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Department
for Transport

Foreword

The transport sector faces significant challenge and opportunities as it transforms its vehicles, fuels and
systems. The impetus provided by the net zero 2050 target, combined with the rapid dewelopments in
technologies, provides a ripe setting for the transport innovation ecosystem. The formation of the Department
of Science, Innovation and Technology in early 2022 highlighted the importance of innovation to delivering the
wider goals of the UK. In DfT, the Transport Research and Innovation Grants (TRIG) provide a key mechanism
to seed the transport innovation ecosystem with new ideas and new leaders, support economic prosperity and
further the development of the transport system. The TRIG programme provides many small grants to
innovators to address the challenges and respond to the opportunities of our transport system today. The use
of a large scale programme enables us to support a broad portfolio of projects and help innovators take
sensible risks — ones which they could not afford to take on their own. This is an important role for Government
and ensures that we have a healthy pipeline of new solutions.

2022’s TRIG Competition is the largest DfT has funded and now takes TRIG past 350 grants offered since
2014. It has been my great pleasure to see this programme grow, to get a chance to meet some of the exciting
innovators who TRIG supports and to see how they are working to bring beneficial novel technology ideas to
life. This competition has encompassed projects across the whole breadth of the technology and application
spectra in transport and projects were delivered by innovators from across the whole United Kingdom: from
Dewn to Dundee; from Bournemouth to Birkenhead; and from Salisbury to Sunderland. This cohort also
enjoys great levels of diversity, with growing numbers of under-represented groups represented amongst our
innovation teams.

At a recent Innovation Panel event hosted by our colleagues at the Connected Places Catapult, | was delighted
to present the TRIG Chief Scientific Adviser Awards to some inspirational projects from the TRIG 2022 cohort
and would like to again to highlight these inspirational teams: DBR & Associates; Lancaster University; TaiSan
Motors; VESOS Solutions; and Edge Innovation. | am very much looking forward to seeing how each of these
67 projects grow and mature over the coming months and am delighted to see TRIG continuing to forge ahead
as a flagship support mechanism within the transport ecosystem for SMEs and University teams.

Congratulations again to all of our 2022 projects! | look forward to seeing your teams and your projects flourish Professor Sarah Sharples
and deliver vibrant innovation in all parts of the transport system. Chief Scientific Adviser at Departmentfor Transport
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CCI AssetScan

CC Informatics Ltd

AssetScan™ is an existing Al technology, developed by CCl, that can be used to
automaticallylocate and track defects in large image databases taken from large
infrastructure.

AssetScan™ has alreadybeen trained to handle dressed masonryfor dams and
reservoirs applications, and concrete for the Nuclear sector. The purpose ofthe
TRIG grantis to demonstrate the feasibilityfor application on transportinfrastructure
- in particular, aging brickwork structures.

Project Achievements

e The further developmentofa survey vehicle to
collecthigh resolution surveydata in tunnels.

* The production of detailed 3D models ofassets
using photographic data collected.

* The processing of photographic data using Al to
identifyissues in brickwork.

* Updated algorithm to displayphotographic data
and Al results on 2D engineering drawings.

Next Steps and Future Measures of Success

Next Steps

* CClwillseekearly adopters in the transportsector.

« Splitfunded commercial projects and additional grantfunding for development.
» Further data science and productdevelopmenttowards TRL6.

» Developmentofoutputs towards a BIM environment.

Open Call

Conclusions

The projectdemonstrates conclusivelythat AssetScan™ can
be usedinthe context of transportinfrastructure, particularly
assets where the structural fabricis brickwork. AssetScan™
could therefore be used in combination with assetowner data
collection programmes to automaticallyhighlightdefects and
bring these to the attention of engineers quickly. With the
demonstrated orthorectification techniques, this could be
undertaken on a regular basis and used for automated change
detection.

Future Measures of Success

» Additional data introduced into training datasets with manual labels.
* \alidation on a project-by-projectbasis increasing to 95% accuracy.
* Commercial growth of CCl including procurement of additional staff.
» Acquisition of new commercial clients in the transportsector
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Esitu Solutions

Project Summary

The projectaddressed the issue ofroad safety for ambulance drivers who face
heightened risks during blue-lightdriving. The introduction of Section 19 presents an
avenue for specialised training, requiring thatcurrentambulance drivers complete 8
hours of refresher training every five years, offering the flexibility of online or
classroomlearning. However, emergencyservices encounter resource limitations,
potentiallyconstraining their abilityto develop comprehensive training programs.
Over 30 hours of footage were captured from ambulances on blue-lightruns around
the EastMidlands. From the footage we created novel and engaging hazard
assessmentclips and initial training videos. The assessmentmaterials were tested
on ambulance drivers. Itreceived positive driver feedback, though future iterations
of the test are required.

Project Achievements

* The projectinwlved an intensive filming schedule where we filmed over 30 hours of
footage from an ambulance on blue-lightruns acrossthe EastMidlands.

* The resultantfootage was synchronised and edited into edited into a bespoke graphic
overlay of a Fiat Ducatto.

* The footage was then reviewed by our team of Traffic and TransportPsychologiststo
identify the mostsuitable footage.

« Afocus group of 9 experienced EMAS ambulance drivers then reviewed the footage.
This guided the editing and selection ofthe final 25 clips.

*  We evaluated the assessmentusing 25 novice and 13 experienced ambulance drivers.

* We alsocreated a series ofshorttraining videos. EMAS’ head driver trainer provided
an expert commentaryfor each video and key points ofinterestwere highlighted to
improve driver awareness ofthe vital clues when watching the videos.

Next Steps and Future Measures of Success

Open Call
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Conclusions

Overall, the projectreceived positive engagementand favourable feedback
from EMAS and their drivers. From the data, we identified key characteristics
of effective hazard assessmentclips thatcan differentiate safe from less-safe
ambulance drivers and produced initial training videos. The less successful
clips offered valuable insights forimprovement, especiallyregarding cut-
points and driver options. Itis, however, apparentthat further iterations are
needed to fine-tune the contentbefore it can be deployed for commercial
ambulance driver assessments.

* The encouraging feedback from EMAS and our strong collaborative partnership with them provides justification to preserve with further developmentofthe materials.

+ Togetherwith EMAS, weintendto submita proposal for the Road Safety Trust's open call, which has a maximum funding limitof£500k.

» Asuccessful grantwould enable us to take our next steps towards further development. This includes creating additional clip s, developing new video-based assessments
beyond hazard prediction, and conducting furtheriterations ofthe edit-test-editcycle involving a larger cohort of drivers. Grant success is never guaranteed and so we will

also work with clients who are willing assistus in the evolution of our products.

* The TRIG programme has allowed us as a companyto strengthen our relationship with EMAS, making future collaborations with them possible.



FORZUNA

Forzuna

Project Summary

Our project aim is to bring a new formatof personal-mobilityto market, one that is
designed from a ‘safety-to-others’ perspective, ratherthan the myopic ‘transporta person’
methodology. We re-imagined the agile, compact ‘Segway’ style of two-wheeled self-
balancing format, creating a new, seated version that is actually safe and feasible to use.

We're developing a Dynamic Stability Control system which combines sensorfeedback
from suspension-loading and 6-axis accelerometerto enable inexperienced, infirm, or low-
skilled/exuberantusersto ride within safe limits.

Attenuating speed and direction-change of vehicle-dynamics, while riding in a busy, public
space, keeping to socially-accepted norms.

Project Achievements

Project focus

We focused on constructing a very light, but rigid suspension systemthatholds two
precise magnetic sensors thatmonitor the relative positions ofthe left and right
suspension arms. This required high tolerances, to not allow any torsional flex, keeping the
sensor-readings smooth enough to interpretat a high bitrate/frequency.

Main achievements

We designed a suspension axle/bearing/arm and sensor-mountassemblywhich required
minimal custom-engineered parts. This came-in on-budgetand schedule, despite having a
large number of small precision-machined parts from several differentsuppliers.
Highlights

The assemblyfitted-together perfectly, and is extremely stable/smooth to operate (easyto
dismantle/reassemble with differentstiffness of suspension/damping). The electronics -
engineering was bench-tested while the machining/fabrication work was managed, this
test-work translated easilyto the finished components.

Next Steps and Future Measures of Success

Open Call

Conclusions

This is the second grant-funded module of our vehicle project, we're happy to
saythat the team’s experience in project-management, and the
professionalism of our subcontractors are working very well so-far.

The outputs show the Dynamic-Stability-Control is a viable addition to this
convenientvehicle’s feature-set, making, whatwas a very unpredictably
behaved (Segway) motion-algorithm, into something which can be

rolled-outto wide consumer-market.

There is stillwork to be done, tuning the DSC to the traction and torque
delivery of the hub-motors, we hope to make ‘safety level’ a preference-
adjustable feature for the riderto adjustto suittheir requirements.

The TRIG programme module has beenanimmense benefitto the vehicle project. The stabilityand safety of the self-balance platform was the onlything keeping itfrom being the
huge commercial success, and benéefitto zero-emissions travel, thatthe original investorsin SegwayInc, hoped itwould be. We’re now able to add a new level of Accessibilityto this

agile transport-format, while keeping itaffordable.

We're still trying for a Smart-Grantto fund the ultra-efficientnew motors, thatwould enablethis vehicle and its cargo-carrying variant, to be used in manymore industry-sectors. We
hope thatthe UKRI‘Design Foundations’ grantwill enable us to publiclytestthe vehicle with a wider audience (while protecting the IP bestaswe can), to prove its Mk1 prototype’s
initial popularitytranslates to manyother demographics and use-cases. The multi-EBn FarEast, last-mile-deliverymarketneeds to be exploited while we have 1st-to-marketadvantage.
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General Noise Ltd

Project Summary

Loud vehicles are harmful,illegal and annoying — but tough to prosecute.

This projectsuccessfullydeveloped a radar-based system for vehicle noise
measurement, achieving 2dB accuracy compared to traditional microphones.
A key advantage is its ability to attribute noise to specific vehicles, removing
the ambiguityoften found in microphone-based methods.

Future steps include radar upgrades and regulatoryframework
establishment. The technologyshows greatpromise for accurate, cost
effective, and unambiguous noise enforcement, potentiallyrevolutionizing
vehicle noise managementglobally.

Project Achievements

General Noise Ltd's radar-based noise detection system offers robustlegal validity by
directly attributing noise to individual vehicles. Developed in collaboration with radar
manufacturer Anteral, the prototype is not only cost-effective—with componentcost
<£700 —but also portable, weighing just 700g and operable viaiPad. Unlike
expensive, complexmicrophone arrays thatprovide probabilistic targeting, this radar
system offers precise targeting. The projectalso discovered optimal radar frequencies
to avoid interference from extraneous vehicle radars

Next Steps and Future Measures of Success

Can a microphone pinpoint the noisiest car?

YES MAYBE...

NO! But radar could

Conclusions

Radar promisesalegallysound and widelydeployable method for enforcing noise
regulations, especiallyagainstmodified cars and motorcycles. Our project
successfullydemonstrated a proof-of-conceptnoise radar for enforcing vehicle noise
limits. Developed in collaboration with Anteral, the radar overcame key technical
challenges and validated its capabilitiesin a real-world setting, advancing its
technologyreadiness level. Aithough the prototype has some limitations, like restricted
sampling rates and power output, it showed promise in overcoming drawbacks of
existing noise cameras. The projectidentified next steps, such as improving radar
power and integrating ANPR. We emphasise the broader societal benefits ofnoise
reduction for public health and quality of life.

The project's next steps forcommercialization involve securing policyclarification from the DfT and obtaining grantfunding for further live trials, particularly
for developing a higher-power 60 GHz radar. Collaboration with ANPR or speed camera manufacturersis also crucial for technology integration. While there
are provisional interests from manufacturers, formal collaborations await policyclarity. Being part of the TRIG programme has been a boon, providing
essential de-risking and converting what started as a garage projectinto a technology with global potential.



GKN AEROSPACE

GKN Aerospace

Project Summary

Advanced Air Mobility presents an opportunityto revolutionise public transportation,
offering significanttravel-time savings with improved connectivity through a new
mode of affordable, accessible and sustainable transportation.

This projectexplored the potential of scaling AAM services inthe UK based onthe
GKN Aerospace Skybus concept,a 30 seateVTOL aircraft, especiallyfor airport
shuttle routes in majorurban areas.

Project Achievements

GKN Aerospace collaborated with the Departmentfor Transport, Connected Places
Catapult, Frazer-Nash Consultancy, Pascall+Watson and urban-Air Portto carry out
operational analyses on airportshuttle routes in the UK using Manchester airportas
a usecase.

Time savings ofup to 50 minutes compared to driving for trips from around
Manchester and surrounding areas such as Preston, Blackburn and Huddersfield to
Manchester Airport were demonstrated at £30 Skybus ticket prices.

Next Steps and Future Measures of Success

Air taxis and Skybus could share the skies in the future, providing significantsocioeconomic benefits to the UK through time savings, improved co nnectivity and reduced congestion

on surface transportmodes.
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Conclusions

The projectconcluded that significantopportunities existed for reduced travel times
on airportshuttle routes in the UK through the introduction of largeeVTOL based
AAM services. These services would benefitthousands of passengers ateach
major airportannuallythrough a new sustainable and scalable transportsystem.

Collaboration between technologydevelopers, transportauthorities, airport operators, local councils and airlines is recommended to overcome operational and infrastructure

barriers to initial AAM operations in the UK.

Open Call
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Greenway Innovations

Project Summary

The SmarTrax projectaim was to further develop and validate a
cost-effective, autonomously monitored rail slab for lightrail
vehicles, ensuring reliability, efficient maintenance and
increased safety.

To achieve this goal,a combination offinite elementanalysis
and design refinementwas employed. This comprehensive
approach was instrumental in shaping the slab's designto a
stage where it could be molded, installed, and tested.

Project Achievements Conclusions

The projectsuccessfullycompleted and outputa commerciallyviable slab that is ready The projectstands as aresounding success, holdingimmense value in advancing
for use with very lightrail vehicles. A collaboration with ARLI at Birmingham University the system's developmentand establishing its technical and commercial viabilityas a
enabled further critiquing of the design using finite elementanalysis. This further real-world solution. The comprehensive design development, meticulous FEA & FEM
optimised the design reducing the volume of materials required along with the analyses, and the impending prototype manufacturing phase have collectively
complexity of componentryenabling the slab to have even greater sustainability provided conclusive evidence that the solution notonly works but also carries the
credentials. potential for the transformative impactenvisioned atits inception.

Next Steps and Future Measures of Success

In the next phase, further testing on the physical slabs once theyare installed will be carried out, with the aim of further validating their performance under real-world loads from
the R-VLR rail vehicle, and the Freight Skate maintenance bogie. Furthermore, we are setto commence the implementation ofthe Railsense system, which will autonomously
detect rail vehicles, identify failures, and detectany changes to the rail line, such as subsidence, trespassing, or theft. By integrating the SmarTrax system with Railsense, we
anticipate a significantenhancementin rail line safety, proactive and predictive maintenance practices, as opposed to the reactive approach currentlyin use.
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Rail Power

RailPower

Project Summary

This projectaimed to design, build, and testa prototype vibration energy harvesting
platform suitable for railwayenvironments, which maybe used to power lloT wireless
sensor networks withoutany requirementfor batteries. The functional requirements of
the productwere attachable to rail web — the vertical face of railway tracks,
weatherproofand provide sufficientenergy harvesting capacity to power wireless lloT
sensors. Non-functional requirements are lower OPEX costat scale than batteries,
proven at TRL 4, a value proposition ofthe productis based on the following example
sensor use-cases such as identifylocations prone to rail buckling (temperature
measurement) and detectloose track clips, points fixings, and rail crack propagation
(high frequency vibration).

Project Achievements

This projectdemonstrated the feasibility of harvesting otherwise wasted vibration
energy from railway tracks each time a train passes over them. A prototype device
capable of intermittentlypowering an lloT wireless sensor node was provento TRL 4
in a laboratorysetting using calibrated measurementequipmentunder the guidance
of an academic specialising in piezoelectric device fabrication and applications.

When widelydeployed to power a fleet of lloT devices such as surface temperature
sensors, vibrometers, and reflectometers, the Railpower productwill unlock the next
generation of Al based predictive maintenance for the railway industry. It is
anticipated that the era of disruptionsto passenger journeys caused byphenomena
such as rail buckling, low adhesion, and cyclic top will largely become a footnote in
history as real-time data visibilityis created for thousands of miles oftrack, enabling
these conditions to be identified and rectified long before they develop.

Next Steps and Future Measures of Success
The next steps inthe commercialisation ofthis productare:

Open Call

Conclusions

This projectdemonstrated the feasibility of harvesting otherwise wasted vibration
energy from railway tracks each time a train passes overthem. A prototype device
capable of intermittentlypowering an lloT wireless sensor node was provento TRL 4
in a laboratorysetting using calibrated measurementequipmentunder the guidance
of an academic specialising in piezoelectric device fabrication and applications.

The delivery team included a subjectdomain expertconsultantin rail engineering, a
mechanical engineering academic, a PhD studentin electronics,and aresearch
associate with industrial experience in lloT deployments. Theyare now ready to
establish a marketforthe product, attract investment, and continue development
towards TRL 9.

* Runa pilottestat a depotlocation or rail proving ground with a single prototype device to prove on-site operation
» Partner with sensorvendors to develop an ecosystem ofrail-specific sensor solutions supported bythe Railpower device

» Enhance ourembryonicrelationship with Canada Rail
* Runawide area pilottrial with Network Rail as a partner

+ Attract grant and/or VC funding to continue productdevelopmentand testing outto TRL 9
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Helping everyone fly!

Ostrum Tech Limited

Project Summary

Ostrum is a digital platform for managing airportspecial assistance. It is currently
deployed at two London airports. The platform helps the special assistance providerto
assistpassengersand to bring all parties — passengers, cabin crew, agents on the
ground, control room etc together using technology.

This projectwas to do the R&D for enabling indoor/outdoor geolocation on the platform,
sothat special assistance provider can locate the agentto allocate jobs more efficiently
and also enable passengerto see agent’s location.

Project Achievements

Our main challenge was to find a costeffective geolocation tech which will work indoor
and outdoor. During the project, we studied the technical compatibility of various
map/geolocation SDKs with our platform. We evaluated Mapbox, PointrLabs and
Google. We integrated Google map, Streetview and geolocation to our platform to
demonstrate the capabilityand to validate the conceptwith special assistance provider
and passenger representative.

The highlightofthe project was the demo of this capabilityto a London airport, which
contributed to securing the deal to deploy our special assistance platform there in
August 2023.

Next Steps and Future Measures of Success

Conclusions

ID17393 Geolocation for improving passenger experience & operational efficiency
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Assistance
Agent

Passengerrep confirmed that showing geolocation of agents will definitelyreduce
anxiety and provide reassurance for passengers.

Based onthe evaluation of various SDKs, we found that Google maps and SDK to
be the mostcompatible with our platform.

This tech will enable special assistance providers with better situational awareness,
find nearestagentfor tasks and for auditing agent’s activities. Another learning point
is that this feature will become a selling pointfor our special assistance platform,

whenwe try to sellitto future customers.

