self-reports.

CertifylQ starts with BIM-based plan-to-actual verification,
where adoption is highest and the recalculation problem is most
acute, then graduates into the regulatory document layer as the
revised CPR phases in through 2032

Phase 1: Accelerate Verification for Independent Assessors.

A certifier uploads the approved project plan (CAD/BIM) as the
assessment  baseline. As stakeholders submit  files during
construction, CertifylQ cross-references each submission against
the baseling, flagging deviations by severity so certifiers focus on
anomalies rather than reading every document manually. This
produces an audit-ready report documenting all flagged
discrepancies and the certifier's decisions. In comparable
compliance domains, Al-assisted document review has reduced
manual analysis time by 30-40% (McKinsey, 2024). For capacity-
constrained notified bodies absorbing an expanding CPR scope,
this directly translates to more assessments per auditor.

Phase 2: Simultaneously Build the Data Flywheel.

Phase 1 serves an underserved market, but strategically gives
CertifylQ access to verified, third-party data. Each assessment
processed feeds back into the platform, building statistical
baselines for what unbiased, real-world values actually look like
across product families and gecgraphies. Because this data
comes from independent certifiers rather than manufacturers, it is
not skewed by vendor incentives. The more assessments
processed, the harder the baselines are to replicate from the
compliance generation side.

Phase 3: Become the Industry Credit Score.

At scale, CertifylQ's dataset opens revenue streams beyond the
verification workflow itself. Since the baselines are built from
independent third-party assessments rather than self-reported
data, they carry inherent credibility. Manufacturers preparing
submissions could pre-screen against aggregate benchmarks to
reduce rejection risk. Insurers could reference verified norms when
pricing liability exposure. Public procurement bodies could
evaluate claims against real performance distributions rather
than vendor declarations. None of these applications require
CertifylQ to move into the compliance generation side or
compete with AEC platforms. The product becomes shared
industry infrastructure that all sides of the transaction reference.
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3. Industry Benchmark

Construction teams pre-check BIM data against
verified ranges before submitting to certifiers;
Catching issues early, avoiding time-consuming
rejection cycles and costly project delays.

2. Credible Data Flywheel

Each certifier assessment builds CertifylQ's
CredibilityScore: A baseline of trusted ranges
derived from independent third-party approvals,
not self-reported data.

1. Faster Certifier Assessments

Al flags deviations against approved baselines so
certifiers spend less time looking for anomalies, and
more time addressing them.




CertifylQ Business Model

Trends

Low fixed commitment reduces
switching friction for cyclical
workloads.

Saa$s
Subscription

=
[}
=
=
]
[a
=
L

Fee Per
Assessment

Revenue grows naturally as
regulatory scope expands

through 2032.
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Total Addressable Market

The European market for Testing, Inspection and Certification (TIC) is valued
at $66.61B in 2025, with an estimated CAGR of 4% between 2026-2031 (Mordor
Intelligence, 2025). The Building and Construction market is valued at $995B,
with estimated projects for growth with a CAGR of 6.4% until 2028 - equating
to the valuation of $11.3B (Data, 2021).

Serviceable Addressable Market

Civil engineering and non-residential projects made up 53.4% of construction
projects in 2024 ($5.3B) (FIEC, 2025). It is these larger scale and complex
projects which currently lead the digital transition of the industry. This leads
to our serviceable market being valued at $5.3B. Approximately 53% of
construction projects utilize BIM models, hence our serviceable addressable
market is $2.8B (360 Research Reports, 2026).

It is also important to note that renovations (making up 27% of total
construction activities in 2024) of bigger projects under new mandates
provides another valuable use case of CertifylQ@, which will be a factor of
arowth of our SAM as digital adoption increases throughout the industry.

Serviceable Obtainable Market

Because construction is generally o slow moving industry, and the legal
industry is rather risk averse, 3% market share is assumed (within the next
three years). This is because the timing for this solution is right, as upcoming
EU mandates require digital compliance, hence adoption of CertifylQ on the
legal side has potential over the coming three years, especially in the DACH
region and the UK. This makes our serviceable obtainable market to $84M by
2029,

TAM $9.95B

EU Construction TIC Market

SAM $2.80B

BIM-Enabled Projects (53%)

SOM $84.00M

DACH & UK, 3% by 2029
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/1Conclusions
/1 Demographic Pressure

m

Waste Management
Labor shortoges intensified post-COVID due to cross-

border workforce disruption [Andnescu, 2020; Buxandra,
20201,

A Key Differences

Waste Management

A Al improving throughput and 24,7 consistency.

