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provide confidence to the traditionally risk-averse rail industry, particularly supporting future
technical assurance from asset owner and track maintainer Network Rail.

Consulting Engineer Arup joined the project to provide independent technical overview and
assurance, offering guidance to ensure that design and performance criteria were met,
important for future accreditation beyond the scope of this project.

As an independent test house, the Building Research Establishment (BRE) was subcontracted to
undertake a suite of durability testing to confirmm compliance with standards and compare
against the non-Concretene-modified concrete mix. This testing will be ongoing for one year
beyond project end, completion due March 2026.

Project context

Concretene was developed to address the need for improving concrete by reducing embodied
carbon, improving curing times and long-term durability. In May-2021 (Innovate-UK project-
number: 99366), Concretene laid the first commercial-scale graphene enhanced concrete slab,
with the successful deployment as a world-first demonstration of a 220T ground-bearing floor-
slab with no joints/reinforcements (saving 14t of CO, by a 30% reduction in cement).

However, sleeper concretes are specialist mix designs with additional performance additives and
further formulation development was required to confirm and optimise performance and
compatibility. The concrete mix design used by partner Cemex incorporates a proportion of
limestone, designated CEM Il A-L. These types of concrete are becoming more common as part
of the industry's carbon reduction journey, offering around 10% reduction when compared to
CEM | concretes. It was therefore important that Concretene demonstrated compatibility with
these increasingly popular concretes.

This project was an ideal fit because:

e Funding fit with Concretene’s overall core development plan.

e Created a formal development agreement with Cemex, one of the world's largest
concrete producers.

e Use of precast concrete, allowing a high degree of control in factory conditions.

e Provided a rare live railway environment for a novel technology testing.

e Opportunity for the technology in remain indefinitely in live track, acting as a living
laboratory.

e Ongoing showcase to the European rail industry, particularly Network Rail, owner and
maintainer of 50m railway sleepers.

Objectives

The project objectives were:

1. Primary: Demonstrate that Concretene technology reduces embodied carbon in sleepers
whilst maintaining strength, serviceability, durability and quality through laboratory tests
and GCRE site trials. Target 10% carbon reduction.

2. Primary: Maintain the performance requirements prescribed in standards EN13230:2
Railway Applications - Track - Concrete Sleepers and Bearers - Part 2 and Network Rail
NR/L2/TRK/030 (60N/mm?2 compressive, 6N/mm?2 flexural strengths).

3. Secondary: Reduce initial curing times, improving manufacturing efficiency and
production costs.
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Sleeper manufacturer Cemex's current mix design was used to demonstrate compatibility and
non-disruption with their existing operations.

Project partners
e Cobmore Holdings, SME, owner of Concretene technology.

e Cemex Rail, one of two UK suppliers of precast concrete sleepers. Concretene has an
existing development relationship with Cemex as supplier of concrete to previous
Concretene pours in Manchester.

e Arup, aworld leading engineering consultancy and equity partner of Concretene.

e Building Research Establishment (BRE), an internationally respected third-party test
house.

Project structure

The project was split into distinct work packages, each with allocated resources:
WP1I: Project-Management (Owner: Cobmore)

WP2: WP2: Develop Performance & Test Criteria (Cobmore)

WP3: Formulation Development (Cobmore)

WP4: Statistical Concrete Laboratory Trials (Cobmore)

WP5: Cemex factory batching production and testing (Cemex)

WP6: Concretene site trials at GCRE (Cobmore & Cemex)

WP7: Ongoing performance monitoring (Cobmore & Cemex)

WP8: Communication, dissemination and exploitation (Cobmore)

As the Project Manager, Alex McDermott was responsible for day-to-day management of the
project and programme across formulation and concrete testing laboratories in Manchester. He
was the key interface with Cemex and coordinated the factory trials.

Project progress (Phase 2)

Q1 (1Jan 24 - 31 Mar 24)
Q1 commenced with the teams mobilised from Concretene and Cemex.

The team met the GCRE construction team to understand the construction programme in more
detail, where it was confirmed that the permanent way installation would commence December
2024, aligned to Concretene’s programme. Concretene sleepers would be installed in the first
sidings being constructed, as the loop doesn’'t commence until 2026. Once the design was
completed, GCRE would send the permanent way drawings to Concretene to mark up the
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preferred position for the sleepers install and GCRE's installation contractor would then facilitate
this. It was noted that this was subject to change, depending upon site progress.