During this project, we have taken the geolocationideafrom TRL2 to TRL6. The next steps are:

1. Integrate the solution to production environmentand deployit for future use by our customers (two London airports)

2. Offer this as an optional commercial service on top of our special assistance platform and see the level of interest.

We are likely to seek funding extending this idea with augmented realityway finding or step free navigation, in the future.
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Passenger

Passenger Technology Group Ltd. g - 7

Project Summary

The Safe Walking Routes projectseeks to improve journeyplanning information oo . 0546 - 1216 2 Momina
available to wilnerable travellers. The projectbuilds on a technical feasibilitystudy A SR ¢ ’. R '
by Passenger. The research seeks to understand the expectations ofusers, and to REEE Waere 4 0951 - 1225 Hhea Shmiew
assess whetheritis possible to meettheir safety needs. The research conducted is . v ‘ =3 '
broken down into three distinctphases designed to understand the subjectof safety s R0 146 - 1306 2hva Smina e e ot
and then delve into userfeedback on their safety concerns when walking and using [ e ' s
journey planning technologies. The three phases ofthe project are as follows: P N3 - 1340 Zbedmis Bt

° SubjectMatter Expert Interviews 3 - S R
° Bus Userand Walkers Survey . .
° User Interviews “- 9.0 g

Project Achievements Conclusions

The research projectallows us to develop a comprehensive understanding of types of Key things to note are that safety is complexand subjective, requiring diverse
safety and related concerns of users and subjectmatter experts. This provided a insights to design effective inclusive solutions. There is no universal definition of
broad understanding of safety in relation to walking and using journeyplanning tools. safety - itis personal, situational and shaped byinfrastructure.

This understanding translates to the five areas of safety we identified; physical, In conclusion, this project highlighted needs, envisioned possibilities, and built
psychological, ap_ce55|blllty, road and somql. Once understood this enabled us_to foundations to progress an inclusive safe walking or journey planning tool that
expand on specific concerns ofusers relating to each type of safety and ways in empowers diverse communities. Further research, developmentand coordinated
which these could be addressed in relation to safer walking routes. We worked action are required to realise its full potential. However, the case for investing in
collaborativelywith our research partners to devise a survey for which we got over solutions thatpromote safe access for all is now well supported by evidence
three thousand responses. This provided us with rich qualitative data on safetyin the outlined in this research project.

context of walking and journey planning. Outputs from the research will support
companiesthatdevelop and maintain journey-planning software to adoptthe
guidance as recognised industrybest practice.

Next Steps and Future Measures of Success
. Build a digital toolkitto open up the findings from our research to businesses developing journeyplanning tools in the tran sportindustry.
. Identify further research opportunities thatfocus on a specific type of safety, aimed at targeting user concerns
. Identify areas where productdevelopmentcan enhance improve user safetyconcerns
. The TRIG program has allowed initial research to be conducted and shared, which we hope to continue to build on moving forward.



Rock Engineering Ltd

Project Summary

“Rock Climber”is an Open Call Challenge aiming to positivelyimpactfour of the
DfT’s five strategic priorities. “Rock Climber”is an all new powered mobility vehicle
that gives users far greater access, and freedom to real-world urban, and country
side environments. Thus leading to greater opportunity & equality.

Our objective is to provide a single design solution thatvastly exceeds current
offerings in terms of size, manoeuwvrability, obstacle climbing performance, range of
operation and desirability. Rock Engineering wants to provide a solution thatgives
users the confidence to explore and enjoy their environmentwhilsthaving far less
reliance on others.

Project Achievements

The focus for our project was to a produce a full design & then manufacture the first
prototype vehicle.

The main achievements for the project included the production of a full CAD model of the
complete design. This included the development of a detailed design specification, that
defined the performance requirements for the vehicle, including targets that the design
needed to achieve. In turn this document drove the detailed design of each system including
chassis, suspension, pow ertrain and electrical architecture. Various virtual simulation methods
w ere also used to validate the design prior to producing any parts. This has included methods
to test the structural integrity of individual components, as well as simulating w hether

the vehicle, as a system, has sufficient performance to achieve the maneuverability,

and range targets.

Besides producing a fully detailed digital model of Rock Climber the project has also
undertaken a full manufacture and build of the first prototype. Rock Engineering has produced
much of the components in-house, but has also collaborated withan external company to
develop the electronics. Currently the vehicle is in the final stages of manufacture.

Next Steps and Future Measures of Success

Open Call

Conclusions

The primary project objective w as todevelop a technology that w ill provide w heelchair
users with improved access to urban & countryside environments, w hichin turn would
result in improved independence, confidence, access to better workand social
opportunities, and ultimately improved happiness. The measure of success for the project,
therefore, is w hether the Rock Climber wiill substantially improve user access. At this
stage this has been validated by virtual methods, i.e. through computer simulations, but
this can’t be objectively quantified until the first physical prototype has been built. The
pragmatic, Engineering led, processes & methods used to complete the project does,
how ever, still give us confidence that the final design will achieve its goals.

The next steps forthe project are to complete the build of the first prototype. A series of physical tests will then be undetaken to confirm performance, validate structural integrity
and produce media contentthat will help identify & promote the accessibilityissues highlighted in the projectbrief. Commercialisation of Rock Climber will require are-design ofthe
conceptto produce adesign thatis more aestheticallypleasing, and viable for larger scale production. Initial discussionsare underwaywith Huddersfield Universityto support
Product Design requirements. Investmentis also required to scale up to production, and discussions have commenced, butare a an early stage



SUSTAINABLE SAILING

Sustainable Sailing

Project Summary

Sails are a major partof maritime decarbonisation ecosystem. The majority of sails (70%) are
builtfrom polyethylene terephthalate (PET), which has currently limited end oflife solutions
available at commercial scale. As a result, there is a significantflow of sails from production to
landfill. In this study, the polymerrecycling system, DeeCom, was applied to PET sails. These
recyclates were then used to resynthesise PET precursors. Recycled PET has a relatively low
value, sothe recyclates were also used as a feedstock for an engineered strain of E. coli
(pVanl), to bio-synthesise vanillin, a high value product.

Project Achievements

This study sourced two end of life (EoL) sails and incorporated them into the DeeCom process.
Both of these sails were processed through DeeCom and the recyclates from the process were
purified from the aqueous phase, fordownstream identification, quantification and utilisation. Al
DeeCom activities were undertaken in collaboration with B&M Longworth, the inventors of this
innovative process. Life cycle assessments indicates that,assuming linear scaling, DeeCom
was an appropriate recycling process, with a lower carbon footprint than landfill for sails.

The aqueous phase recyclates were identified as primarilyterephthalic acid (TPA), through a
range of analytical techniques undertaken by Farapack Polymers and the Sadler Lab in the
University of Edinburgh. This TPA was reincorporated into a chemical resynthesis pathwayto
produce BHET, the precursor of PET. Alongside this, because recycle PET is still relatively low
value, the recovered recyclates were utilised as a feedstock for an engineered strain of E.coli.
This strain had directly comparable growth upon the sail recyclate as reagentgrade TPA, with
high transformation efficiencyof TPA to vanillin (79%). Techno-economic assessmentofvanillin
synthesis, form this source, indicated that, this step would dramaticallyreduce the costs ofsail
recycling.

Next Steps and Future Measures of Success
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Conclusions

This projectsuccessfullydemonstrates thatthere is a clear end of life pathway
for PET derived sails, through DeeCom. In addition, there are clear pathways
to commercialisation, through the resynthesis of PET or, the bio-synthesis of
vanillin. Preliminarylife cycle assessmentsindicate that DeeCom as a batch
process operating atthe 20-sail scale, is alower carbon footprintalternative
for sail disposal than landfill, while producing PET monomers. If this can be
successfullyscaled up, these technologies could have the potential to be
appropriate, low carbon, end of life solutions, for sails.

A range of activities now need to be undertaken to move these technologies form the individual sail level, to address the glo bal challenge of sail waste (approximately2000 tonnes).
Specifically, demonstration projects are now being planned and designed to operate DeeCom atthe scale necessaryto process atleastone tonne annually, to recycle sails. This is
alongside effortto begin commercialising this as arecycling service, through stakeholder groups thatwe have approached and been approached bythroughoutthis project. Currently the
pathway to commercialisation requires some important process innovations, which are now part of ongoing developmentprojects. We are therefore aiming to utilise grantfunding,
through projects such as the clean maritime demonstration competition, to reach this multiple tonne scale, while simultaneously planning our firstfund raise through the sale of equity.
None of these aims would have been within our consideration withoutthe TRIG program funding, which has successfullytransformed our value proposition to investors and other grant

funding bodies. We hope to have recycled at leastone tonne of sails by the end of 2024.



TELXAI

TELXAI may rewa

Project Summary

The TELXAI projectfocused on enabling passengersin distress to covertly communicate
that they require assistance. TELXAI facilitated this capabilityby developing an API that
communicates with the TELXAlI camera. The camerathen pushes these alerts onto staff
and law enforcementwho can utilise the camera as a pointof visual verification and
situational awareness. Primarilydeveloped as a solution to aid in enabling women who
feel harassed orunsafe to alert staff to their situation, the solution developed has awide
range of use cases in safety and mobility.

Project Achievements

Our project focused on two primarydeliverables, the developmentofthe API
reporting tool, and the retrieval of the API alarm within the camera. Our main
achievementof the projectwas the developmentofthese functions. To deliver this
capability TELXAI integrated additional hardware functionsinto its camera and built
the software communications functions. By developing these functions TELXAI has
been able to demonstrate these features to potential future customers and identified
additional use cases.

Next Steps and Future Measures of Success
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Reports

Live Streaming

Seat  Carvisge

Report without creating an
account

Conclusions

The projectwas successful in developing and demonstrating the functions TELXAI
soughtto develop. The outputs included the TELXAI APl and a next-generation of
TELXAI camera. By implementing this project TELXAI has also made commercial
gains and has identified additional use cases in markets such as autonomous
transport. TELXAl has also identified additional follow projects to demonstrate the
system functionalitiesin live environments.

The next steps needed to progress the technologyto commercialization is the implementation oflive trials, enabling passengers to actively use the technology. This includes
deploying cameras in train stations and on trains and integrating the TELXAI API into apps such as the Trainline app. TELXAI is actively inthe progress ofidentifying and
submitting proposals for live trials. One of these proposalsincludes the submission oflive trials in partnership with South Western Railwayand wireless network providers. These
submissions will enable TELXAI to raise additional funding and demonstrate to potential investors thatits technology is marketready. The TRIG program has been substantially
beneficial to TELXAI, it has provided TELXAI with the funding and guidance needed to commercialise its innovative technology.



The Open
University

The Open University

The reality of driver distraction: Innovating education using virtual reality

technology to improve road safety

Project Summary

Mobile phone use by drivers remains a significantroad safety issue requiring educational interventions aimed at
deterring this form of driver distraction. We have designed and tested a mixed reality approach to driver education
and research, developing an immersive experience which allows drivers to safely experience the effects of theirown
distraction, with a view to changing future behaviour. Based on this work, we have created an open box toolkit of
mixed reality resources which can be applied to multiple areas of road safety, including workplace training, driver

education and academicresearch.

Project Achievements

The projectled to the creation a mixed reality environmentthatleverages video pass-
through technologyto testand train drivers interactively. We created both 360-degree
video and CGl virtual driving environments. The novelty in ourdesign is the mixed
reality approach. Our testing demonstrated the abilityof our selected technologyto
personalise the vehicle environment, allow the user to engage effectively with their own
mobile phone, and to interact with a virtual environmentwhich closelyresembles real-
world experience, without anyissues ofuser discomfortand high ratings forimmersion
and realism. The ability for the userto interact with both the real and virtual worlds
simultaneouslyprovides huge potential in terms ofresearch, training and educational
applications. The potential impactof a mixed reality approach to driver educationis far
reaching, not only for the policing and deterrence of offending by the general public, but
also for educating industryand public sector fleets and other groups of professional
drivers, improving road safety for everyone.

Next Steps and Future Measures of Success

1. Dissemination ofthe toolkit via knowledge exchange and networking events.

Open Call

Conclusions

This projecthas demonstrated clear proof of conceptby assessing technologyand
devising a workable approach for testing and training. Paired with psychological
expertise, based on empirical investigations on both the distraction imposed byphone
use, behaviour change interventions, and best-practice in policy, this projectprovides a
solid grounding for development ofa range of mixed reality road safety training,
education and research approaches. The toolkit we have produced, sharing the
developmentprocess, provides jargon-free guidance on the creation and application of
mixed reality approaches.

2. Application for further funding to create a market-ready mobile phone education intervention using our mixed realityapproach.

3. Scoping of application of mixed reality approach to other areas of road safety.
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Transreport Limited

Project Summary

Our project looked into making air travel more accessible bymaking the interactions and information more accessible
when making journeys. Our aim is not only to improve the existing technologysystems inuse, butalso to improve the
social understanding of providing assistance to disabled and older passengers. Keys activities included working with
disabled and older passengers, as well as, assistance providers and operators within the aviation industry. The core
end deliverable is a desktop prototype. It leads to DfT priorities ofimproving journeys; safe, secure and sustainable

transport; and boosting economic growth.

Project Achievements

Our biggestsuccessis to move our thinking and technologyforward to TRL 4. Our
biggestchallenge was ensuring design-thinking thatis universallyapplicable to all
operators within the aviation industry, and not justa subset. This was overcome
through engagementwith with industry stakeholders for feedback to ensure the
appropriate approach is being taken.

Next Steps and Future Measures of Success
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Conclusions

We have anillustrative prototype. Our projectwas successful inwhatwe set out to
achieve. We were able to move ourtechnology forward to the next TRL, and now will
be further developing itaccordingly. We re-enforced our approach of collaborative
design, with this being akey lesson learned.

Our next steps are to build a larger scale productthat will be validated in controlled environments
We have interested stakeholders for when we move forward, with commercialisation possible upon further validation..
The primarybenefits of the TRIG programme was the mentoring providing which led to consistentfocus on delivery.
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VESOS Solutions Ltd

Project Summary

We have showed (through an end to end proof of conceptcalled
TeCall)the maximum use ofeCall data alreadyavailable from new
UK cars and van since 2018. We use this to detect collisions more
quickly and improve emergencyservice and road operator
responses inlocating and responding to crashes, so saving lives and
reducing crash severity. We can use this untapped golden nugget
data to identify drivers and vehicles with special or equality/
inclusivity needs eg electricand wheelchair adapted vehicles

Project Achievements

We focussed onthe processing of eCall data alreadyin use (10,000 calls amonth)
to maximise its value and make it simplerto use operationally. Our main
achievementwas comparing the time taken to respond to voice calls to 999 with the
TeCallresponse, which saves 1 minute inlocating a vehicle and 5 minutes in road
operator response setting. Afurther highlightwas linking our TeCall output with
other systems for example in vehicle signing and email messages to traffic
authorities. We collaborated with several police forces and fire & rescue services
and their IT suppliers, Motabilityto address EDlissues, DfT, The RAC Foundation,
KL Systems, National Highways.

Next Steps and Future Measures of Success
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Conclusions

The proof of conceptshowed significanttime savings and added value data over
and above the voice elements of eCall alreadyin use, Our business case showed
this could save lives on UK roads, especiallyin rural run off collisions, and for “lost”
vehicles that are notimmediatelyfound. We did however learn that there is very
poor awareness of eCall notjustin the public butin the 999 services and with road
operators, and that the eCall datais not easilyavailable for 999 use. We will be
working with governmentto address this.

We propose alarge scale live test of TeCall with real data from 999 systems and evaluation ofthe benefits to road operators and road users , especiallyfor inclusion
We are alreadydiscussing the use of TeCall with foreign road operators, as eCall is a global system

We are exploring funds for supporting this live demonstration butneed no further funds to develop TeCall

TRIG funding has helped us with a depth of analysis we couldn'thave undertaken ourselves and opened doors, raising awarenessofeCall
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Project Summary

Throughoutthe UK there are cars and other road vehicles contributing to pollution
along the roads. We have designed a roadside monitoring system which can be
attached to lampposts, gathering air qualitydata. We looked to miniaturise existing
reference grade technologyin orderto obtain accurate data from these systems.
This allows us to better understand the impact of vehicles on air pollution and work

towards amore sustainable future. J *
»
Project Achievements Conclusions
Our project focused on creating a Monitoring system for gas and particles in air The monitoring system worked as intended, being a small, costeffective way to
on UK roadsides, and miniaturise existing reference grade sensors foruse in measure air pollution.

these monitoring systems. L . . .
gsys The miniaturised reference grade sensors showed promise, butissues with

We have designed asystem to sample data ata given frequency and clogging up means thatfurther work is required to improve these.

automaticallyrecord this and upload the data. This system can help us understand how differentfactors impactair pollution, in

We produced a prototype and tested the functionality and accuracy of the system. both cities and rural locations. This could be used to automate traffic systems to
We designed a miniaturised chemiluminescentsensor and tested a prototype. mitigate and avoid high pollution areas.

Next Steps and Future Measures of Success

We are aiming to use this prototype as a platform to build upon,improving the accuracy of the data and adding more features to the system.

We have obtained a grant with InnovateUK, and are working togetherwith Al experts to integrate Al into the system.

With further work on the miniaturised chemiluminescentsensors, we will hopefullybe able to push towards commercialisation for these sensors.
Being on the TRIG programme has provided an excellent platform to work with, and develop an understanding of smaller, compact sensors.
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ACHELOUS
ENERGY

Achelous Energy Ltd

Project Summary

As the maritime transportindustryseeks to reach Net Zero by 2050, small ports
and marinas often struggle to identify and establish inexpensive, reliable means
of decarbonising their electricitysupply.

The aim of this projectwas to establish whether small-scale deployments of
“hydrokinetic” technology — technologythat uses the movementof flowing rivers
or oceanictides to generate power — could provide a potential solution to small
ports and marinas as a means ofdecarbonising.

Project Achievements

Two small (200W) hydrokinetic turbines were speciallydesigned, and deployed to a
UK marina for a period of five-weeks. Each turbine system was linked to a full
electrical power generation system, and used to provide charge to a battery. The
turbines were deployed to the water using a shore-based gantrysystem, which
leveraged some ofthe existing, unused infrastructure ofthe marina;in this case a
floating pontoon.

The projecthelpedinitiate and establish a relationship between AEL and Marina
Developments Limited (MDL), one of the UK’s largestowners and operators of
commercial marinas.

Next Steps and Future Measures of Success

Maritime Decarbonisation

Conclusions

The projectconcluded that the deploymentof hydrokinetic technologyto existing
shoreside infrastructure atsmall marina and portlocations in the UK can provide an
economically-viable method for helping these businesses to decarbonise their electricity
supply.

Hydrokinetic power generation is a cost-effective, scalable and environmentallynon-
invasive way of supplementing the existing wind and solar electricitygeneration
adopted around the UK. Where hydrokinetic turbines can be deployed to continuously
flowing riverways, the technologyalso offers the prospectof generating baseload
renewable power.

Deploymentof 2,000 1.6kW-rated units could offsetup to 5,000 tonnes COelyear.

» Installation ofa cloud-based monitoring system to enable remote monitoring ofthe power generation of the turbines, and water flow speed.
» Designrefinementofthe turbine blades, using marine-grade aluminium instead of steel as the internal strength members to facilitate installation.
» Design ofcommercial-for-production turbine gantry structures using marine-grade aluminium, and issue of Requests for Quotation (RFQs) to UK aluminium fabrication yards for

costing.

» Detailed examination of additional MDL marina sites for possible commercial turbine deployments.
» To sign acontract for the supplyof hydrokinetically-developed electricitywith a commercial off-taker within a period of 12-18 months from the end of this project.