> Reploces manual work.

Elderly Care

Rapid population aging 60+ share doubling 12% - 22%
by 2050) and worsening old-oge dependency ratio
increase core demand while workforce shrinks [WHO,
2024; Eurostat, 2025). Dementia prevolence projected to
double every 20 vears, reaching 139 millien by 2050
[Alzheimers Disease International, 2020)

Elderly Care

N Productivity gains possible via Al (Sitra 2024,

A Replaces "mata-work”™ and logistics;
complements emotional labor.

Construction

Aging workforce, 32% aged 50-84 in 2021 (CEDEFOR,
2023), Significant skilled labor shortages reported across
Eurape (Construction Blusgrint, 2021,

Construction

N -0.5% annual productivity (Eurostat 2025).

N Augments inspaction & heavy machinery



/1Conclusions
/1CapEx Requirements

Waste Management Elderly Care Construction

High LiIDAR and sensor costs limit adoption in low-margin High entry costs and regulatory bamriers delay scaling Al sorting systems reguire  $500,000-several  million
industry (Opteran, 2025, fram pilot to deployment (MDR, Al Act), Consumer entry upfront investment; ROl difficult due to long renavation
barrier due to  price-to-value  ratio (Grand  View cyeles (Former CEC, Jan 26, 2024).
Research; EU MOR context).

71 VC Funding

op Partners) Waste Management

Elderly Care

$6.18 in 2025 (ConTech) Construction

n2



/1Conclusions
/1 Progression of Autonomy

n3

Waste Management

Al-powered robotics are already deployed at scale in
sorting facilities (AMP Robaotics: ZenRobotics), operating
24/7 with measurable throughput and accuracy gains
iKrizhevsky at al., 20012; Redmaon et al, 2014; ZenRolotics,
2025}, Chemical ond direct recycling technologies are
scaling but remain capital intensive and  technically
sensitive (Grand View Research, 2024; Harper et al,, 2019,

A Key Differences

Waste Management

3 Al sorting already industnal-scale

N Heawy hordware  dependency  (LIDAR  $3,500-

$50,000+; Optaran, 2025},

Elderly Care

Technological readiness is strongest in documentation
automation (voice-to-text, MNLP), |logistics (transport
robots operating in back-of-house environments without
direct patient or customer interoction) ond Social
robotics.

Elderly Care

3 Mixed maturity = documentation ready; social
robaotics scaling; medical Al highly regulated.

3 Significant opportunity  in low=physical-
complexity domaing [social presence), logistics
clear pain point due highly varable environments

Construction

AV-based inspection 13 validoted and in operational
use  [Madina,  2025), while ground/subteransan
dutanarmy remaing constrained by tarrain variability and
GHSS-denied environments (Feng et al, 2025 Zhang et
al., 2023). BIM integration and SLAM are enabling
gregter  data-driven coordination  {Autodesk, 2023
Hsieh et al., 2023},

Construction

N Strong  In inspection  (UAV), weaker in full
autanamy dus ta terrain, cost, fragmentation,

A Heawy hardware dependency
(LIDAR $3,500-$50,000+; Opteran, 2025},



1Conclusions
/1Regulations

Waste Management
EU Regulatory Tightening: C5RD, landfll directives.

Compliance Increasing Operational Casts:
CERD auditakility

Regulatary  Severity:  Environmental
raporting-heavy but not high-risk Al

compliance;

Elderly Care
EU Regulatory Tightening: Al Act (high-risk), EHDS.

Compliance Incraasing Operational Costs:
MDA & Al Act clossification

Regulatory Severity: High-risk Al classification; medizal
device barmers ([Eurcpean Commission, 2024a).

Construction

EU Regulatery Tightening: CO; reporting reguirements,
Green Deal alignment.

Compliance Increasing Operational Costs:

Mandatory COp  monitoring  (Founding Engineer
interviaw].
Regulatory Severity: Regulotory  burden  mainly

ervironmental & reporting-based,

T4
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