Following the work undertaken with Cemex during Phase 1 and working with technical partner
Arup, a series of technical meetings were held, providing an update on the current ‘state of the
art’ mix designs used in the production of sleepers, which evolved from the mix design assessed
during phase 1. The effect of this variation would be investigated as part of the forthcoming
development work, specifically in WP3 Formulation Development, and WP4 Concrete Laboratory
Trials.

A technical meeting with Cemex confirmed the key parameters and controls used in the
manufacturing of sleepers in their Rochester factory, examples including defining a cement
reduction target, understanding the current mix design, method and control of the curing
process. Following this, the formal procedures were provided, to be followed and replicated in
Concretene’s labs during the extensive testing programme.

The method of curing uses heat to achieve very early strength development, allowing release of
the prestressed tendon loads and therefore de-moulding. It is important that the testing in
Concretene’s labs replicate this in WP4. Concretene do not have this specialist equipment,
however it could be sourced from our partner The University of Manchester's Graphene
Engineering Innovation Centre (GEIC). We used this equipment as part of our testing regime
through a subcontract arrangement.

Cemex confirmed their current mix design is based upon a CEM [IA-L i.e. a limestone cement.
Concretene had not been tested with this type of cementitious material before and therefore this
was the focus of the formulation development work that commmenced in February. Similarly, two
admixtures needed to be assessed.

The materials laboratory carried out testing during Q2, with concrete materials due to arrive from
Cemex in early April. A dedicated area within the lab was prepared for this project, which
ensured the Cemex sourced the materials remain segregated from the other general concrete
constituent materials.

The testing requirements were reviewed with Cemex and confirmed with the Building Research
Establishment (BRE), with the contract order having been placed.

Q2 (1 April =30 June 24)
Development work in the Manchester laboratories continued throughout phase 2.

The same concrete constituent materials used to produce sleepers in Cemex’s Rochester factory
were used in our lab. Due to a delay in receiving these materials, there was a six-week delay to
the start of the main concrete trials. However, formulation development work continued during
this period and concrete testing was ongoing with similar concrete materials.

The isothermal calorimeter was set up, which was used to indicate successful formulation
parameters most likely to give best performance results, within a short timeframe of 1-3 days.
This would accelerate the Q3 research, reducing the reliance on having to wait for concrete
samples to cure before testing and analysis. This, together with the oven curing process, would
enable quicker development throughout Q3, using the ‘fail fast, learn fast’ principle. Therefore,
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the end date of WP4 remained as previous, despite the impact of the six-week materials delivery
delay.

The factory-produced sleepers are heat cured to a Cemex-developed procedure during the first
18 hours after casting. A drying oven was purchased to reproduce these curing conditions.

During this period, we employed a cement scientist, Dr Yasmim Mendonga, building upon the
teams’ experience and capability. Yasmim worked with Cemex on mix design to maximise the
benefits of Concretene. The intention was to utilise Cemex’s mix design exactly, however, small
changes would be required to achieve the optimal benefits of Concretene.

The testing schedule and programme was agreed with the Building Research Establishment.
Originally forecast to commence in June, this was pushed back to commence in July and the
programme showing this over a 3-month period, which was staggered to suit the BRE's
resources. This change to the programme was not critical.

The programme was updated, with the overall end date unchanged.

[Appendix 2.1 - Technical Report Q2]

Q3 (1 July - 30 September 24)

Development work in the Manchester laboratories continued throughout Q3, with progress
made in formulation development. In mid-August however, Cemex informed us of two
significant and permanent changes made to their mix design:

1. Company-wide business decision to change to own-branded admixtures, changing
the mix-design chemistry.

2. Desire for greater conformity to specifications.

Together, these necessitated a simplification of their sleeper mix design for further development
of Concretene. The old mix design will not be used again and therefore there was no benefit in
continuing to develop Concretene for this mix design.

Although much of the work done to date remained relevant and valid, a repeat programme of
development work was required. We assessed the impact of this to require an additional three
months to repeat part of WP4, specifically activities 4.5 to 4.8.

The repeat development work presented an opportunity to test the sensitivity of Concretene
against mix design changes, which will help mitigate future development risk. The additional
costs were 100% funded by Concretene.

Although there remained a risk that further mix design changes may occur in future, Cemex
assured us that these changes were rare and none further were planned.

This changed was accepted by Innovate UK, with the new end date being 31 March 2025.

To mitigate the delays as far as practicable, four tonnes of the new specification aggregates were
received during w/c 23rd September. This same batch of materials would be used for the
remainder of the development work to December.
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The isothermal calorimeter was used to undertake initial baseline formulation work. This has
been very beneficial to the programme, allowing the team to test a wide range of formulation
variations, results gained within 3 days that predict the 28-day strength. This has allowed us to
minimising time analysing formulations that were unlikely to offer benefits.