Bluewater Engineering Limited

Project Summary

This projectaimed to de-riskthe SKYTUG conceptby demonstrating proof of
conceptof its airborne kite handling system. SKYTUG is a wind-propelled ocean
tug intended to tow cargo ships atfull service speeds using onlywind propulsion,
by means ofa series arrayof large kites, thereby dramaticallyreducing their
greenhouse gas emissions. A standard ‘SKYTUG 50’ design will be capable of
24,000 tonnes of CO.e savings perannum, or considerablymore in regions of
the world’s oceans with favourable wind conditions.

Project Achievements Conclusions

+ Prototyped and developed runners for kite launch transit. + Functionality of runner system and kite control units is good.

+ Tested aerodynamic devices and determined bestoptions and setup. + Electromechanical kite control at small scale is possible.

« Determined force and power requirements for kite steering. * Weather constraints severelylimittesting opportunities.

+ Validated parts for kite control units and finalised design. » Future work needs to bring forward developmentof tools, aids and mechanisms to
« Prototyped and developed kite control units. improve ground handling ofkites in varied weather.

« Planned for flighttrials to take place soon.

Next Steps and Future Measures of Success

» Complete successful proofofconcepttrials.

» Brief known and new potential investors aboutsuccess and secure additional funding.

» Pursue engineering development of full-function kite system and integrated seagoing demonstrator.

» Further pursue discussions which are currentlyunder way with potential partners aboutsystem integration into vessels.

* TRIG has enabled a lot of engineering work for the prototype kite system, and raised exposure of SKYTUG and credibility withindustry.
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BunkerTrace

Project Summary
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The maritime industryis responsible for 3% of global greenhouse gases and itis no
longer acceptable to rely on low-cost, bottom of the barrel oil sources. As new low-
carbon fuels enterthe market, consumers are demanding evidence thatthese fuels not
only meetspecific quality standards butare also produced in a sustainable manner.

Our objectives were to research, develop and validate techniques for molecular tagging
of fuels and to develop a prototype digital reporting tool for life cycle emissions. Scope
was confined to customised markers for biofuels and e-methanol and laboratorytesting
to evaluate feasibility.

Project Achievements

BunkerTrace gained valuable insights into the performance and applicability of our
markers in biofuels and e-methanol. The proof-of-conceptdemonstrated feasibility,

and the outcomes ofthe projectvalidated the creation of novel markers and Conclusions

associated analytical techniques, as well as a complimentarydigital reporting tool.

The projectachievements include: Participating in this grant-funded projecthas notonly yielded technical advance but also

- addressing marker stabilitychallenges in specific fuel types offered several additional benefits for our business ofenhanced expertise, creation ofa

. deve|0ping novel and promising marker techn0|ogies in response more diverse marker suite and ianeaSing commercial Vlabllltyby mOVing from TRL3 to 5.
* achieving dissolution and stability of these markers in the fuel types We intend to continue developing this productin collaboration with research institutions

+ developmentofa digital prototype for LCAand emissions reporting and e-methanol producers acrossthe UK. This collaborative approach will further our goal
+ linking prototype to molecular marker codes of enhancing sustainability verification within the maritime industryand contribute to our

+ justification for continued developmentand investment team's long-term success.

Next Steps and Future Measures of Success

The results ofthis projectencourage us to believe that, with further development, this producthas promise for commercial viabilityand scaling. We would like to continue the
developmentofthis product and focus solelyon e-methanol. We would seek additional grantfunds for this work based upon our findings and outlined next steps from this project.

Next steps in marker developmentwe would like to explore include the effect of different temperatures on marker stability; refining the detection methods to improve precision; and
complete longerterm stabilitystudies atdifferenttemperatures. For the digital LCA and emissions reporting tool, the next steps are to code the new productbased on the specifications;
integrate it to the existing mobile application;and develop encoded protocols for detection on firmware. All products would then be tested in a real-world setting for an e-methanol
bunkeringin port.
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C-MAT Technologies Ltd

SEFAD-2 (Ship Emission Filtration and Decarbonisation)

The global shipping sector annuallyreleases approximately 1.06 billion metric tons of
carbon dioxide into the atmosphere. This accounts for about 3.0% of the total global
CO, emissionsresulting from all human activities, and hence itbecomes clear thatthe
shipping industryplays a crucial role in contributing to climate change. This alarming
environmental impactunderscores the pressing need forinnovative solutions within
the maritime industry.

C-MAT Technologies’ mission is to combatclimate change and significantlyreduce
the carbon footprint of ocean-going vessels. With our cutting-edge carbon capture
Metal Organic Framework (MOF) technology, we aim to revolutionize how emissions
are managed both atsea and in port, making a substantial contribution to global CO,
emission reduction targets.

Project Achievements Conclusions

« Uponthe completion ofthis project, the SEFAD technologyhas reached a The incorporation ofonboard carbon capture utilization and storage (OCCUS)
TechnologyReadiness Level (TRL) of 3-4. technologies like C-MAT SEFAD represents a highlyeffective technology, serving as an

* In order for C-MAT to establish marketshare with new technologyin the market, it alternative to the rapid deploymentof approaches striving for Net-Zero emissions.
is critical tC-MAT has the ability to predictthe carbon capture potential rates of the Nonetheless, the malleabilityinherentin the design of porous MOFs opens upthe
SEFAD technology and that the figures presented to the customer/end user are prospectof adapting and applying this technologyfor a multitude of purposes, including
credible and accurate. The initial, prototype model has been developed in the the storage of emerging fuels such as hydrogen and ammonia.
MATLAB/Simulink programming environmenthat. Nevertheless, there is arequirementto incentivize investment, particularlyin onshore

+ Discussions with classification societies have been commenced, to ensure thatall infrastructure; demonstrating real-world performance is essential; shipping should
necessarycertifications are prepared for when the product is market-ready establish connections with the broader carbon industry; additional policymeasures and

regulations are required.

Next Steps and Future Measures of Success

To expedite technologydevelopmentwithoutdelays, C-MAT has forged a strategic partnership with University College London (UCL) and TOPE Ocean to seek additional funding in
the upcoming round ofthe Clean Maritime Demonstration Competition—round 4. C-MAT has initiated dialogues with industry stakeholders and has received supportfrom multiple
public and private sources.

C-MAT is currently focused on the next stages of SEFAD developmentand in particular the design of system components and integr ation ofthe technologyinto a ship system.
TRIG programme provide us the exposure we needed to initiate the conversations with potential stakeholders and investors.
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Cranfield University

Project Summary

Maritime shipping is highlyfuel-efficient, responsible for 90% of global trade with
only a 3% contribution to anthropogenic CO2 emissions. Yet, increasing
environmental regulations, especiallyrelated to harmful pollutants, pose challenges.
Implementing green cargo tech is complexdue to the immaturityand unproven
effectiveness of some technologies. To address this, we propose using bio-inspired
flexible foils for thrustgeneration and ship stability. This cost-effective innovation
supports the transition to zero-emission navigation, vital for sustainable maritime
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Project Achievements Conclusions

Our team's extensive feasibilitystudyshows our proposed technologycan achieve a We are confidentthat wave-devouring propulsion technologyrepresents a
significant20% fuel reduction in the target maritime market. This breakthrough is vital promising and effective approach for addressing the urgentchallenge of marine

for cargo ship efficiencyand combating carbon emissionsin the industry. Our decarbonisation. Our research endeavours in this field have yielded substantial
technologyhas advanced steadilyon the TechnologyReadiness Level scale,with a evidence supporting the viability of wave-devouring propulsion. Both extensive
successful lab demonstration as a key milestone. We've also published two influential numerical simulations and rigorous experimental studies have consistently

papers on wave-devouring propulsion to share our progress and research impact. demonstrated aremarkable 20% reduction in fuel consumption when employing this

technology.

Next Steps and Future Measures of Success

We have collaborated with the Technology Transfer Officer (TTO) at Cranfield Universityto advance the technologyto higher TechnologyReadiness Levels
(TRLs) and commercialise it. We have utilized various channels, including the company's website, digital media platforms, and social media, to reach a
broaderaudience. Additionally, we are engaging with other shipping companies to secure further funding through the CMDC4 pro ject, which involves four
other companies and another academic institution.
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Duodrive Limited

Project Summary

Oxygen Hydrogen

This projectwill develop the key components fora novel commercial "Brown Gas" or
HHO generator/electrolyser using seawater feedstock to supply"ignitor” gas to feed
to a Marine combustion engine for which the primaryfuel willbe Ammonia.

Proof of concept to investigate choices and discover optimum combination of:

» forward osmosis-water spliting (FOWS) membrane
* anode/cathode material

* compactsizeto be accommodated on small ships
* andto combine or separate gas flow

andto validate in a lab or testing environment.
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Project Achievements

Project focus was to establish a stable production of Hydrogen and Oxygen for which
our approach has the more advanced idea of using natural seawater as thatmakes up Conclusions
>96% of global water supply. For that latter reason there is now considerable interestin

the electrolyser research communityto develop electro-catalysts, membranes and Opportunity to Network with other innovators realised some fruitful avenues to explore
electrolysers thatcan work without the historic step to obtain first purified water post-projectwhilstacomprehensive literature review has been carried out to have the
processed byenergy intensive purification /de-salination systems. De-salination baseline to understand where currentwork by others had progressed.

systems using reverse osmosis (RO) are already commerciallyavailable, butconsume The step-change potential suggested bythis projectcompares very favourably with the
significantelectrical power. savings in carbon emissions & the promotion of UK technologywith no worldwide equal.

TeesSide Universitywas chosen as academic sub-contractor as their Hydrogen The Industrial Sandpit Event, Growing Teesside’s Hydrogen Economyorganised bythe
laboratory has all the necessaryfacilities for testing electrochemical cells. Cardiff Net Zero Industry Innovation Centre has enabled Duodrive to register a directinterestto
University was also selected to provide key Consulting inputs for the development of be a prime companyon Seawater Hydrolysis under TeesSide as well as to work with
the core Intellectual Properties. Durham on Liquid Hydrogen.

Next Steps and Future Measures of Success

Duodrive are currently running an InnovateUK funded project : “High Efficiency Hydrogen/Ammonia Engine Generator’ we will look to take the next steps to raise the TRL by
carrying out a “live test” of a prototype hardware derived from the T-TRIG2023 outcomes. In respectof Marine themed Funding, there is the final tranche of the CMDC or Clean
Maritime Demonstration Competition — Phase 4 (closing date 27 Sep 2023) for which a submission is under preparation.

TeesSide and Durham Universities have embarked on a £11 million project, funded by Research England, to supporthydrogen innovation in the Tees Valley across three
domains of heat, power and transport. Our T-TRIG2023 Projecthas enabled Duodrive to register interestin the Hydrolyser theme (2 strands with TeesSide University) and plans
are underwaywith a major Tees Side based chemical companyto seek out a funded projectwhich could capitalise on a peripheral aspectofthe “Proof of Concept”.
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HYDROGEN AS A FUEL

Project Summary
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Decarbonisation of Maritime using Advanced Power and Propulsion Technologies
(DeMAPPT), aimed to develop modelling capabilities to concurrentlyinvestigate the
feasibilities of numerous technologies to bring aboutreduction in emissions from
large ships.

DeMAPPT methodologyfocused on 4 key areas; Container Ship Hull Design,
Propulsion Plant Configuration, Alternative Fuels, and Mission Profiles (short,
medium and long range), using in-house tools to model and simulate the ship
operation configurations and mission profiles, with respectto key technologies. These
technologies include hydrogen as afuel, electrical propulsion, novel engine cycles, =

combine cycle plants and fuel cells N = LEARNINGA
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Project Achievements Conclusions

Hydrogen demonstrates the mostfuel-efficientperformance, with the lowestfuel consumption

» Developed comprehensive models capable of providing insights into the ! ) : -
relative to diesel Internal Combustion Engine (ICE).

carbon dioxide emissions resulting from various combinations of hull designs,
propulsion systems, and fuel choices. _ Hydrogen has the highestcosts associated with anyrefit and operation, with ammonia-based
+ Determined the mosteconomicallyadvantageous low-carbon technologies. configurations being the most cost effective.

* Understood gaps to accelerate development paths.
« Influence policy and direction for investments. The projecthas been successful in proving the conceptand providing data that will supportthe

« Determined technologies to supportdecarbonisation of maritime. next stage of development. Learning came from Interdisciplinary collaboration, utilising skills
in engineering, design, modelling, simulation, data science, understanding of maritime
technologyand emissions.

Next Steps and Future Measures of Success

DeMAPPT is at advanced stages ofdevelopment, and the next crucial steps involve transitioning from simulations to live test environm ents. Ourimmediate priorityis carrying out
rigorous field trials and operational testing in order to move further along the TechnologyReadiness Level (TRL) path towards commercialisation.

The concepthas shown success in simulations of ship designs;its real-world viabilitywill be established through these live tests, and we are currently in the process ofapplying for
further funding to progress this. This phase will allow us to confirm the technology's performance and reliabilityunder practical condition.

During the project, we established valuable collaborations with key industrystakeholders and research institutions. TRIG benefits include access to business and investment
readiness programmes, marketing tools, network channels and useful contacts with other organisations including DfT, and upskilling apprentices.
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WIND PROPULSION EXPERTS

GT Green Technologies

Project Summary

This projectshowcases the feasibilityof an innovative wind propulsion system, AirWing, aimed atreducing maritime fuel costs and
GHG emission. GT Green Technologies (GT) will develop and obtain AirwWing class approval in principle (AIP) from Bureau Veritas
(BV). BV are a third-party examiner who will assess regulatorycompliance of AirWing from a structural, operational, and technical
perspective and ensure no major obstacles prevent Airwwing commercialisation. The scope ofthis projectwill entail GT constru cting
and finalising documents for entry into AIP process, updating and developing documents required byBV throughoutthe process and
BV conducting examination and issuing certification.

Project Achievements

The project’s focus w as to verify that the design of AirWing is feasible, achievable, and contains no

Maritime Decarbonisation

—

show stoppers that may prevent further design development. The project verified that the design w as suitable ‘ I \/
foruse in all life cycle phases, such as, design, manufacturing, transportation, installation, operation and,

maintenance.

A manufacturability assessment w as conducted using The Manufacturing Technology Centre’s (MTC's)

Design for Manufacture and Assembly (DFMA) method. Based on design requirements, design maturity and

relevant material criteria, this identified the most suitable methods to manufacture AirWing parts. A modular Conclusions

desig_;n. approach was also utilised to reduce AirWing design, manufacturing, assembly, installation, and TRIG funding has allowed GT green technologies to gain successful AIP
servicing costs. from BV. This indicates that there are no technical show stoppers to

A key achievement of the project w as collaboration w ith Carisbrooke Shipping (UK). GT has recently installed prevent further development of AirWing. Furthermore, this indicates that
a mast on a Carisbrooke Shipping Vectis 11k vessel to obtain wind data prior to fulkscale installation. the design is suitable for use in all phases of operation including design,
Demonstration is scheduled for H2 2024. The primary aim is to assessAirWing’s operational efficiency. Data manufacturing, transportation, installation, operation, and maintenance.
from the demonstration w ill be used to quantify the potential reductions in fuel consumption in various w eather In response to feedback from BV, w here necessary, design adjustments
conditions, sea states, and ship operating points. This will be used to derive reductions in GHG emissions for regulatory approval will be established and actions taken to mitigate
associated with Airwing fuel abatement and will be a crucial step tow ards AirWing commercialisation. any issues.

Next Steps and Future Measures of Success

Being on the TRIG programme has given GT the opportunity to develop and work tow ards gaining AirWing class approval in principle (AIP) from Bureau Veritas (BV). BV are a third-party

examiner w how ill assess regulatory compliance of AirWing from a structural, operational, and technical perspective and ensure no major obstacles prevent AirWing commercialisation.

Follow ing successful AIP from BV, GT’s next step tow ards commercialising AirWing is a full-scale demonstration on board a vessel. This is planned to take place on a Carisbrooke Shipping
Vectis 11k vessel in the second half of 2024. GT is also in the process of reaching out to vessel ow ners to raise AirWing customer aw areness. Since doing this, GT has most recently received
interest from Union Maritime, Zodiac Maritime, Star Bulk and Pacific Basin. How ever, Zodiac Maritime, as well as other previous vessel ow ners have expressed the need to see data from a

demonstration project before further considering using the new technology.
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JET Connectivity

Project Summary

Via the use of large buoys, we can provide at searefuelling. Our buoys have significantexcess power generated via solaron
board and also have a backbone with 5G services, connectivity is critical for the delivery of offshore services. This project builds
on the 5G buoy digital ocean platforms we have developed. We have Investigated and developed an experimental proof of
conceptcapability to generate and store hydrogen on board these platforms, creating an in ocean zero carbon refuelling hub for
the emerging wind farm build, wind farm service vessels and other vessels that maynot want to return to port to refuel.

Project Achievements Conclusions

The projectwas successful as we were able to successfullydemonstrate a working In conclusion, the projecthas been a huge success, we have not only proven the
platform and also build up a feasible and viable financial model with a cost per KG not technical feasibility, but we have also proven the financial viability and secured a
far different to the marketnorm. For us at this stage we were looking for a ballpark potential route to market. Further benefits of the TRIG program have beenin terms

figure and that was met. of networking and enabling us to have routes to partnerships in the sector.

Next Steps and Future Measures of Success

We are now seeking funding for developmentoffull scale testsystem, this will be whilstwe firm up a commercial customer to trail with. We think this is likely to be ata
significantscale up from the existing lab system. We would also like to then take the projectinto a live testbed environment, we have a number of differentfloating platforms
available for this, but we would need to grow a clean maritime consortium alittle furtherto enable this to happen. This wou ld be via a number of partnerships thatwe will be
forming up. We have builta collaboration within this project, and as such from this we will look to forming this close fora follow on stage, and also seeking atrial customer.



INTERNATIONAL

MSE International

Project Summary

ESSOP addresses cost-effective shore power solutions. The electrification of vessels demands significant power provision
at berth, incurring high grid energy costs and conflicting with Demand Side Response measures. Battery storage would
avoid these problems bytime-shifting loads and enabling the storage of energy from renewable generation. Battery

options were modelled to demonstrate performance in anumber of operational use cases.
Aims:

* Build decision-supporttool

» Compare battery technologies

* Quantify savings

+ Demonstrate PVsolaroptimisation

* Model three load use-cases: Infrequenthigh-power; Frequentlow-power; Periodic medium-power

+ Promote to the ports & terminals sector
* Application of tool to assistinvestmentplanning

Project Achievements

The projecthas successfullymodelled the operation of differentstorage types undera
range of duty cycles, and with varying levels of in-port PV solar generation. Real-world
wholesale electricity price data and PV solar productivity, alongside batterycostand
performance data from deskresearch, has been used.

A levelized cost of energy delivered by storage algorithm has been developed,
including PV solar. This shows awide variation of delivered energy cost depending on
the duty cycle, including use-cases where optimised batterystorage and PV solar
achieve a costlowerthan £200 per MWh.

Communications activity has attracted a useful level of interestin the ESSOP
capability. Collaboration with a first-mover harbour authority has been established,
considering how ESSOP could inform their ongoing decarbonisation investments

Next Steps and Future Measures of Success

Maritime Decarbonisation
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Conclusions

In-port battery storage can offer a cost-effective solution to port energy
management, allowing PV solar resourcesto be optimallyexploited;

Battery storage is especiallyvaluable for high-cycle use-cases, forexample
ferries that need shore power several times perday;

Although lithium-ion batteries are marketleader with lowest capital cost,
vanadium flow batteries appear more attractive in high-cycle applications due to
their longer life;

The ESSOP tool needs refinementin terms ofits ability to model a port
microgrid. ltis likely that a DC microgrid would offer significantbenefits in terms
of efficiency and cost-effectiveness.

The ESSOP tool has demonstrated thatdetailed modelling ofa port energy system in a dynamic electricity marketis needed to understand behaviour and cost-effectiveness.
The tool is presentlydesigned forin-house consultancyuse. Furtherrefinementto cover a widerrange of use-cases and improved data qualityare justified.

Discussions with several early-adopter users has generated interest, and one harbour authorityis aiming to use ESSOP data to inform its decarbonisation options.
The projecthas highlighted the potential role of DC microgrid architectures in portenergy systems, and extension ofthe ESS OP model to properly model such architectures should

be considered.



Maritime Decarbonisation

Port of Tyne

Project Summary

ANT4Ports goal is to assessthe economic, ecologic, social, operational impact of
using electric heawy duty robots, developed by ANT Machines, for yard operations in
the Port of Tyne. ANT yard robotis intended to facilitate the decarbonisation process,
address truck driver shortand increase overall operational efficiency. During the
projectwe validated applicability, advantages, and operational benefits of different
control options, as well as hardware fit for port operations and intralogistics in
general. Result—validated data to serve as basis for product commercialisation plan.

Project Achievements

The outcomes ofthe POC trials align with our initial goals and expectations.

The projectunfolded as planned, and we successfullydemonstrated the viability

of the technologyin a real-world portenvironment. The trials not only showcased the
capabilities ofthe electric heawy-duty robots but alsoillustrated their potential to
deliver substantial operational benefits.

We performed coupling with various types of trailers/chassis used in the port, tested
remote and telematic controls outdoors, as well as telematic controls from a control
station installed in office premises.

Next Steps and Future Measures of Success

Conclusions

The POC trials in the Port of Tyne were executed according to the established
objectives, confirming the readiness and effectiveness ofthe technology.

The success ofthese trials marks a significant step forward in exploring the
possibilities ofintegrating ANT Machines' electric heavy-duty robots into port
operations, with promising implications for the future of intralogistics.

The next stepis to use the learnings ofthe project to upgrade the tested prototype to prepare it for an operational pilot projectin the Port of Tyne to increase the TRL of the solution.

This could be done with funding supportof the FreightInnovation Fund programme ltwill be a logical continuation ofthe TRIG project which allowed to collectvaluable data on the
technologyapplicationin a port environment. It also enhanced cooperation within the scientific communityinvolved in decarb onization related issues and raised interestfrom other

commercial stakeholdersin the UK and the EU.
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/> zero emission power solutions

Project Summary

Steamologyzero emission power turbines delivera ‘drop —in’ diesel engine
replacementfor marine, rail and industrial applications. Hydrogen technologyis
inhibited by a lack of fuel production and bunkering atsmall and medium sized ports.

ZEPB projectfocus is to research and reporton the challenges of small UK ports
adoption of bunkering and refuelling infrastructure. Using Newhaven portas a worked
example. This FEED study addresses renewable power, electrolysis (Hydrogen
production), gas compression, storage, dispensing, regulations, costcapturing and
port planning. Using the nearbyoffshore windfarm work boats activities as the basis for
refuelling.

Project Achievements

This projectdirectly addresses the Maritime Decarbonisation challenge. The main focus to
understand decarbonisation of small/medium sized ports. Working in collaboration with Newhaven
port, an example of a multi-modal organisation. The portis heavily relianton internal combustion

Hydro(jen Fuel Station Newhaven Port

engines and infrastructure for their vessels. The projectenabled a worked example to give solutions Conclusions

to a sustainable, clean and green, zero emission alternative. The main achievementhas beenthe The technologysupporting the fuel production and storage of hydrogen is rapidly
increased understanding of currenthydrogen infrastructure technology. This has resulted in a large developing. While it's shown the capital and operational expenses are high, with
data base ofsuppliers and manufactures for each of the fuelling components, required to build a long manufacturing lead times. Hydrogen demand is increasing, many

marine hydrogen fuel station. Extensive design work of two different hydrogen 3D CAD models were companies are entering the supplychain, with improved efficiency and cost
undertaken, using two potential sites at Newhaven. Steamologyhas developed connections with the effectiveness. The main outputresulted in Steamologyto developing a full turn
offshore wind industryand Crew Transfer Vessel (CTV) operators. These importantbusiness key technical/commercial model. The projecthas been successful, raising the
connections will be developed in future pilot scale projects. TRL level with an end to end solution.

Next Steps and Future Measures of Success

Steamology, is currently collaborating on a Workboat projectto deliver a working quayside bollard pull demonstratorin Q2 2024, using, zero emissions steam generators/turbine and
jet propulsion system.

DuoDrive and Offshore Renewable Energy (ORE) Catapulthave collaborated with Steamologyto study Crew Transfer Vessels foradaption to hydrogen / electric propulsion. Both
projects will accelerate Steamology's existing TRL, beneficial for commercialisation prospects. The TRIG projecthas enabled collaboration with ORE and Newhaven Port & Properties
Ltd. Within the supplychain we have worked extensively with company's supplying electrolysis, gas storage/compression, dispensing, certification and regulatorybodies.

Further funding opportunities, A4l Innovations round 9 is ongoing, A4l round 10 is at stage 2. Submissionsinclude A4l round 11. An application for CMDC4 strand 3 is currently being
drafted. The upcoming Industrial Energy Transformation Fund (IETF) phase 3is in scope for zero emission industrial steam and heating applications. Commercial diesel engine
replacementor passenger and freightrail applications are progressing.
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Project Summary

The projectaddresses an urgentneed for sustainable energysolutionsin the
maritime industry. The decision supporttool will enable UK ports to transition
towards green energyefficiently and effectively, contributing to the country’s
efforts to achieve its net-zero emissionstargetby 2050. A unique energymodel
has been developed as partof a framework to analyse each port’s unique
requirements and constraints, taking into consideration the type of activities and
location. The tool offers guidance on investments needed to implementgreen
energy solutions, making the transition accessible to ports of all sizes, including
non-cargo ports.

Project Achievements

In collaboration with the University of Plymouth, the project focused on developing
a decision supporttool for the UK Port industrythrough achieving four main tasks:
investigation of ports and marinas, system design and development,
commissioning and testing, and upscaling and dissemination.

The projecthas successfullyachieved its primaryobjective and demonstrated the
viability of its concept. At the project's outset, our existing models and framework
were at TechnologyReadiness Level (TRL) 2. Following thorough validation and
verification in a real port environment, we are confidentthat the projecthas
advancedto TRL 5 level. This progress confirms the concept's viabilityand
positions itfor further developmentand delivery. The decision supportframework
andtool we've developed have undergone rigorous testing, aligning ourtool's
outputs with real-world and simulation data gathered during prior studies. Currently,
the tool is a fully functioning prototype, and in the next phase, the tool will be
launched online, enabling us to gather more data and refine the input-output
systems.

Moreover, our projecthas garnered significantinterestfrom industrystakeholders

thanks to our effective dissemination efforts. We organised workshops, meetings
and engagementevents to collect feedback. Several follow-up opportunities are at

developmentopportunities now.

Maritime Decarbonisation
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Conclusions

This projecthas successfullydeveloped a decision supporttool in response to these
challenges. This tool is designed to aid ports, harbours, and marinas in making short-
term, medium-term, and long-term investmentdecisions, with the ultimate goal of
assuming the role ofgreen energy hubs by the year 2050. The projectdelved into
various decarbonisation options, energysources, and the comprehensive
decarbonisation ofthe freight transportnetwork. It considered the unique characteristics
of each port, harbour, or marina, including operational type, size, capacity, location,and
more. Overall, this projecthas convincinglydemonstrated thatsuch a decision support
tool can be created to facilitate the decarbonisation efforts. The tool is now ready for
further testing; initial tests have validated its accuracy.

Next Steps and Future Measures of Success

The project's next phase involves creating a comprehensive solutions database and
enhancing the tool's discussions sections. Aworkshop will be organised for further
dissemination, and discussions with industrystakeholders will continue. Additional funding
opportunities will be explored to expand the tool's application beyond the UK. Discussions
aboutfurther funding and collaborations are ongoing, including a Knowledge Transfer
Partnership (KTP) and consultancyprojects with ports.
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Computational Modelling
Cambridge Ltd (CMCL)

Project Summary

The World Avatar

CMCL are contributors to The World Avatar, a digital ecosystem thataims to
connectknowledge across sectors to improve the liveability and sustainability of
our environment.

CMCL have contributed to the technical developmentof CReDo, the Climate

4
Resilience Demonstrator. It securelycombines cross-sector data from the climate, ; 9

power, water, telecoms and healthcare sectors through distributed architecture. p L — ¢ &
Feedback from end users included a desire to see whether they could access sites * b - 5

that the tool highlighted as being potentiallywulnerable.

The inspiration for this projectcame from seeing how alack of interoperabilityboth

within the transportsector and across other sectors was hindering innovation. ) ) ) .
P 9 A comparison of 2-minute isochrones from a hospital before and after a flood

Project Achievements: Conclusions:

We successfullyconnected cross-sector datasets, and applied routing agents to We have upskilled ourinternal technical team when developing transport modelling and
answerrelevantqueries. are exploring new tools to integrate into the digital ecosystem, further boosting its

We have connected the routing work to the other capabilities within The World Avatar, capabilities.

and have begun identifying potential areas for solution deploymentin the future. We successfullyperceived novel queries, as an initial step towards a complete routing
We have had valuable engagements with high-level challenge owners, and look offering as part of The World Avatar ecosystem marketplace.

forward to building these relationships after the project’s conclusion. A particular We learnt valuable lessons surrounding the accessibility of routing and traffic data, and
highlightwas avisit from Daniel Zeichner, MP for Cambridge where we could have better positioned ourselves to breakoutinto this market.

exchange ideas on our work and transportchallengesin the local area.

Next Steps and Future Measures of Success

The next steps forus are to build upon this demonstrator and connectwith challenge owners across the UK. We are confidentthat we can leverage our experience across TRIG
and other projects to identify challenge owners who would benefitfrom The World Avatar ecosystem and its new capabilities.

The increased credibilitywithin the Transport sector as a resultof this projecthas been valuable, and we have already had high-level conversations with stakeholders across the
country. A measure of successwould be via a challenge owner integrating the tool into business-as-usual activities.
We are aiming to initiate a small-scale projectwith alocal governmentbody, and we look forward to exploring opportunities with more groups across the sector.
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East Riding of Yorkshire Councill

Project Summary

Situational awareness is an essential componentof defensible decision-making
during emergencies. The managers of our ‘lifeline’ highwaynetworks need situational
awarenessto know whatis happening, to understand how thatimpacts on network
functioning, and to calculate what mighthappen as aresult. This projectfocused on
creating a new process and supporting products to underpin Highway Operations
Manager’s situational awareness during majorincidents and emergencies.

Project Achievements

The projectfocused onthe creation of outputs that can directly enhance highway
operations managers’ abilityto manage exireme events and has been successful in
achieving this.

The main achievements have been the developmentand illustration ofa structured
process, checklistand dashboard, which can guide and supports managers’ decision
making, even as they experience “theirworstday’.

Although there were issues with the project's IT element, this was embraced as a key
lesson and used as an opportunityfor goal realignment, the resulting dashboard is
more functional as aresult. Collaboration through workshops and focus groups with
other authorities has presented opportunities for a substantive cross -fertilisation of
good practice to be integrated in projectoutputs.

Next Steps and Future Measures of Success

Transport Resilience to Severe Weather and Flooding
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Conclusions

The projecthas successfullycreated outputs, which if adopted as new sector doctrine,
are now available to directly inform and supporthighwayoperations managers faced
with managing emergencies as partofa coordinated multi-agencyresponse. In effect,
this work has created new tools and drivers to enhance the developmentofimportant
new sector resilience competencies. These outputs, ifbroadly accepted and engaged
with, offer the potential for the sectorto enhance its status as an empowered
emergencyresponderand as the recognised lead in the managementofthe nation’s
critical lifeline highwayinfrastructure.

This projecthas never been about the commercialisation ofa product. Rather, it has always been focused on developing a greater resilience culture within the highwaysector
through the creation of outputs that can be used to directly strengthen and support practitioner competencies in preparing for, responding to, and recovering from major
incidents. Next steps will startby embedding the newlydefined processes within the operational practice of East Riding Coun cil and the wider highways communitythrough
training and exercising. One way to increase the outputs relevance could be to translate them into complementarychecklists for use by other members ofthe team (e.g.,

strategic lead, operational team leader).

Iterative work to develop the all-hazards dashboard will continue, to ensure the integration ofany new and useful technological capabilities (e.g., bridge telemetry).
Further engagementwith like minds in Cumbria and Dumfries & Galloway offers the potential for a sector leading resilience collaboration.
TRIG supporthas been invaluable as ithas provided a level of legitimacyto the projectthat makes adoption ofthe outputs by the sector more likely.



Imperial College
London

Imperial College London

Project Summary

70% of weather-related accidents occur on wet pavements, which is a key safety
concern. A next-generation permeable concrete pavement (Kiacrete, Fig. 1) has been
developedto deliver a stormwater-free, durable and sustainable pavement surface
for transportation infrastructure. This projectmeasured the slip and skid resistance of
Kiacrete in the laboratory and compared againsttraditional impermeable concrete
surfaces, showing excellentperformance. The ability to use pigments to change the
surface colour of Kiacrete has also been explored and has been demonstrated that
colours suitable for differenttransportation applications can be achieved. Kiacrete
can mitigate againstthe climate change related extreme weather and improve
transportusers’ experience byensuring a safe, reliable and inclusive network.

Hg. 2. Top: British Pendulum Teston a grooved Kiacrete sample, Bottom:
Pigmented cementitious samples for differenttransportation applications.

Project Achievements

The skid resistance properties of Kiacrete were measured using the British Pendulum
Test. Laboratory samples were prepared for Kiacrete and conventional impermeable
concrete with different surface finishes, and were tested in dry and wet conditions

(Fig. 2). The skid resistance of Kiacrete was measured to be suitable for pedestrian
and vehicular applicationsin both dry and wet conditions for all surface finishes tested.
The wet condition skid resistance of Kiacrete was observed to be significantlyimproved
over conventionalimpermeable concrete, demonstrating the benefitthat Kiacrete has
in enhancing transportation user safetyover traditional paving surfaces.

Pigmented cementitious samples were prepared with varying concentrations in the
laboratory. The surface colours, for different concentrations and combinations, were
measured using a spectrophotometer to determine the feasibility of achieving suitable
surface colours for transportation applications through pigmentation, compared to the
more commonplace surface painting. The effect of the pigments’ concentration on the
workabilityand compressive strength was also measured. The tests have
demonstrated that Kiacrete can be produced with suitable surface colour (Fig. 2),
workabilityand compressive strength for a range of transportation applications.

Transport Resilience to Severe Weather and Flooding

Fg. 1. White City proof-of-conceptKiacrete field site.

Conclusions

We have developed a puddle-free permeable concrete pavement (Kiacrete) that
addresses the challenges ofthe conventional permeable pavements and can replace
traditional impermeable paving surfaces. This projecthas been successfulin
demonstrating in the laboratory that Kiacrete’s skid resistance in both simulated wet
and dry conditions is excellentand superior to impermeable concrete surfacesin wet
conditions. We have also shown thatit is possible to produce a pigmented concrete
surface that can achieve colours suitable for a wide variety of transportation
applications. Kiacrete can mitigate againstthe harmful effects of climate change and
improve transportusers’ experience byensuring a safe, reliable and inclusive network.

Next Steps and Future Measures of Success

This projecthas advanced Kiacrete from TRL 3 to 5. The slip and skid resistance has
been verified in the laboratoryand there is a need for the large-scale real-world
performance to be verified. Following these developments Kiacrete can then be
deployed across the urban environmentand the transportation sector to deliver safe,
resilient, sustainable and puddle-free pavementsurfaces.



STS Transport Resilience to Severe Weather and Flooding

Sheffield Tribology Services

Project Summary

The deciduous leaffall and wet weather during the autumn season causes very
low friction between railwaywheel and rail. Lack of measurementequipment
means thatitis difficult to determine where the low adhesion areas are and
whether cleaning or treatmenthas been effective. Equipmentthatexists is fragile,
expensive and complicated. STS are developing a hew friction measurementtool
designed forwidespread industryadoption to assess track condition.

Project Achievements Conclusions

Design and developmentofa modulartribometer. _ The modulartribometer was designed, builtand tested. The concepthas been

A demonstratorwas build, using a more portable piece of steel rather than a full sized proved in trials and this can be used for further larger scale trials if future funding
rail, and successfullydemonstrated to the Adhesion Research Group. bids are successful. Acommercialisation plan and technologyroadmap has been
Engagementwith key future customer base from rail industry created. Future work has been secured using the device to assess the performance

Feedback from these was obtained, some integrated into the developmentduring this ¢ yo\e| rail cleaning technologies. We learned aboutdifferentuse cases thatwould
project (eg tribometer mounting onto rail, re-designed and now able to measure gauge benefitthe rail industryand re-designed accordingly.

corner as well as railhead). Others added to technologyroadmap for future.
Live testing of handheld producton heritage railwaylines.

Data has begunto be analysed to ensure measurementvalidity.

Started the Network Rail product acceptance process.
Technologyroadmap and commercialisation plan for future.

We will continue developing this prototype into a product so that it can be used by
the rail industry to prevent damage, reduce delays and improve safety.

Next Steps and Future Measures of Success

We will be carrying out live testing of the producton Network Rail Infrastructure and working towards NwR productacceptance
TRIG has provided both the funding for the development ofthis technologyand the connections forindustryengagement. This h as accelerated our productdevelopmenttime.
We have had future customers getin contact from both the UK and internationally. Although we are not ready to sell ourdevice as a finished productyet, we have taken on

consultancywork as a revenue stream over the next 6 months.
We would like to apply for further funding for integration of additional device functionality and nationwide trials. We have applied to an InnovateUK programme and will also look out

for any other potential opportunities.
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Project Summary s c - »
\ Mulnpleexamples of lower income areas '
Using 2015 Storm Eva as a use case, the STORM (Supporting TranspQOrt = R Rectadtsy Bocs Srent 2
Resilience with Modelling) Digital Twin projectsuccessfullydemonstrated that > o : |
transportresilience to severe weather and flooding can be improved by a digital e S
place-based decision intelligence solution that: - g
* Integrates disconnected data (traffic, environmental, socio economic, land and b = \ " "
building use) — % _ = it
* Links siloed domain specific simulations (transport, hydrological) S = :
* Is easyto use bynon-data or modelling and simulation experts wesssou —— g
The solution empowers usersto rapidlyassess flood scenarios and delivers a ; - SO \:L//: N
capabilitywhere the impactof “what-if?” future climate events on the transport o e e
network can be rapidlysimulated and assessed. | v
Project Achievements Conclusions
The STORM digital twin project provided a wide range of insights related to The STORM Digital Twin projectsuccessfullydemonstrated the abilityfor a digital, place -
transportresilience due to climate. These included, butwere not limited to: based decision intelligence solution to supportthe faster, lower costdevelopmentofa more
+ RapidIdentification of Transport Problem Areas Due to Displacement climate resilienttransportnetwork and do soin a holistic, more equitable wayand in context
* Vulnerable Property & People Identification of other critical initiatives such as net zero and the energy transition.
» Predicted Impacton Relative Emissions Due to Displacementand Rerouting The projectalso highlighted the opportunityfor the UK to take a global leadership positionin

the developmentand application of digital place-based decision intelligence solutions and
has directly contributed to the commercial business pipeline developmentfor a high-tech
software companybased in the north of England.