Our cement scientist Yasmim led the technical development, working closely with our
formulation scientists. The learning gained over this quarter would be applied to the new
materials and mix design to optimise the repeat development, minimising programme impact
as far as practicable.

The Building Research Establishment durability testing programme was pushed back to
commence in December.

[Appendix 2.2 - Technical Report Q3 (Concretene)]

Q4 (1 October - 30 December 24)

Concretene development work continued throughout Q4 in our labs with development proving
to be more technically challenging than envisaged. When Cemex changed their mix design and
admixture in August, our desktop review predicted that the Concretene development work
completed at that point could be directly transferred to the new mix design, with only minor
revalidation or reformulation required.

Testing during this quarter however demonstrated considerable further development being
required, which is particularly challenging as the mix design is dissimilar to most other concretes,
having a very low water content and a reliance on Cemex’s bespoke new admixture.

The Concretene formulation initially developed prior to August did not demonstrate statistically
significant performance uplifts in the new mix design. However, more recent formulation
iterations showed improvement and progress was made.

Therefore, further formulation development work and iterative testing was necessary during Q4,
and would continue into Q5.

A significant number of additional formulation variants were tested to find the formulation that
offers:

1. The largest uplift in strength, with
2. Consistent and reliable performance

With only 11 weeks left until the sleepers were programmed to be deployed and in use at GCRE
for Industry Day (20 March), this left only 8 weeks to finalise formulation development, undertake
validation tests at Cemex’s production facility, produce and test prototype sleepers, adjust the
formulation if necessary, produce and deliver 60 sleepers to GCRE.

Durability work with the BRE was rescheduled to commence w/c 17rd February, two weeks after
we were due to mobilise at Cemex's Rochester production plant.

Q5 (1January - 30 March 25)
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The sleepers produced in this project included a cement reduction of around 10% . This mix was
used to produce the sleepers and samples sent to Building Research Establishment for durability
testing, the initial results from which have been positive, testing ongoing until March 2026.

With this reduction in cement content, and cement accounting for an average of 85% of the CO,
in concrete, Concretene has successfully lowered Cemex’s standard sleeper embodied carbon by
7.0%. Although slightly down on the 10% initial target, this is significant achievement, considering
the external disruptions encountered through the project. [Note that precise CO, figures are not
currently established by Cemex, the percentage reduction being worked out from ICE Low
Carbon Concrete Routemap 2022 & Mineral Products Association Fact Sheet 18].

GCRE Demonstration:

Concretene sleepers were transported to GCRE and installed in the railway. This demonstrated
that the sleepers can be handled, installed and used like any other concrete sleeper without
disruption or any special provisions.

The industry day held on 20™ March was a significant success. More than 220 industry personnel
attended, including several influential personnel including Network Rail's Technical Authority and
engineering representatives of Transpennine Route Update. A summary of key discussion points:

1. Network Rail's technical authority confirmed their intention to deploy the remaining
Generation 1sleepers on the network, in a managed risk environment, suggesting
changing out every 4/5™ sleeper with the Concretene version, to assess performance
over time.

2. Track contractor and Concretene sleeper installer KGJ Price identified a suitable
location in a quarry (location currently unknown) where they are trialling other
innovative sleepers. This environment is ideal, as it is a low-speed line but subject to
heavy goods axle loads. Network Rail confirmed support for this location.

Network Rail will convene a meeting with all parties later in 2025 to make arrangements to take
this forward.

Next steps:

Cemex are particularly enthusiastic to build on the success by producing a Generation 2 very low
carbon new mix design. This will require a change of constituent materials, as lowering the
cement to this value removes a significant proportion of the fines and therefore another low-
carbon replacement material must be used to replace this. Concurrently, Concretene
development work will continue in parallel and when Cemex’s new mix design is completed, the
next phase of testing will be scheduled, resulting in Generation 2 Concretene sleepers. Cemex
considers Concretene as a technology to help them work towards achieving ‘very-low carbon’
concrete.
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Appendix 2.1 - Technical Report Q2 (Concretene)
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Appendix 2.2 - Technical Report Q3 (Concretene)
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Appendix 2.3 - Technical Report Q4 (Concretene)
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Appendix 4: Risk register
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Appendix 5: Finance summary
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Appendix 6: Exploitation plan
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Appendix 7: Demonstration day overview
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