Challengesto the accelerated adoption ofinnovative digital solutionsin a public sector
context remain and the ongoing supportof Connected Places Catapult, DfT and others is
critical if we are to deliver the pace of change climate change demands.

The projectenabled the solution to progress from conceptto a commercially
available capabilityembedded in Slingshot Simulations Compass: Engine™ place-
based decision intelligence product. By collaborating with Goleyo (transport
modelling experts) and Leeds City Council (proxy customer) the solution captures
bestpractices and addresses an end customer defined problem with scalable
applicabilitylocally, regionallyand nationally.

Next Steps and Future Measures of Success

Continued developmentofthe released capabilityis planned and this includes APl based integration with a wider range of environmental impactsimulation tools and “real time”
traffic sensordata. Future measures of success include commercial business pipeline developmentand commercial adoption ofthe solution, along with end userdriven use cases
to shape and prioritise the developmentroadmap and release plan. The TRIG22 project has enabled the acceleration ofthe capa bilityfrom concept to commercial product. Post
projectcompletion steps include the development of sales and marketing collateral and a marketing campaign based on these materials. Slingshot Simulations would like to place
on record our sincere gratitude to the TRIG22 stakeholders and cohortmembers for this opportunity.
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Climate Data Intelligelnce

Surveyar Ltd

Project Summary

The project set out to determine if drone-borne multiband Synthetic
Aperture Radar (SAR) could be used as a directed survey solution to
support the risk assessment of railway embankment slopes as a solution
transport resilience to severe weather and flooding.

Project Achievements

The projectfocussed on the integration of multiband synthetic aperture radar
sensing with adrone platform, flightcontrol and managementto optimise
survey, field trials at a number of locations and data processing to achieve an
assessmentofthe soil moisture (akey factor in slope failure).

Key achievements included gaining the first UK Ofcom permitfor trial use
and application ofthe technology, first commercial trials ofthe technology
within the UK and first use of the technologywithin a network rail railway Conclusions

embankmentsite. . . o . . :
The projectwas particularlysuccessful in integrating and testing an emerging

The projectwas successful in undertaking multiple field trials atthree separate technologyas well as demonstrating how this can be used and applied to support

!Ogationgy includinglwith Network Reftil.'l_’lhe o_utcome_ogth? trials clearly d transportresilience to severe weather and flooding, particularlywith respectto railway
indicated reasonable assessmentof soil moisture with reference to groun embankmentslope risk assessment,

truthing. The complexnature of the technologyand data will require a range of

further tests and trials to build data, credibilityand workflow. The field trials demonstrated thatitis possible to survey and assess soil moisture and
Collaboration was extended to include soil science components with Cranfield map this to supportslope s_tabilityriskass_essment. The field t_ri_al data also highli'ghted
University, SAR interpretation and workflow with Stirling University and outcomes oftopography, biomass/vegetation and unconformities (man-made objects
optimising flightintegration with Radaz. etc) are factors which can alsoimpactslope risk.

Next Steps and Future Measures of Success

The research has achieved its proof of concept and has metthe core projectobjectives,demonstrated in a live field environment. The next key steps are to undertake further
field trial work to assess repeatability, determine limitations and optimise workflow to provide credibilityand viability toa commercial market. The technology has alreadybeen
funded for a further stage of field trials in collaboration with Cranfield Universitywith a sequence of further use researchin application stage. We would hope that the work can
be extended with Network Rail with a more detailed assessmentofthe outcomes with arange of ground truthed field sites where slope stabilityis an issue.
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The projectdeveloped a novel low adhesion measurementsystem that can provide real-
time estimation of wheel-rail adhesion using on train measurementdata. The system
measuresthe actual adhesion level using the fundamental laws of mechanics (wheel
acceleration and brake force/torque) and linking this to the adhesion available.
Enhancing the train brake performance and improving safetyin varying weather
conditions, making rail transportation more reliable, reducing journeydelays, and
improving the user experience.

Conclusions

* Usingthe on train available data, the projectresults demonstrated

Project Achievements the ability to estimate adhesionin real-time using the fundamental

* Projectfocused onthe developmentofan end-user productforthe improvementoftrain brake laws of mechanics.
performance and safety « A prototype of the end-user solution has also been developed that
» The concepthas beeninitiallydeveloped to estimate (in simulation) the adhesion more allows the productto be placedin a driver’s cab or on-train
accurately at each wheelsetusing data collected during the variable sander trial project equipmentcabinet. It has been designed with a simple interface
(funded by the Rail Safety and Standards Board (RSSB)). giving drivers a visual indication which provides real-time
+ Laboratory testing trails took place, a structured test plan was developed which involved using understanding ofthe local adhesion conditions.
a papertape to simulate low adhesion. * The prototype also provides outputs which allow detailed real-time
+ Testingwas carried outusing the IRRs HAROLD (Huddersfield Adhesion and Rolling Contact adhesion data to be streamed eitherto the train’s own brake
Dynamics) testrig. system, allowingitto optimise the braking control for the conditions
» Testing has shownthatthe developed system can provide a reliable estimation ofthe real-time encountered, orto a central server.
adhesion conditions when compared to a postprocessing method. * This data has arange of uses from providing adhesion data to other
* The solution was firstdeveloped using areal-time PC in-line with MATLAB Simulink, following trains, planning, and measuring the effectiveness ofrailhead
this it has been converted to an embedded system model allowing for the developmentof fully treatmentand other mitigations and improving and validating low
functional prototype of the end-user product. adhesion forecasts.

Next Steps and Future Measures of Success

The next steps forthis project are:

1. Work with potential customers/fundersto seek funding for a limited trial (one train)

2. Work with approvals bodies to determine the necessarysystem requirements (e.g., Network Rail, rolling stock designated bodies etc.)
3. Work with marketand funders to arrange an in-service trial and develop data aggregation/ distribution system.

4. Sign appropriate licensing agreements to allow for the system to go to market(The University will supportcommercialisation)
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Ensemble Analytics

Project Summary

Our projectaimed to provide strategic w orkforce planning software for ports, addressing
challenges of skill shortages, an ageing w orkforce, and enhancing industry attractiveness.
Through flexible digital contracts and a demand simulation interface, ports can proactively
hire and train employees using adjusted shift demands based on historical data. This

empow ers ports to optimize w orkforce allocation for different cargoes, improve operational
efficiency, and employee contracts. The software offersinsights into w orking structures
appealing to the younger generation, making the portindustry a more enticing career choice.
Overall, our projectaimed to enhance port operations, mitigate skill shortages, and promote
industry grow th.

Project Achievements

Our project focused on creating software to supportstrategic workforce planningin
ports,addressing skill shortages, an aging workforce, and industry attractiveness.
Key achievements include: Data Collection and Cleaning, Stakeholder
Engagement, Contract Development, Platform Development, and Testing,
Technical Viability. Challengesincluded data cleaning due to messyand non-
uniform data and the complexity of building constraintmodel contracts. Our project
is considered a success, offering arobustand adaptive software solution for port
workforce planning. Reflecting on the process, we acknowledge the importance of
preliminarydata assessmentand domain-specific consultationsin complex
industries like maritime.

Next Steps and Future Measures of Success

The Future of Freight

Conclusions

The projectsuccessfullydeveloped software to aid ports in strategic workforce planning,
addressing skill shortages, an aging workforce, and industryappeal. The software enables
workforce simulation under various conditions based on historical shiftdata, contributing to
improved employee work structures.

Challengesincluded data cleaning, but stakeholder engagement, especiallywith Bristol Port
Company, proved invaluable.

The project's outputs demonstrate the software's potential to enhance operations and foster
constructive discussions between portauthorities and labour unions.

Valuable learnings emphasize the importance of preliminarydata assessmentand domain -
specific consultations in complexindustries like maritime. The project's success lays the
foundation for commercialization and further expansion.

Commercialisation: Ourimmediate focusis transitioning from research to a commerciallyviable solution. This involves refining the productto meetmaritime sector needs, particularlyduring
union negotiations, where itcan trans parently showcase workforce requirements and operational insights.

Integration with Existing Systems: We plan to integrate our tool with our existing scheduling product, offering a comprehensive solution for both immediate and long-term workforce and

operational needs.

Expansion to Other Markets: Our product's versatilityextends beyond ports, as evidenced by contracts with Boskalis and a Letter of Intentfrom Van Oord for offshore and dredging markets.
Progress on the Technology: Readiness Level (TRL) Path Commercialization will elevate our productfrom TRL 5to TRL 6. We aim to achieve TRL 6 with Boskalis byyear-end and with ports

by end of 2023.

Collaborations and Commercial Interest: Collaborations with Boskalis and Van Oord showcase commercial potential. We'll continue seeking partnerships and feedback to enhance our offering.
Funding and Future Plans: To further develop and scale, we're activelyexploring investment opportunities from stakeholders w ho recognize our solution's value in the maritime industry.



Folloe

GoRolloe

Project Summary

GoRolloe's TRIG projectwas centred around developing a non-exhaustemission capturing
hardware device to operate within the (twin) wheels of HGVs and buses. The goal of the
projectwas to take the technology from TRL2 (concept, ideation, research, tests, basic
models)to TRL4 where itis validated within a laboratoryenvironment. To do this, our team
of engineers and scientists conducted research, engineering developmentand scientific
experiments.

Project Achievements

The projectfocus was to validate our technologythrough showing the productadapts
to vehicles in a functional and safe manner, is efficientat capturing non-exhaust
emissions, does notcause harmful side-effects to the vehicle, and has commercial
traction.

The projectconcluded with a demonstrator validated in lab environment, airflow and
filtering know-how, scientific reports, and commercial partnerships.

We have established a commercial partnership with a Tier 1 manufacturerin the
automotive sectorand an established filter material manufacturer with expertise in the
automotive field.

Next Steps and Future Measures of Success

The Future of Freight

Conclusions

The projectwas very successful, bringing our technologyfrom a conceptto a lab
validated demonstrator with commercial interest. Understanding the engineering
and commercial constraints was keyto building a productthat stood a chance to be
adopted by the automotive industry. We are now at a stage where our proofof-
conceptis ready to be patented and pilottrialled in a real operational environment.
The projectalso enabled us to gain connections and know-how which will
accelerate our developmentof the technologyonto other vehicles in the next
coming years.

» Trial prototypes on industrial testing rigs, attesting centres, and on roads with OEMS to testfunctionality, safety, assembly, and efficiency
+ Assess OEMinterestand gather commercial feedback from pilottrials; understand competitive landscape and where we stand in comparison
+ Keepup with Eu 7 developments to foresee ifit will be adopted and whatwill be the requirements

« Showcase ourtechnologynext autumn for the firsttime.



ricity

Lightricity Ltd

Project Summary

This projectaddressed the Future of Freight challenge bydeveloping
light-powered wireless mesh freighttracking for cross-modal outdoor and
indooruse, a novel approach thatremoves scalabilityand sustainability
barriers of existing battery-powered solutions. Tracking ofgoods is
essential to optimise operational efficiencyoffreight and logistics
systems and to improve customer experience. Benefits include reducing
traffic congestion, lowering carbon emissions oftransportand thereby
improving air quality.

This projectinvestigated the feasibilityof light-powered (usage of
sustainable energysource) wireless mesh assettracking for cross-modal
outdoor and indoor use, making the whole hardware architecture battery
and wired-power free.

Project Achievements

The Future of Freight
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Conclusions

Notable innovations and results from this project: 1. proprietary battery-less energy This projectdeveloped and demonstrated highlyinnovative power options to enable
harvesting architecture with back-up storage covering bridge periods ofdarkness; the practical, maintenance-free and sustainable deploymentofmesh loT network

2. PV cell-integrated lightconcentrating micro-optics; 3. retrofittable, miniaturised topologies for applications such as assettracking, sensing and wayfinding. This is
PCB and enclosures for ceiling-mounted (under lightfixtures) and asset-mounted beyond the state of the art where battery and mains power are major constraints on
devices. deployment.

Theseresults enable multi-purpose, battery-free mesh networks thatare Having reached TRL 4, further technologydevelopmentwill pave the way for us to
simultaneouslyapplicable to tracking, wayfinding and building sensor systems. offer companies nationallyand internationallya self-powered mesh hardware

When fully productised, the projectinnovations will enable the majority of network solution forincorporation in their own solutions and services.

infrastructure to avoid battery or mains power.

Next Steps and Future Measures of Success

Post-projectdemonstration to end-users are planned, to ultimatelyenable us to enterthe supplychain as a tracking hardware su pplier for a wide range of transportapplications.
Our post-projectroute to marketand commercialisation plans are: 1) develop production prototype (Q4/2023-Q1/2024); 2) scale up from prototype manufacturing to volume; 3)
production process (Q2/2024-Q4/2024); 4) customer trials (Q3/2024-Q1/2025); 5) setup production and test facilities (Q1/2025—Q3/2025); 6) firstvolume commercial

deployments and exploitation (Q3/2025-onwards).

We are in discussions with two potential organisations (under NDA) who expressed an interestin trialling our light-powered mesh solution with their customers.
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Project Summary

Our project focused on revolutionising the logistics industryby developing a scalable,
intermodal Al-powered logistics monitoring solution. Powered by Al-based computer vision
and federated learning, our aim was to enhance transparency, efficiency, and sustainability
throughoutthe supplychain, aligning with the Departmentfor Transport's (DfT) priorities. In
this project, we worked with data sources from different ports and explored the potential of
creating a robust Al solution with best-in-class accuracyfor the maritime industryas well
as linking to the wider logistics industryacross transport modality.

Al models trained on
diverse, multi-site dataset
for robustness and

scalability
Project Achievements
In summary, our projectsuccessfullydeveloped a cutting-edge logistics monitoring Conclusions
solution thataligned with DfT priorities, promoting economic growth and increasing In conclusion, our projectsuccessfullyproved the conceptand generated valuable
globalimpact, positing UK as a global leaderin utilising Al for the transportand outputs on the abilityto using diverse datasetto improve robustness of Al solutions
logistics industry. Key achievements include technical viability, data privacy, and that have the potential to transform the logistics industry. The project not only
security, while notable activities involved real-world data processing and collaborative achieved its primaryobjectives but also provided critical learnings aboutthe technical
efforts with industry experts and stakeholders that RoboK would nothave had the feasibility, privacy, security, and change managementaspects oftechnologyadoption
opportunity to engage with. This project represents a significant step forward in in logistics. We gained confidence in producing industry-s pecific models that have
addressing critical challengesin the logistics sector while embracing technologyand wide applicability, These insights will guide future developments and the broader

inclusivity. adoption of technology-driven solutionsin the sector.

Next Steps and Future Measures of Success

The immediate next steps for our projectinvolve expanding live testing in diverse logistics environments to gather more data and fine-tune the solution based on real-world
feedback. We are actively pursuing collaborations with logistics partners and technologyproviders to ensure successful integ ration and deployment. Engaging with interested
commercial customersis a priority, aiming to tailor our solution to their specific needs and explore potential partnerships. Securing additional funding is crucial to supportthe
scaling, marketing, and widespread adoption of our solution.
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The Algorithm People Ltd

Project Summary
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Project Achievements Conclusions

The outcomes of our project directly address DfT's priorities We ha_tve _demonstr_ated poten'gial r_nileage ar_ld e_missions savings through specific

combinations of freight consolidation spanning inbound supermarketroll cage

+ Capitalinvestment, recruitmentand service provision atlocal level >> benefits deliveries, palletnetworks and parcel deliveries using vans and lastmile cargo bikes,
localeconomy in tandem with existing freighthubs and Click & Collecthubs.

* Agnostic, edge of city consolidation hubs >>intermodal transfer from diesel Hubl's CoolRun roll cages remove all transportrefrigeration emissions, increase
HGV's to LCVs supporting LEZ/ULEZ compliance; HGV operation on SRN not vehicle payloads, supports fleetelectrification, inbound & outbound goods, ambient
LTN, quick turnarounds and return loads, improving fill rates and efficiency & chilled in same non-refrigerated vehicle.

+ Outcomes &IP are globallyexportable The Algorithm People's Al-driven algorithms and machine learning capabilities

were demonstrated to improve delivery efficiencies by >20%. There is potential
to double this with additional consolidated freight, mobile hub & CoolRun features.

Next Steps and Future Measures of Success

Having established a variety of key operating parameters and constraints, The Algorithm People would be open to utilising this knowledge to supporta consortium of operators who
would be interested in carrying out a real-world trial. We have demonstrated that The Algorithm People’s advanced Al algorithms are capable of optimising routing and sequencing
plans for delivery of consolidated freightacross a number of collaborating operators, which would place us at TRL level 5 or 6.



UNIVERSITY OF
CAMBRIDGE

The University of Cambridge

Project Summary

This projectconcerns developing and validating a novel data-driven approach to
assessing carbon-saving benefitof decarbonisation interventions to Heavy Goods
Vehicles (HGVs). The approach avoids the long-time in-service trials currently
practised by HGV fleet operators and excludes the uncertainty caused by a variety of
operating factors such as, driver behaviour, payload, road elevation, weather, traffic
etc. The approach was validated using independentcontrolled wind tunnel
experiments and test-track experiments. The proposed approach can help accelerate
the decision-making of HGV fleet operators regarding the adoption and deployment
of decarbonisation interventions.

Project Achievements

The data-driven assessmentapproach developed and validated from this project
takes advantage of the high-resolution HGV operations data provided by the vehicle
Fleet Management System (FMS) interface, and features mining for dynamically
comparable driving conditions from real-world HGV operations while excluding the
influence of various operational factors thathave been confounding conventional
analysis.

In this project, the fuel-saving benefitof an optimised cab deflector design was
guantified by using the proposed data-driven approach to the high-resolution data
collected from the two HGVs during their real-world operations over a period of 3
months. One of the two HGVs were fitted with the optimised cab deflector ofinterest
whilstthe other with a default (baseline) cab deflector. These two HGVs were also
experimented in a controlled environmenton a test track. Results derived from the
controlled experimental measurementwere found agreeing very well to those
obtained from the real-world analysis using the proposed data-driven approach.

Next Steps and Future Measures of Success

The Future of Freight

N
Cross-comparison
and Reasoning

Simulation with HGV Fuel
Consumption Model

-

I"*TW*::_ >>>>>
= ‘

" f
In-service Testing ) Data-driven
using ‘SRF Logger’ Assessment

SRF Logger Eymmlcn{ Data-mining

7
a Robust Fuel-saving
P Quantification
1 : HGV
Test HGVs e
] Operators
. J ')
Low-cost

Wind Tunnel Testin

Controlled
Test-track Testing

7
o Step 1 ’ Step 2 6 Step 3 s

Conclusions

A 3.8 to 6.6% fuel-saving benefitof the optimised cab deflector, compared to the
baseline deflector was identified in the motorwaydriving condition under a vehicle
weightof 32 t, through applying the proposed data-driven assessmentapproach to the
high-resolution in-service data. The controlled experimentresults showed thatthe HGV
with the optimised cab deflector enjoys a reduction of aerodynamic drag by 11.69%,
which suggests a5.6% fuel saving for an HGV of the same weightand inthe same
motorwaydriving condition. The fuel-saving results obtained from the two independent
analysis matched very well.

Two tasks are expected to be carried out in the next stage. The firstinvolves extensively validating the data-driven approach developed from this projectacross a variety of HGV
decarbonisation interventions. The second involves establishing a universityspin-outfocusing on exploiting the data-driven approach and selling a minimumviable (MVP) software
toolkit that supports HGV fleet operators’ decarbonisation initiatives through proving timely, accurate and reliable assessment of carbon saving analysis.
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Aegis

Project Summary

Surrounding environments are increasinglyafflicted with elevated levels of particulate matter (PM)
pollution. The mostconcerning is fine particulate matter, known as PM2.5, which presents significant
health threats.

Our project's core ambition was to progress a groundbreaking microalgae-based technologyfrom
TRL2 to TRL 4/5, tailored to cleanse the air by specificallytargeting PM2.5 and CO,. Unlike traditional
photobioreactors (PBR) used for culturing microalgae, our innovative approach markedlyreduces
water consumption.

Furthermore, we are committed to trialling this system under authentic conditions to comprehensively
gauge its efficiencyin filtering and transmuting both PM2.5 and CO..

Project Achievements Conclusions

Centred on the innovative microalgae technologydevised by our associate, Syklea, The endeavour has commendablytransformed a nascenttechnologyinto a fully
we've successfullyengineered a functional air filtration prototype. functional prototype, rigorouslytested across varied scenarios.

This prototype seamlesslyintegrates theirtechnologyand boasts areal-time Regrettably, the outcomes of our testing and analyses have deviated from our
monitoring system for performance and operational tracking. preliminaryanticipations.

Through collaborations with esteemed partners, including EMR, the University of However, these insights will serve as invaluable cornerstones, steering refinements in
Birmingham, and TfL, we've tested the system in genuine as well as simulated the technologyfor impending advancements.

settings.

Additionally, the laboratory-based and data analyses have facilitated the in-depth
characterisation of our results.

Next Steps and Future Measures of Success
In collaboration with us, our partner Syklea will persistentlyrefine their technology, endeavouring to unlock the full potential of microalgae.
AEGIS remains committed to devising solutions for air quality, an issue of paramountimportance in numerous environments.

Our experience with TRIG has notonly afforded us the opportunity to experimentwith groundbreaking technologybuthas also s etus on a trajectory dedicated to addressing this
challenge.



Local TransportDecarbonisation

Beryl
Project Summary

Beryl’s project aim was to provide a proof of conceptlive dashboard showing impacts/near misses thatoccur
on the streets to identify the majorityof cycling incidents thatgo unreported.

We operate micro mobilitysystems across the U.K. (13 cities) with over 10,000 vehicles active on-street.
Through this projectwe worked with ourin-house firmware engineersto analyse all sensor data available
through our smartunit(GNSS, accelerometer, IMU, Dynamo pulses, motor control and speed sensor)
and using Al technologies, soughtto train models thatcan recognise a journeythat included an accident
or near miss.

The projectaddressesthe local transportdecarbonisation challenge to make targeted improvements to
highwayfacilities to encourage cycling trips, removing significant polluting vehicle trips from our roads.

Project Achievements

1. Undertake firmware engineering in orderto analyse sensor data that is available to us
through our smartunittechnology.
2. Develop the firmware data to extract and communicate thatinformation back to our

Conclusions

The projecthas allowed Beryl to kickstarta core business objective of

cIoud-baszIe(d systems. . . hi . h hati improving safety for our riders and influencing infrastructure decisions for all
3. Undertake software/database engineering tq store this data inaco erentway sothat it road users. Dedicating time and resources to this projecthas allowed us to
can be analysed by ourselves and/or third parties (Al technologies) o broaden our knowledge of current data capture and learn the complexities of
4. Train models to identify these incidents in the context of all the other data (making it training Al models.

more likely to be accurate).

5. Data dashboards, summarising and accidentand near miss data drafted and shared
with transportand local authority partners. Dashboards finalised after discussions with
transportand local authority partners

Successfulin developing concepts and making milestones thathave taken
similar projects years to reach, with a dedicated roadmap to bringing the
conceptto local authorities withinthe next 12 months.

Next Steps and Future Measures of Success We have received strong interestand began collaborating with our council partners (Norwich, BCP and
Brighton) on currentmethods ofreporting accidents to identify the gaps our project will look to fulfil. Becoming a
« Designing architecture for incident detection and follow-up part of council policy looking forward and enabling them to unlock further funding for projects.

flow. . . o Moving forward this improvementto our smartloT unit will be available to all future partners and will enable
’ Implem.entlrlg r_lder |nC|dentf9IIovy-up flow o more cities in the U.K. and worldwide to benefitfrom this data. This improvementwill enhance our capabilityto
* Active riderincidentform to riderjourneys whichinvolved remain a marketleaderin micro mobilityservices in the U.K. and will also act as a differentiator as we look to
an incident expand our service to Europe and the US over the next 1-2 years. The tendering process thatwe have to
* Rolloutsample fleeton 50 bikes to train Al models undertake to win new contracts (new cities / regions) has a heavy emphasis on safetyand these improvements

*  Over-the-air updates to all vehicles will enable us to compete favourably and win more contracts in the U.K. and EU / US.



BetterBicycles.org

Better Bicycles Ltd

BRIEFBIKE — A BETTER E-BIKE FOR CITY TRANSPORT

Project Summary

We aim to my cycling more convenientthan driving for every urban
journey.

Our vision s a bike that folds instantlyand effortlessly, much like an
umbrella, as easyto walk with as a roller case, stores flatagainsta
wall, and with integrated cargo options that don’taffect the ability to
move easilywith the folded package.

Project Achievements

We had previouslydemonstrated and patented our innovative folding mechanism that
unfolds in justhalfa second. This projectinitiallyfocused on using mechanism
optimization to make the fold more compact, while also improving the handling and
adjustability of the bike. This work was very successful; the folded package is now
within the 700x500x300mm standard luggage size thatallows itto be transported on
almostall trains around the world. It is also considerablythinner than the 300mm
dimension, making its folded volume less than halfof the current bestin class onthe
market.

The design has been styled and a 3D printed demonstratoris being built.

Next Steps and Future Measures of Success

Local TransportDecarbonisation

Conclusions

This projecthas proven the viability of the BriefBike design.This progress has
unlocked further funding of £50k from Innovate UK and the demonstrator under
construction will be used for presentations to equityinvestors.

The next step will be to further refine the folding geometry, with ride handling and impacttests completed, and then create a working prototype which can be
used for a reward-based crowdfunding productlaunch. The TRIG program has been vital in de-risking this stage ofdevelopment.



BLUMARBL o

BluMarbl

Project Summary _ 207t , o8
Coachtravel is a vital and sustainable means oftransportation, facilitating access to education, _ 10570 _‘F% 9-' 3 "|||||
holidays, and combating social exclusion. Despite its eco-friendlyreputation, the bus and coach —

industrycontributes 3% of UK domestic transportemissions. Transitioning to Zero Emissions (ZE) is
challenging for operators, especiallyconsidering the long-term fleetrenewal process. The industry,
often comprising small, family-owned businesses, lacks resources and knowledge in ZE technology.
A place-based approach recognizes the unique challenges faced bydifferent areas in achieving net-
zero transportemissions. Our software simplifies complexityfor operators, offering data and business —

models thatdemonstrate the feasibilityof Zero Emission solutions. i T

Project Achievements

The projectfocussed on the integration and loading of operator data, creating models to
analyse usage patterns with Zero Emission Vehicles (ZEVs), and determining the necessary
charging needs.

Thanks to its partnership with Connected Places Catapultand the backing of the Catapult
program, BluMarbl gained entry to a substantial datasetfrom over 10 operators. This dataset Conclusions
was instrumental in testing and enhancing the software, bringing itto marketreadiness.

We can proudly affirm that our initiative has successfullycome to fruition. The

Durin_g the project_BIuMarbI engage_d in partnerships with electric vehi_cle manufacturers Yutong developmentofour online data verification tool is transforming the lands cape of
and Irizar, alongside batteryspecialist Zenobe, to aggregate and provide a valuable knowledge coach operators'transition to zero emissions fleets, making ita more accessible
resource for coach operators operating in the United Kingdom. process.

Most notably, this tool has revolutionised the approach by individuallymodelling each operator,
debunking the outdated practice of extrapolating results from a selectfew larger operators in
specificregions. Ithas levelled the playing field, enabling operators from diverse backgrounds
and geographical locations to benefitequally.

This tool, now TRL 4, empowers coach operators bystreamlining the upload and
analysis oftrip data, telemetry, and vehicle performance metrics. It not only
considers historical data butalso incorporates route specifics, depotpower
availability, and data from diverse online sources, enabling the creation oftailored
This has resulted in ourtool being used by 6 operators in Scotland to build the businesscaseto transition plans for every operator.

apply for funding to buy 15 electric coaches.

Next Steps and Future Measures of Success

The next steps are to secure the technical architecture behind the platform so that it can scale up and to tweak performance to ensure customer satisfaction. BluMarbl has signed arevenue
generating partnership agreementwith Zenobe and is in advanced talks for the same with other financiers and manufacturers. BluMarbl is also talking with the RHA (Road Haulage
Association) to see if the toolsetcan be of interestto their membership. BluMarbl has been approached byseveral operators in England looking to understand how ZE can work for them and
will be looking to engage with them presently. We are aiming for subsidyfrom ScotZeb?2 to further develop an operational side to the platform. We also require funding to hostthe platform
and further leverage the industrydata we have collected butthe source of this has not been identified yet. The TRIG program me has provided us with useful knowledge in scaling up and
contacts with policy makers as well as the opportunityto get to market.




boundlersr Local TransportDecarbonisation

maobility

Boundless Mobility

Project Summary

The projectset out to use on-board sensors combined with machine learning to capture imiH mOAD e
and report road surface data as well as identify rider behaviour.

The projectlooked at Local TransportDecarbonisation and more specificallyImproving

Transportfor the User. The projectaddressed these challenges bydemonstrating the o ot
ability for the Boundless smartelectric bike to identify changing road surface conditions

and obstacles such as potholes and speed bumpsin real time. Aggregating this data

across afleet of bikes would increase cyclists’ awareness of potential dangers and

enable local transportauthorities to identifyareas with poor road surface quality. The

projectalso demonstrated the abilityto detect differentrider behaviours (e.g. hard

braking). This information could be used to train riders on safe cycling as well as inform

users,in particular fleetoperators, on frequency of predictive maintenance activities. fesn

Project Achievements Conclusions

The projectwas divided into three main workstreams: . The projectsuccessfullydemonstrated our abilityto use data from bicycles to
1. Exploration - We identified viable hardware and software tools. identify road surface qualityand rider events. We successfullymoved the

2. Data collection - We identified the events we wanted to detect, a mix of continuous projectinto TRL4.

events (road surface quality), and discrete events (potholes, hard braking, speed . We were not able to integrate the hardware directly into the bicycle, but we
bumps). We then collected the data using smartphones with the Sensor Logger have furthered our understanding of the existing hardware capabilities, and
application fitted to several bicycles. hardware requirements for a future prototype.

3. Machine learning - We classified events, and builta machine learning model using . Being part of the TRIG programme gave us the opportunity to explore this idea
a convolutional neural network. The model classifies events at87.8% accuracy and further and dedicate resources to do a technical research projectalongside
we tested this using raw data. The results can be seenin the video here. developing the business.

Next Steps and Future Measures of Success

. Increasing our data sample size with an expanded test programme deploying multiple riders.
. And using this toincrease accuracylevels to a target of 95%.

. Expand the scope of road surface qualities and rider behaviours we are able to capture.

. Consulting with potential collaborators (e.g. fleet operators, local councils) to understand effective ways of deploying our technologyfor the benefit of end users).
. Securing follow-on funding to progress beyond TRL4.


https://www.youtube.com/watch?v=qenay4IsuDE
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Project Summary

The Rail Industry aspires to remove all Diesel trains from the network by 2040. 3
During the transition phase there is an opportunitydeliver environmental and , =

® |

economic benefits bymaking better use of existing data and applying these insights
to operational decision making.

Co g

This project, focussing on the Local Transport Decarbonisation challenge involved
the developmentofa mathematical model to simulate the operation ofa Class 156 e :
train across the Newcastle-Whitbyroute. Through modelling the complex o o
relationships between the variables which impacttrain performance, we can oz -
calculate the theoretical fuel consumption and subsequent CO, emissionsrelated to : S
a specificjourney.

Project Achievements Images showing the fuel consumption modelled by different driving styles
The project provided an opportunity to collaborate w ith industry partners to experiment and

develop this PoC. We actively engaged w ith potential end users throughout the projectto ensure

w e were always focussed on delivering value and insights that could be of use. Conclusions

We identified 4 use cases this PoC w ould specifically focus on as part of the Requirements

Specification, and w e focussed on ensuring that these produced viable and useful outputs w hich The project demonstrated it is viable to mathematically model the complex relationships
could be used to explore the next steps and provide further improvements to the model. betw een the variables that define how the train operates and interacts w ith its environment to

The model focussed specifically on a section of route w here the Operator is trying to implement calculate estimated fuel consumption and CO, emissions.

improvements. This enabled us to engage w ith the right people to develop a good understanding Further w orkis required to test and validate thoroughly, but in its currentform, it is useful for
of user needs. engaging in discussions supporting operational decision making. E.g. the model illustrated that

We successfully engaged 5 organisations to assist w ith the delivery of this project, w ithout w hom differing driving styles can have differing fuel consumption and emissions. _
w e would not have been able to deliver these results or engage in discussions for next steps. A project like this requires collaborative w orking with Industry representatives, subject matter
experts and technical delivery partners to ensure that the outputs are usable and useful.

Next Steps and Future Measures of Success

We are in active discussionsto develop the model furtherwith the Train Operating Company. Specifically, there are two new work streams:

1. To expand the use case around Driving Styles by looking at other sections ofthe route where there is variation in driving style that could impactconsumption and emissions

2. To expand the use case around emissions modelling to look at the contribution of differenttraction types in and around Manch ester Victoria Station

We would also like to continue to develop and improve the base model by further testing and validation (with real data) and mnsulting with subject matter experts to model the
variables that we have not yet been ableto. The TRIG programme gave us the opportunityto bring together an experienced and diverse team who contributed to this project. This
enabled us to bring together expertise, background knowledge and capabilityto build the modelling tool. Directengagementwith potential end users also meantthatwe focused
our PoC on use cases which had the potential to deliver value as part of this project.



edge

Edge Innovation Ltd

Project Summary

potential to package learning from rural car clubs to create new and improved processes for C 0

other communities.

Using human-centred design to build 'car club in a box for application in other parts of the UK. C C I |

Project Achievements

This collaboration programme with Derwent Valley Car Club (DVCC) aimed to research the

The projecthas researched the key challenges related to transportand mobilityin
rural areas.

Involved over 45 hours of engagementwith 15 organisations from DfT to local
communities.

Has highlighted a need for alternative transportsolutionsin rural communities and
in some deprived urban locations.

Created partnerships with communities and local authorities who wish to trail new
alternative zero emission solutions yetthe lack the knowledge and capacity
implement..

A new brand has been created and the compiling ofthe necessarydata and
supportpackages to move the conceptforward.

Next Steps and Future Measures of Success

Local TransportDecarbonisation

Conclusions

This programme has been successful atvalidating the need for supporting
communities with the knowledge, skills and systems to create communitycar clubs
fasterand more sustainably. The engagementlevels and interesthas surpassed
expectations and further validates the interestand demand in the area for
alternative transportchoices in rural communities.

To bring the programme to commercialisation further investmentis required into the technological and legal aspects ofthe so lution.

The TRIG programme has enabled access to new partnerships and directaccess to key officials within the Department for Transport. The research has led to a clear and identified
need and commitmentfrom communities and local authorities with a number of areas committed to piloting the conceptin their area.

We plan nowto move to commercialisation bysecuring funding to develop the technological and legal aspects ofthe package and pilot a proof of conceptwith projectstakeholders
before moving to fullcommercialisation.



SIONA

IONA Logistics Ltd

Our twin projects, funded by Connected Places Catapult, focused on automating key
elements ofdrone logistics: Battery Swap and Parcel Dispatch. The Battery Swap system

aimed to enable continuous drone flights byautomating batteryreplacement, overcoming the

challenge oflimited drone endurance. Concurrently, the Parcel Dispatch projectsoughtto
decentralize and automate cargo handling, addressing inefficiencies and emissionsin last-
mile delivery. Both projects targeted creating a more sustainable, scalable, and efficient
logistics network, drasticallyreducing the industry's carbon footprintand enhancing service
accessibility.

Project Achievements

Focus: The project primarily aimed to automate and optimize drone logistics in two
key areas: autonomous battery swapping and automated parcel dispatch. The
objective was to meet DAL-B aerospace standards, enhancing drone endurance
and operational efficiency.

Main Achievements:

* Successfully developed and lab-tested a prototype for automated battery
swapping thatmeets stringentaerospace standards.

* Implemented an autonomous parcel dispatch system to streamline logistics and
parcel handling.

Programme Highlights:

* Collaboration with The National Robotarium provided access to a highly skilled
talent pool, driving innovation and quality.

* Achieved pinpoint landing accuracy and incorporated weather-resistant
structures, thereby elevating the system'’s efficiencyand reliability.

* Introduced Al-driven automated drone inspection to minimize downtime and
improve operational performance.

Activities Undertaken:

* Extensive R&D for system design and Al integration.

» Collaborative brainstorming to tackle technical and business constraints.

* Feasibility reports and computer models to validate the approach and inform
future development.

Local TransportDecarbonisation

Conclusions

The projects successfullyproved the feasibilityof autonomous batteryswapping and
parcel dispatch for UAVs, meeting DAL-B aerospace standards. In collaboration with
The National Robotarium, we produced feasibilityreports and preliminarydesigns,
advancing our aims. We also discovered value in optimising for modular UAV
compatibility. The success attracted additional private investment, validating the
project's viability and future potential.

Next Steps and Future Measures of Success

The next stepiis live testing, supported by our recentapplication to the Connected
Places Catapultaccelerator and signed LOIs with UK logistics providers for
commercial trials. We're actively seeking additional funding from private investors,
who've shown increased interestthanks to TRIG’s foundational R&D support.

The TRIG programme significantlyaccelerated our project's journeytowards
commercialisation and helped attract otherwise risk-averse investors to our hardware
start-up.
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Lancaster University

Project Summary

SoRADASH has developed a Societal Readiness Assessment (SoRA) Dashboard for self-
assessmentofsocietal readinesslevels (SRL) and improvementofthe societal readiness
of decarbonising transportprojects in the UK and internationally. The aim is to increase the
quality of decarbonising projects interms of carbon reduction, social justice, social impact
and fit for a decarbonised future, and thereby facilitate appropriation. SoORAis designed to
complementand challenge Technologyand Market Readiness Assessment.

Project Achievements

SoRA focuses on improving and de-risking efforts to decarbonise transport. The IPCC and
the UK Climate Change Commission agree that 40-70% of the green transition need to
come from social change. Worldw ide £150 trilion has been pledged to tackle carbon
emissions, £1.4 trillion in the UK. How ever, social change is difficult to leverage and many
projects fail, often at huge cost. SORADASH helps funders, investors, local authorities,
solution developers, designers, planners, individuals, communities, and researchers to
increase the societal readiness of projects designed to decarbonise transport.

Designing SoRADASH through extensive stakeholder engagement and collaborative
design is a major achievement of the project. Through involvement of sustainable transport
consultants, small and large design and master-planning firms, local authority sustainability
officers, Third Sector Groups, youth and community climate advocates, w e have enabled
greater competitiveness, better products and services, and less risky investment of time
and resources. External parties like NESTA have contacted us to discuss SoRA.
Researchers at Taiw an’s National Yang Ming Chiao Tung University use SoRA in case
studies in Taipei and Sydney.

Next Steps and Future Measures of Success

Local TransportDecarbonisation
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Conclusions

Assuming 27% ofthe £1.4 trillion pledged for a green transition in the UK is spentto
tackle the 27% share of transportemissions, itwould seem worthwhile to investat
least0.1% on increasing the societal readiness of decarbonising transport projects.
Leveraging such a social turn needs supportthrough a standard systematic
methodologythatboosts creativity and social justice. SoRAand SRL are designed
to complementand challenge innovation thathas, so far, shown an over-reliance on
Technologyand Market Readiness Assessment, with manycostly failures. Investing
just0.1% of investmentin developing societal readiness could be transformational.

SoRADASH has already been live testedin the context of pilot projects. Stakeholders have told us that it has proved ‘critical for development of better vision-led planning’ and ‘'management of dissent’. It is
also ‘really good to get really quality output, w ithout spending a heap of money you don't have’, it enhances actionability and accountability in terms of social justice and social impact.

To take SORA to the nextlevel, w e need to develop SoRA tools or ‘instructables’ that are more stand-alone and develop a service-model that can support consultancy. There is also scope for further
research onresearch questions like: How does measurement of societal readiness levels change public procurement of solutions designed to decarbonise transport? We are seeking follow -on funding

through a range of different routes, including further research.

The TRIG programme has provided resources foran intense sprint of development formTRL3 to TRL6, access to an amazing netw ork of fellow innovators, and invaluable leadership, guidance, and

support through the maze of opportunities.



optimal -
Local TransportDecarbonisation

cities.

Optimal Cities F T R .

_ cities
Project Summary
GapFinderwas developed with healthy outcomes as its core principle. By A ; ) A
harnessing the power of satellite imagery, GeoAl, authoritative data and transport ROAZSSIRENR G F d
modelling, we created an intuitive tool for planners and developersto simplifythe \H TSNP q p I n e r
decision flow for healthy planning and quantify impact. , S :

GapFinder helps identifywith simple maps where and how to decarbonise local " i e %) Decarbonise transport.

transportby locating priority areas to expand or improve non-motorised s s . o2
infrastructure development, public transport, EV and green infrastructure. Prioritise I'Vab'"tY'

Project Achievements Conclusions

The projectfocused on progressing the TechnologyReadiness Level from conceptto Decarbonising transportis challenging, butit is important. Decarbonising must consider
validationin three different sites in England. The main achievements were creating multiple aspects: socio-economic, environmental, technical, public health and planning
geointelligence models and focused user-centricinterfaces to easilydetermine context. The project produced three pilots in rural and urban setting, proving the
prioritisation areas forinfrastructure and public health improvements. Highlights ofthe conceptthat GapFinder can be used in multiple settings and for a variety of users and
projectinclude creating automated geospatial models to interpretsatellite imageryfor use cases.Keylearnings achieved during the projectwere that: (1) making insights
decarbonisation purposes, collaborating with local authorities and government quantifiable is key, and (2) continuous engagementto make the tool intuitive for all
agencies, establishing partnerships with companies with a UK and global reach in over relevant users is atleastas importantas developing the tech behind it and generating
60 countries to supportthe adoption and expansion of GapFinder and defining and actionableinsights.

applying a go-to-marketstrategyaligned with the upcoming regulations.

Next Steps and Future Measures of Success
The next steps are: (1) expanding with more pilots throughout UK and (2) securing funding and contracts with early adopters fom the private and public sector. We already signed

MoUs with major companies from AEC and sustainabilitysectorto getGapFinder to the marketand expand the range of calibrations relevantto the technical evidence base and
monitoring required in urban and transport planning. We alreadyhave interested commercial customers, working on calibratingGapFinder for their specific geographies and use
cases.We are aiming for six to seven-figure further funding to increase the TRL, secure IP and new tech and sales hires as wellas match funding for innovation projects supported
by InnovateUK and the ESA. The TRIG programme has been essential in developing our technologyand creating a strong business case for a self-service SaaS platform thatonce
adopted can free up to 80% of the time spend by planners on analysis and contribute to reducing socio-economic costs caused bythe transportsystem, currentlyestimated at

£49,9Bn/yr in UK alone.



OTHER WAY

Other Way — Project Abacus

Project Summary

» Project Abacus setout to tackle this question:

“How can mobility businesses use accurate and engaging carbon data to
drive adoption of decarbonised transport solutions?”

+ Other Way's software offers mobilitybusinesses accurate carbon footprintdata
and shows them how to embed this into their products and services. Project
Abacus built and tested a framework for converting carbon footprint calculation
into an actionable reportand labels for clients.

* Indoingso, Other Way has learned aboutthe state of carbon footprint data use
today and the opportunities for mobilitybusinesses to build climate action into
their proposition.

Project Achievements

Project Abacus achieved three specific outcomes:

1. Enhance the UK’s knowledge ofhow accurate and engaging carbon data can be
used by mobilitybusinesses to decarbonise transportfaster. Working with Fareham
College and the University of Edinburgh, Other Way has created a white paper
informing the sector on how to use carbon data in 2023.

2. Deliver a Proof of concept to two clients. Carbon data sprints were successfully
delivered for two highly innovative businesses — Onto (electric car subscription)
and OurBike (cargo bike rental fleets).

3. Prepare Other Way for commercial scale ofthe solution. Other Way now has a
transport carbon data framework formed and tested with real clients.

Next Steps and Future Measures of Success

Local TransportDecarbonisation
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Conclusions

Businesses wantto communicate sustainabilitybutdo not have the means ofdoing so
effectively. Challenges are numerous butthis projecthas identified ways to overcome
them.

Our survey of 100 differentcustomer propositions across Europe found that47%
describe their vehicle or journey as “sustainable” on the home page. Yet, only 16%
offer the carbon footprint of that productor service.

It's not all aboutlabelling - behaviours are not driven by data alone but considered
displaying of data supports positive decision making.

The “green glow” effect appears to be one key approach thatplays on post-decision
satisfaction.

The greatestsuccess for Other Way has been the opportunityto learn closelywith real businesses. This has helped identifyn ext steps in turning the data frameworkinto a
minimum viable product. There are two immediate nextsteps the founder will be taking forward, the combination ofthese steps brings Other Way fasterto commercial viability.

1. Marketing: to disseminate the white paper. Other Way is attending and speaking atfive conferences over the coming three to sixmonths and intends to have a reach of 10,000
individuals. This both educates the UK sector as well as drive interestin Other Way's product.

2. Product-Market-Fit: to testthe data framework with the live APl and to extend the carbon data sprintto 5-10 businesses and organisations by Q1 2024.



SLiINGSHOT

SIMULATIONS

Slingshot Simulations

Project Summary

The RAPIDD (Rapid Assessmentof Plans for InvestmentDecisionsin

Decarbonisation) Digital Twin projectsuccessfullydemonstrated thatan easyto use,

intuitive digital solution can be used to supportlocal transportdecarbonisation

initiatives and to rapidly optioneer:

» Aggregate relative regional carbonimpactoftransportdecarbonisation policyoptions

« Streetlevel emissions

» Correlation ofchanges in streetlevel emissions with local building EPC ratings,
sensitive locations (hospitals, schools) and indices of deprivation to better judge the
justness ofthe intervention

It was demonstrated how key barriers to digital twin adoption (data deluge, siloed

analytics, lack of skills) can be overcome.

Project Achievements

The RAPIDD digital twin projectenabled the solution to progress from conceptto a
commerciallyavailable capabilityembedded in Slingshot Simulations Compass:
Engine™ place-based decision intelligence product. By collaborating with Goleyo
(transportmodelling experts) and Leeds City Council (proxy customer) the solution
captures bestpractices and addresses an end customer defined problem with
scalable applicabilitylocally, regionallyand nationally.

Of significantnote is that the developed capabilities contributed to the inclusion of
the Compass: Engine™ productin the West Yorkshire Combined Authority's
(WYCA) successful bid for £200k funding from Defra’s 2023 Air Quality Grant
scheme forlocal air quality monitoring . This, combined with anincreasing pipeline
of commercial opportunities foran SME in the north of England are contributing to
the growth and levelling up of the economy.

Next Steps and Future Measures of Success

Local TransportDecarbonisation
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Conclusions

The RAPIDD Digital Twin projectsuccessfullydemonstrated the abilityof a digital, place -
based decision intelligence solution to supportthe faster, lower costimplementation oflocal
transportdecarbonisation policiesand do soin a holistic, more equitable wayin context of
socio-economics and other critical initiatives such as local energytransition and housing and
building regeneration.

The projectalso highlighted the opportunityfor the UK to take a global leadership positionin
the developmentand application of digital place-based decision intelligence solutions and
has directly contributed to the commercial business growth and pipeline developmentfor a
high-tech software companybased in the north of England.

Challengesto the accelerated adoption ofinnovative digital solutionsin a public sector
context remain and the ongoing supportofthe Connected Places Catapult, DfT and others is
critical if we are to deliver the pace of change climate change demands.

Continued developmentofthe released capabilityis planned and this includes APl based integration to “real time” air quality sensor data (required by the Defra Air Quality Grant
Scheme funded projectwith WYCA) and with “real time” traffic sensordata. Future measures of success include commercial business pipeline developmentand commercial
adoption of the solution, along with end user driven use cases to shape and prioritise the developmentroadmap and release plan. The TRIG22 projecthas enabled the acceleration
of the capability from conceptto commercial product. Postprojectcompletion stepsinclude the developmentofsales and marketing collateral and a marketing campaign based on
these materials. Slingshot Simulations would like to place on record our sincere gratitude to the TRIG22 stakeholders and cohortmembers for his opportunity.
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University of Birmingham R

Project Summary

Automation systems were introduced as appropriate approachesto reduce carbon emissions
for train operations. However, the UK rail has a long way to build fullautomation. DAS is
perceived on the transition pathwayfor train automation. A significantenergyreduction has 22 22
been demonstrated and achieved from previous work completed bythe projectteam using a 30 seconds iaer,changeto COAST 30 seconds ister, change to COAST
prototype system.However, drivers from differentbackgrounds perform differentlyon the use of r——

DAS. The aim of this project is to identify the drivers’ requirements on the use of DAS, propose
and verify a solution toimprove the system performance and reduce train energyconsumption.

aovce  CRUISE ~ AVce  CRUISE

Project Achievements

This projectincludes the developmentofa DAS solution aimed atreducing traction
energy consumption. The solution considers driver requirements and seeks to Conclusions
maximise acceptance while improving user trust. To achieve this goal, the project
team consulted with various individuals in the rail industryregarding DAS use and
development. Based on the feedback received, the team developed a DAS system
based on a prototype DAS system previouslydeveloped and validated through field
trials in both the UK and worldwide.

The outcomes ofthis projecthave the potential to significantlyreduce the energy
usage forrailway transportation. The developed DAS has demonstrated its potential
benefits through field tests showing a up to 11% reduction in energy consumption.
Based onthe saving,approx. £70,000 of the annual traction bill can be reduced ona
singlerail line. Considering the number of railway network in the UK and worldwide,

The new system underwentverification and further adjustments in alaboratory the potential saving would be even larger. Furthermore, the new DAS solution aimsto
environmentat University of Birmingham. Furthermore, a trial test of the DAS was enhance the knowledge and improve the skills forhuman drivers, rather than use
conducted on a real tram line to further assess system performance. The testresults automation machines (e.g., ATO) to replace them.

demonstrate thatby using the developed DAS, train energy consumption can be
significantlyreduced by up to 11% without affecting journey time constraints.

Next Steps and Future Measures of Success

The developed DAS solution is cost-effective and highlyefficient, making it suitable for widespread adoption on various urbanrail lines with line-of-sightdriving. The projectteam at
the Birmingham Centre for RailwayResearch and Education (BCRRE) is planning to collaborate with railwayconsulting companies to provide additional supportfor Nottingham
Tram, Manchester Tram, West Midlands Metro, and other rail networks, including training courses, field tests, and implementation. The projectteam has also established contact
with experts from Network Rail, Resonate, Hitachi, and other railwaycompanies to furtherinvestigate the application of DAS onthe UK mainline. Regular meetings have been
arranged to exchange knowledge on DAS and advance the technology for the benefitof the UK railway.

Furthermore, the projectteam is planning to integrate new image processing and objectdetection functions into the DAS. Thes e new functions will utilise cameras, lidar, and radar
sensors along with Al algorithms to automaticallydetect trackside signals, potential obstacles, and nearbypedestrians and vehicles. This will provide early warnings to the drivers,
enhancing train safety and improving operational performance.



The Tyre
Collective.

The Tyre Collective

Project Summary

Particulate matter (PM) from Non-ExhaustEmissions (NEEs, tyre, brake and road
wear) impacts our environment, waterways, air quality and health. DEFRA estimates
that 60% of PM2.5 road emission comes from NEEs. This is projected to reach 90%
by 2030, with EVs producing more tyre wear. Without capturing this stealth pollutant,
transportwill never reach zero emissions. The Tyre Collective is spearheading the
capture and monitoring oftyre wear, accelerating the shift towards zero-emissions.

Project Achievements

Our project focused on developing a new prototype to capture NEEs and testing
itin the field. The main achievementwas building a physical prototype, testing it
in the field, and analysing the samples within the timeframe. We collaborated
with the TransportResearch Laboratory (TRL) and Smart Mobility Living Lab
(SMLL) onthe trial and worked with Particle Vision on sample analysis. We
presented our technologyin multiple exhibitions and identified potential
customers to pilotthe new device.

Next Steps and Future Measures of Success

Local TransportDecarbonisation

Conclusions

The outputs of the projectwere to evaluate the feasibilityof retrofitting our
technologyinto a new form, design, build and testthe firstprototype in a relevant
environment. It helped accelerate the idea from TRL 2 to 4. We successfully
developed the prototype and testedit in the field. We experimented with different
materials and geometryoptimisation to improve capture efficiency and reduce cost.
We alsoinstalled a passive samplerto understand NEE composition.

The next step is to run more trials in different environments and iterate and design a more robust, compactdevice. We have s poken with and received interestfrom commercial
customers and local councils to pilotour device. We applied for additional IUK funding to understand customer needs and continue developing the device. This projectis
outside our regular R&D activities. The TRIG programme helped us explore this untapped opportunityand derisk this project, enabling us to reach TRL 4. Our conversations
with Connected Places Catapultand the Departmentof Transporthave also beenvaluable.



NUTO

Taisan

Project Summary

Today's electric vehicles (EVs) have inefficientbattery packs due to heavy passive
parts like aluminium housing, module components, and fixings. Therefore, gravimetric,
and volumetric energy densities decrease significantlyand fail to make efficient EVs.
The costand assemblycomplexity also increase. However, the main challenge is they
use lithium-ion cells which are unsustainable, toxic, flammable, highimpacton
environmentdue to non-clean extraction techniques of cobalt, lithium, nickel and
copper. They also use child labour and pay small amountto do dangerous job.

The projectaimed to demonstrate highlysafe, affordable, and sustainable method of
storing energyin modern mobilitysolutions. Our team built and tested proprietary
sodium-ion batterypack, removing toxic, limited metals. Our battery innovations cover
cell system integration, control, and safety. We simplifyby removing module-level parts,
use lightweightfire-retardantbattery housing, eliminate fire risk and lower cost of
battery pack.

Project Achievements

Our project focused on building 10kWh sodiumion battery pack for micro electric cars.
The pack is designed based on our customer requirements.

* Accurate simulation models are generated and metrics validated at lab-level;

* Our sodiumrion cells are successfully tested at HPPC tests and applied to realw orld
conditions (i.e. WLTP drive cycle). It's confirmed that our cells also add system structural
strength by 30% and reduce the overall cost by 25%;

* As w e show ed our progress to customers, we signed 6 more MoUs w ith automakers,
totaling to 19. We received international orders from USA, EU, Saudi Arabia and India;

* It's World’s 1st Sodium-lon battery pack using “cell-to-pack” and fire-retardant concept

Next Steps and Future Measures of Success

1. TRIG allow ed us to move further on technical milestones of Sample B/C/D using our partner’s facilities to certify our product;
* Tests are the follow ing = Environmental: w ater sealing, vibrations, thermal & Hectrical: drive cycles & Mechanical: impact, strength;

2. The main goal is to commercialise our battery pack design and supply to automakers;

3. We aim to convert our non-binding Memorandums into binding contracts to supply battery packs to OEMs;

4. To do this, we aim to fundraise and expand our team and operations w ithin the UK;

5. Our team plans to develop 2 more battery packs at different sizes: 20kWh and 50kWh, based on the requirements from our customers;

Local TransportDecarbonisation

Conclusions

1. We are convinced that future battery systems must be sustainable and low costin EVs;
2. Our project confirmed that sodium-ion cells can perfectly workas safe, efficient and
affordable energy storage solution using our proprietary technology;

3. “Cell-to-Pack” concept provides mechanical and electrical benefits on pack-level system;
4. Our team managed the project efficiently without any delays. Planning w as important;

5. Customers w ere keen to see hardw are in-person w hich helped us to sign MoUs;

6. The simulation modelling predicted performance and allow ed us to optimise further;

7. We learnt to alw ays have Plan B w hen choosing suppliers;

8. Early plan and strategy are alw ays good to have clarity on the actions;

9. Risk assessment helped us to workout solutions accordingly;
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Hertfordshire UH

University of Hertfordshire

Project Summary

Our project focused on the University of Hertfordshire as a major travel generator outside a city. It
looked at options forreducing car travel and carbon emissions from travel to and within the
University and the surrounding area. There is very limited information on transport options for
areas outside cities and we wanted to use the University to create a template for other major
travel generators in similar places, in particular to explore if it could integrate various transport
offers and become a mobilityhub and whether such options would be attractive to likely users.

Project Achievements

Our project investigated existing travel options and found that the University is alreadyproviding
a number of mobilityservices. It runs its own bus company, Uno, providing bus services across
WestHertfordshire (Uno have been a partnerin this project); it charges for and limits onsite car
parking and runs a park and ride service; it also offers or has offered other mobilityservices
including a basic bike hire service and previously an e-car club. This project ran a programme of
structured interviews with mobility providers, including Enterprise,Mobilityways, Zeelo and
TransportInitiatives (bike hire specialists), with key people in the University and in surrounding
areas. It alsointerviewed staffand students on their attitudes to travel and what theirresponses
mightbe to new mobilityservices.

Key highlights were: Identifying a range of opportunities for new mobilityservices in addition to
existing provision, also good practice elsewhere that could be adopted by the University and by
similar travel generators outside cities. We also found real enthusiasm for new mobilityoptions
from those we interviewed and gained valuable insights on barriers and possible solutions to
individual mobilityoptions and to a mobilityhub as a whole.

Next Steps and Future Measures of Success

Local TransportDecarbonisation

everyone! Uno is the UK's
only university owned bus
company and offers discounted
trips for staff and students!

Conclusions

The projecthas shown thatit is possible to provide good zero carbon
mobilityoptions in places outside cities and thatthese can applyin a range
of places and circumstances. It also identified ways to overcome barriers to
these options plus potential roles for the private sector, travel generators,
landowners and local authorities in implementing these options, supporting
electric vehicles and charging for them and also providing alternatives to
single-occupancycaruse.

The projectmade or revived useful links between the universityand other
organisations which will benefitongoing dialogue between university
students, staffand the wider Hatfield community.

This project has led to fruitful discussions both w ithin the university and betw een the university and outside bodies. There is significant interest in taking forw ard many of these discussions and
to arrange meetings betw een the private sector companies w e interview ed and key people at the University and surrounding area. We envisage existing initiatives and proposals — for example
Vehicle to Grid charging and public EV charging at the University —can be developed as part of these discussions. In addition, the project has helped create a vision of "The Connected
Campus”, to w hich Uno can contribute moves to electrify its bus fleet, develop new partnerships and promote integration of buses with other transport and mobility offers.The TRIG project
findings are a valuable contribution as an important part of the Smart Mobility Unit's wider programme of workon developing options for low carbon transport outside cities. It willfeature in work
w ith the sub-national transport bodies, especially England’s Economic Heartland and Transport East (TE) — indeed we will be running a Roundtable with TE on mobility hubs to build on the
TRIG research. In this it will contribute to the Government objectives of supporting low -carbon economic growthand Just Transitions.
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University of Leeds

A MOBILEENERGY BUFFER UNIT to support
ruraltransportdecarbonisation

Project Summary

This projectassessed the economic viabilityof a Mobile Energy Buffer Unit
(MEBU) technologyfor mobile charging of electric vehicles (EVs)in rural
areas of the UK.

Project site 1: Study area around National
Pig Centre @ University of Leeds

Project Achievements Conclusions

The architecture for our MEBU based on the energy consumption of EVs has been

) ' ' The costanalysis showed thatthe utilisation of MEBU can significantlydecrease the
designed using data from our two rural study sites.

expenses associated with meeting the EV electricity demand ofrural users.
A ‘plug and play of battery systems can now be achieved and, based on the
energy demand of electric vehicles (EVs), the total capacity of a battery energy
storage system can be determined.

Taking the two study sites as examples, our studies showed thatthere is no need
to build a fixed charging station for MEBU.

The construction ofan EV charging network combining MEBU with stationary
charging stations can economicallymeetthe EV charging needs ofrural areas.

Based on this research, MEBU can also fully meetthe charging needs of EVs in
various cities and towns on the premise ofreducing costs and hence have a huge
marketpotential.

Next Steps and Future Measures of Success

Findings of our feasibility study informed end-user needs, economic benefits and market demand hence providing valuable data to develop a route to market strategy for MEBU.
We will work with the NEXUS innovation centre at the University of Leeds to conduct a range of engagement and commercialisation activities, and develop suitable business
models to achieve the greatestimpactand adoption ofthe technology.
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White Motorcycle Concepts

WMC300LM
Aerodynamic First/Last Mile Hybrid Delivery Motorcycle

Project Summary

Work completed creating our police motorcycle (WMC300FR), defining the interactions with other systems within the motorcycle &
producing a 25% aerodynamic gain againstthe standard motorcycle, along with a detachable battery hybrid, producinga 44% CO,
reduction forms the basis for the expansion into another sector on the same platform. Starting at TRL 2 & MRL 2 (Mar 23), by the end
of the project we aimed for this to be TRL 4 & MRL 4 to enable commercialisation in 2024, addressing local decarbonisation and

covering three DfT priorities:

Tackling Climate Change — is at the core of the project, our initial application vehicle has reduced the CO, emissions by44% across

the standard drive cycle. A full electric version will follow by 2026.

Increase our Global Impact — the solution proposed is relevantaround the world, practically reducing CO,.

Building Confidence — increasing the numberof motorcycles reduces congestion.

Project Achievements

* Re-packaging of WMC300FR to open up space at the rearto acceptcargo

* Re-engineeredthe fuel system and electrical system for new configuration

» Create a prototype four battery electricdrive system

* Integrate all changes into a fully operational prototype motorcycle

» Greater understating of electric only running requirements

» Creation of bespoke internal electric drive testing equipmentthatcan be used on
all future projects

» Advanced our customer engagementthrough the developmentofthe prototype

Next Steps and Future Measures of Success

WMC will look to commercialise the WMC300LM by:
1. Developthe demonstration prototype into a production prototype (by May 2024)

Local TransportDecarbonisation

Conclusions

» The final motorcycle can be produced technicallyand commercially

» The projectis now at TRL 5 and MRL 4 It is not possible to complete re;gen through
the current configuration

* The amountof workrequired to produce electric only running is possible and
understood, butwill be developed as part of the production prototype

*  We have a clear plan to take this motorcycle from prototype to production

» Further marketengagementconfirms the requirementfor our proposed product

» ltis possible to create a motorcycle that will safely and functionallycarry the loads
required by our target customerbase

2. Deliver a pilotfleet to understand the capabilities and limitations ofthe WMC300LM operationally (May-Oct 2024) and sell into target customer base (Oct2024 onwards)

3. Target OEMs with the patented technology to achieve environmentalimpactatscale
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Distributed Analytics Solutions Ltd

Project Summary

The mostovercrowded UK train services operate at 187% capacity. This is acutely
felt by disabled passengers; 61% reportlimited space as a primaryconcern.
Overcrowding directly affects customer satisfaction, industryconfidence, and
network profitability.

Distributed Analytics will address congestion with an Al solution called ‘Find My
Way'. Find My Way empowers passengers to plan and adaptjourneys based on
live Computer Vision Deep Learning data. This tool maps congestion atcarriage
scale, serving metrics to a mobile application. Wellinformed passengers can
elevate their own user experience; reducing overcrowding and increasing
satisfaction to rebuild confidence in the rail network.

Project Achievements

Distributed Analytics have delivered the first ever combined ObjectDetection and
Human Recognition Al algorithm suitable for use atscale inrail passenger
experience management. This lightweightsolution is robustand reliable, with a
performance accuracyof over 90%.

A bespoke datasetwas collated and labelled to train this Machine Vision Al, offering
anotherfirst of its kind resource for Al innovators in the rail and transportspace.
This assetaccelerates the development process for future passenger-level rail
Computer Vision technologies — helping Distributed Analytics and other businesses
to apply brand new Al techniques withoutsignificantspinuptime.

Next Steps and Future Measures of Success

Improving the Rail Passenger Experience
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Conclusions

Find My Way has fuelled two firstof theirkind innovations in the rail passenger
experience Al space:acombined Object Detection and Human Recognition algorithm
suitable foruse at scale,and a bespoke labelled passenger and seating imagerydataset
to accelerate future Machine Vision innovation.

This has demonstrated the validity and value of applying Image Recognition Al to the rail
congestion challenge, the necessaryfirststep in an industry wide Al revolution process.

Combined with intensive research into cutting edge Al practices, this work creates a
knowledge and toolsetresource able to supportfuture innovation —illuminating the way
forward for enhancing user experience across UK passengerrail.

The next steps are live environmenttesting and datasetenhancementwith real UK rail CCTV footage. Subsequentdevelopment of the mobile application frontend will then take

Find My Way beyond TRL 4 into a fully commercial product.

DA have greatly benefitted from the networking and business guidance opportunities stemming from TRIG, helping the team to forge new connections and elevate business
planning and strategy. Beyond providing the powerto help innovative new products and technologies commercialize, TRIG brings significantvalue to any organization working to

grow or connect with their peers across both the transportindustryand academia.
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For passengerswith restricted mobilitylifts are essential to access railwaystation platforms. This Move ditecton [ oom]
. . . . P . . . Device Speed - II :::’
projectwill focus on lift services, giving disabled passengers the confidence to use the rail network. Traei T [ ess]
Door Status -5::: I
This project provides the opportunity to demonstrate how a differentmonitoring approach can be Boor OpenTime 0993 w0285 365
more effective, less disruptive and provide a quicker route to maintain assetavailability. Our " j . e
innovation moves from individual assetdata collection mechanisms to a unified monitoring system _ Jig— et
capable of detecting minor changes. Then analysing running signature plusreal time visualisation ‘ Utk Cycies @an) T
whilst performing maintenance activities onsite, delivers innovation for a proactive maintenance Do Creies iR =
methodology.

Project Achievements

The key innovation within this projectis the developmentof hardware which can
read existing internal signals from asset controllers and when coupled with
algorithms capable of detecting minor changesin signal structure as the asset
moves through its normal activity sequence enabling proactive maintenance
strategies to be developed. The aim is to identify/predict the potential cause of
failure before the assetstops and develop a maintenance strategyto improve
reliability & optimise maintenance cost.

We have been able throughoutthis projectto validate the conceptof simple liftdata
collection techniques, together with a userinterface that shows liftreal time and
historic data, with the ability to detect minor changes in running signature and raise
alerts requesting containment/corrective action prior to actual lift failure in service.

Next steps and measures of success

Conclusions

We have achieved the outcomes and outputs we expected. Now, being able to read
outputs directly from lift controllers, our research and developmentwill continue to
develop monitoring technologies thatare bespoke to clients requirements, giving
access to their data, displayed and analysed to suittheir business needs.

The supportwe have received from the TRIG team has been enormouslybeneficial
not justin delivering the project, butin helping us develop our business. There has
been a genuine interestin us being successful, challenging whatwe do and how we
doit.

A key priority is to move forward is to achieve TRL 9, by disseminating our outputs through the Connected Places Catapultand Departmentfor Transport, both have a positionin
the rail sectorand experience in integrating new technologies into complexrail facilities. The Departmentfor Transporthave a key business objective in putting the passenger first,
provides us with a platform for a route to marketby being able to demonstrate we have a remote monitoring system readyfor commercial deployment. To achieve TRL 9, further
testing will be required across a number oflifts to reflect different OEM's age and type. This will be supported by outputs that include demonstrator sites, comparative studies
showing business benefits and expected ROI, technical reports, specifications and installation manuals.

By providing a common communication protocol we intend to extend our monitoring application across all assets across the tran sportinfrastructure have assetcontrollersincluding
lifts, escalators, ventilation/HVAC system identical to those we are monitoring now. Up until our TRIG projectall R&D has been selffunded. To enable us to achieve significant

growth and develop a route to market, we need to seek additional funding.
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Esoterix Systems

Project summary

Monday |

Tuesday
This project, Personalisation in Rail, aimed to categorise rail travel behaviour
profiles. Train Operating Companies (TOCs) will be able to use these travel profile
types to enhance and enrich their assignation ofindividual passengers to their pre -
determined passenger personas. Consequently, their service information and Friday
marketing communications will become more relevant. Messages thatresonate with
the Passengerincrease loyalty alongside travel and will, ultimately, generate more
revenue for the railways. Sunday

Wednesday

Thursday

Saturday

0o 2

The projectaddressesthe DfT’s strategic priorityof ‘Improving Transportfor the
User,’ whilstalso addressing the need to attract and retain passenger custom
following COVID.

Project Achievements

Esoterix analysed the travel behaviour 35,000 rail passengers (as identified bytheir ITSO
smartcard number) from January2022 to July 2023 inclusive. Machine learning techniques
identified 34 usefullydistinctprofile types, varying significantlyfrom regular commuters through
to weekend leisure travellers (see figure).

The correlation of travel profile type to home station location was assessed, challenging the
assumption thatpassengers from the same neighbourhood have similar personas.

Furthermore, the projectdemonstrated how special interests could be ascertained from the travel
profile, potentially enriching the TOC’s assignation ofits generic persona. Passengers with
different travel during school holidays were identified (parents, students and educators) as well
as those using rail for specific leisure or entertainment purposes, for example West Ham and
Chelseafans.

Next Steps and Future Measures of Success

Commuter, flexible morning, flexible evening

Improving the Rail Passenger Experience

Commuter, fixed morning time, flexible evening Weekend traveller with occasional weekday use
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Heatmaps of travel frequency by day of the week and time of day for 3 passenger groups

Conclusions

The project produced technologywhich can demonstrably;

. correct the passenger persona assigned to a Rail Passenger based
on theirtravel profile; and
. enrich the assigned passenger personathrough the identification of

special interests.

Furthermore, the technologycan provide a travel-based passenger persona
segmentation where itis infeasible to source one through customer surveys.

It willmean TOCs can be more relevant in their communications with the Rail
Passenger. Forexample, promoting weekend travel to those who rarely take
the train on Saturdays and Sundays, and promoting familydays out to
parents.

Personalisationin Rail has shown that TOCs alreadyhave access to a rich seam ofdata they can use to send more personallyrelevant emails. Esoterixintends to:

e collaborate with one or more TOCs towards the trial of the technologyin a live environment;
e integrate event data feeds,to provide the TOC with further promotional opportunities; and

¢ work withindustry to standardise the identification oftravel profile types, thereby facilitating the profiling of multi-modal journeys in the future.
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GoMedia

Project Summary

Lunais a personalised digital sign language avatar. The aim of the projectwas to
investigate currenttechnology around Al powered real-time sign language
translation tools and how this could be adapted to benefitpublic transportusers.
The projectexplored using digital avatars to provide real-time journeyinformation,
onboard announcements and on station announcements in sign language to the
user’s personal mobile device.

Project Achievements

A technical understanding and technical foundations have been laid to provide a
system that users can view on their own device to access journeyinformation in
eithertext or sign language. A prototype and different designs were created to
validate this from a user’s perspective as well.

The projectresulted in a close relationship between Signhapse and GoMedia, two
companiesthathadn’tworked together before. A promotional video has been
produced to share the vision around the use of sign language in public transport.

Next Steps and Future Measures of Success

Conclusions

Providing a digital service to passenger's own devices to access journey
information, on board announcements and station announcements and have this
availablein signlanguage as wellis achievable.

Limitations around currentvideo rendering can be overcome with clever user
interface design and architectural design to provide a good user experience.

A live proofof conceptis now required to test and enhance the solution to develop a
commercial product.

A new funding projectis needed to implementa proofof conceptin a live environmentand testthe solution with sign language users. Initial discussions have been
made with train operators to explore opportunities for potential funding. Once a proofof concepthas been completed the proj ectis ready for commercialisation and
can be expandedto supportothersign languages (e.g. American Sign Language) and open up export opportunities.
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MakeSense Technology

Mark (blind) using system

. AR markers set

Project Summary by a friend

Via TRIG MakeSense proposed the developmentofa railway navigation smartphone
application forvisionimpaired users. We setout to leverage the emerging Augmented
Reality technologyto seta series ofvirtual waypoints in space. Sighted
friends/carers/staff could Place outa bespoke walking routes though a stations, which
could then be Traced autonomouslyby any VI person, at any time.

Our haptic interface

MakeSense succeeded in developing a Place and Trace AR iPhone application which
was used by VI persons to make various journeys and is continuing developmentwith
private investmentcapital.

Project Achievements Conclusions

- Developmentofan effective navigation technologywhich leverages Augmented While the concept showed promise and certain practical advantages,itwasn’t
Realityin a totally new way. withoutchallenges. Issues, such as the necessityfor precision ininitial setup and

- Filing of a UK patent with novelty found during the patent search. limitations in indoor navigation are surmountable butrequire further refinementprior

- Ajourneyfrom Bermondseyto Canary Wharf on the Jubilee line was to deployment. Nonetheless, the projectdemonstrated thatwith innovation and
demonstrated using a derivative our Place and Trace technology. user-centricdesign, AR can be harnessed for real-world, impactful solutions that

- We secured £100k of investor capital to further investigate the projectoutcomes. cater to vision impaired persons.

- We tested our tech in live environments with vision impaired persons.

Next Steps and Future Measures of Success

MakeSense is actively addressing challenges discovered during its research phase. Keyconcerns are stabilizing AR anchors and improving indoor navigation. A solution found
involves using Google's GeoSpatial API, which offers expansive AR capabilities. Despite AR's currentconstraints, the technologyis rapidly advancing. Moreover, a feature enabling
live teleassistance from sighted individuals mayhelp in situations where AR anchors destabilize or if a traced route is unavailable.

After securing £100k in pre-seed equityfinancing in May 2023, MakeSense aims to raise £2.5 million in the next half-year. Their goalis to launch the Magic Torch product by 2025.
While the AR Place and Trace projectremains one of our initiatives, we are exploring other promising approaches.
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PolyChord

Project Summary

Problems occurring in the tracks cause jolts and vibrations thatare not only uncomfortable for
passengers butcan be unsafe. Furthermore, maintenance causes costlyand inconvenientdelays and
speed restrictions. PolyChord believes the answer to this problem is in the hands ofthe customerand
is developing the RoRi Rough-Ride Detection tool that uses data from customer mobile phones to
detectissueswith the track and vehicles. In this project, PolyChord Ltd worked with Focus Sensors to
investigate whether Fibre-Optic Movement Sensors (FOMS) can be used to improve the locational
accuracy from ~5m with GPS to ~1m.

Project Achievements Conclusions

The projectfocussed on collecting mobile phone and FOMS data from the same route We have concluded thatoutliers from RoRi can be associated with train position
and time. With data, we could then proceed with a feasibilitystudyto establish how we using timestamps, and then the location of a fault more accurately pinpointed by
coulduse FOMS datato get a better fix on the location of issues detected bymobile extracting the section of FOMS data associated with a particular train position and
phones with PolyChord’s RoRi tool. performing outlier and/or correlation analysis on this data. This will inform the future
We successfullycollected the necessarydata and ran the RoRi pipeline on the phone developmer_wtofRoRl_ and will ensure thatwe record the satellite time rather than
data which allowed us to establish methods thatconnecta RoRi outlier detection with phonetimein recor_dlng _thG_ phone sensordata. We have also deve_lopeq a

the position ofthe train, and therefore identify the exact location of the issue by framework for dealing with instances where the FOMS unsynchronise with the
focussing analysis on the location and time of the train. We also established methods satellite forany reason. The project is considered successful.

to synchronise the data even when the timestamps are notsynchronised.

The mostimportantoutcome ofthe projectin many ways is the learning thatwe need
to design our mobile-phone data collection app so thatit records the GPS satellite
time rather than the phones local time, to enable easysynchronisation of datasets.
The other importantoutcome was the drastic boostto PolyChord’s relationship with
LNER and Network Rail, resulting in a grantapplication and now discussion about
EastCoastpartnership funding.

Next Steps and Future Measures of Success

We are in discussions with the East CoastPartnership to fund the next phase of developmentof RoRi, whichis to develop a tool that uses customer mobile-phone data and
develop the APl needed to collectthis data via the LNER phone app. In the meantime, we will applyfor the next SmartGrant and any other funding we identify that is suitable.

We will also look to other countries with rapidlyexpanding railway networks, who may have more moneyand can be quicker moving, such as the UAE, to develop the system.
TRIG has provided us with invaluable learning thatwill inform future developmentofthe RoRitool and has drasticallyimproved our relations with LNER, Network Rail, and our TRIG
collaborators Focus Sensors.
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