Faraday Institution: Major Project Renewal; Inclusion of New Scope Items
Call Type: Invitation for Proposals
Closing date: 11:00 hrs on Thursday 6 October 2022
Funding available: The budget allocation for each research scope area is detailed in terms of expected number of
researchers as the research will form part of existing large collaborative projects as the Faraday Institution transitions
into Phase 2.
Please read the full call document for guidance before submitting your proposal.

Expected Key Dates:
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Review Panel
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Additional information: Grants will be funded by the Faraday Institution based on 80% of Full Economic Cost (FEC).
Terms of grant awards are based on Faraday Institution terms, which apply principles of active management although
certain standard EPSRC conditions are also applied as indicated in this document. Project duration should be no more
than 24 months.

Contacts:
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Tel: 01235 425300
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Summary
This funding call seeks to identify researchers, based at UK Universities and qualifying Research Organisations, able and
willing to contribute to the furtherment of at least one of the following six major research projects funded by the
Faraday Institution: Degradation, ReLib, SafeBatt, SolBat, LiSTAR, Multi-Scale Modelling (MSM). In doing so it aims to
enhance the skills and innovation brought to the projects through participation, from an increased pool of UK talent
whilst building upon its investment to date.
Through the process of reviewing the major projects against a renewed and reevaluated set of aims and objectives,
relevant to global drivers in 2022, a number of gaps and new opportunities were identified to accelerate the delivery of
the major projects.
The scope of each call item, detailed in this document, is built upon one of these opportunities and designed to
contribute to the overarching aims and objectives of the parent project to which they belong and as such are well
defined. The particular problems to be addressed are clearly articulated from the current project team’s point of view
in each case. However, applicants are invited to respond on the basis of their own expertise and track-record in
addressing the challenge presented and in meeting the scope and objectives of the call.

Background
The Faraday Institution is the UK’s independent institute for electrochemical energy storage research, skills
development, market analysis, and early-stage commercialisation. It brings together academics and industry partners
on research projects to reduce battery cost, weight, and volume; to improve performance and reliability; and to
develop whole-life strategies from mining to recycling to second use. It is envisaged that outputs from this research
will have a significant influence on technology for electric vehicles as well as having cross sector benefits for the energy
sector and consumer goods.
Since April 2022, the Faraday Institution major project renewal process has been underway. Through this process the
current Faraday Institution major projects (Degradation, ReLiB, MSM, SOLBAT, NexGenNa, LiSTAR, Nextrode, SafeBatt,
CATMAT, and FutureCat), were realigned to the latest context and landscape for research in electrochemical storage.
As part of this process, and to consolidate progress to date, the core of the projects to be taken forwards were
identified, along with new research areas that needed to be incorporated for the project to remain current and to meet
its renewed and rescoped aims and objectives. These new areas of growth form the basis of this open call.
The renewal process is being undertaken in a phased approach with the following six projects being addressed in this
call and the remaining four major projects: NexGenNa, CATMAT, FutreCat and Nextrode, to be addressed in a call later
this year.
More detailed project backgrounds can be found for each project at the following links:
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Degradation - https://www.faraday.ac.uk/research/lithium-ion/extending-battery-life/
Multi-Scale Modelling (MSM) - https://www.faraday.ac.uk/research/lithium-ion/battery-system-modelling/
SOLBAT - https://www.faraday.ac.uk/research/beyond-lithium-ion/solid-state-batteries/
ReLiB - https://www.faraday.ac.uk/research/lithium-ion/recycle-reuse/
LiSTAR- https://www.faraday.ac.uk/research/beyond-lithium-ion/lithium-sulfur/
SafeBATT - https://www.faraday.ac.uk/research/lithium-ion/BATTERY-SAFETY/

Scope of the call
Below is a list of scope headings for each major project against which applications should be made. It is expected that
one project proposal should be made per scope item. Investigators may apply for multiple scope items. More detailed
scope and objectives for each topic are provided in Appendix A.

1 SOLBAT



Open Call Item 1.1: First principle calculation of grain boundaries
Open call Item 1.2: Computed Tomography at the Diamond Light Source

2 Recycling of Lithium-Ion Batteries (ReLiB)



Open Call Item 2.1: Developing a Data Driven Decision Making Process for the Recovery and Recycling of Lithium
Ion Batteries
Open Call Item 2.2: Optimisation of Technologies for the Transition out of the Laboratory and into the UK
Recycling Industry

3 LiSTAR





Open Call item 3.1: DFT/AIMD Modelling for Li-S Batteries
Open Call item 3.2: Developing an All-Solid-State Li-S Battery
Open Call item 3.3: Separators for Li-S Batteries
Open Call item 3.4: Developing a BMS for Li-S Batteries

4 Multiscale Modelling (MSM) of Lithium-Ion Batteries



Open Call item 4.1: Modelling Formation Processes
Open Call item 4.2: Automated Generation of Reduced Order Models

5 Degradation




Open Call item 5.1: Computational Studies of Electrolyte Chemistries for Zero-excess Lithium Metal (‘Anode-less’)
Batteries
Open Call item 5.2: Characterisation of SEI layers for Anode-less Lithium Batteries
Open Call item 5.3: Synthesis of Novel Electrolyte Systems – Salts, Solvents, and Additives

6 SafeBatt



Open Call item 6.1: Next Generation Chemistries - Safety Challenges of Next Generation Li-ion and post Li-ion
Chemistries; Safety Testing and Evaluation
Open Call item 6.2: Modelling Thermal Runaway and Propagation

7 Research Pouch Cell Manufacture: *



Open call item 7.1: Manufacture of Industry-like Single Layer Pouch Cells
Open call item 7.2: Optimisation of Pouch Cell Testing

*It is expected that one fully costed and resourced proposal will be submitted to cover the entirety of the scope detailed
in call item 7.

Funding available
It is expected that funding for each proposal will normally cover: 1 PDRA per area of scope, principal applicant costs,
consumables and indirect costs.
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Funding Exclusions:

There are no provisions within this call for equipment. The Faraday Institution has supported the development of the
community through the procurement of key items of equipment on the basis of open access to the whole community;
these should be sought. Please indicate in the application form any pieces of specialized equipment you may need
access to so that we may facilitate introductions upon successful award.

How to apply
Applications should be submitted via the Faraday FlexiGrant portal by 11:00 am on Thursday 06 October 2022. A link
to the new portal will be available from 5th September at https://www.faraday.ac.uk/research-opportunity/
The application system is designed to guide you through what will be expected for submission at each step; a list of
items is detailed below. The form will specify whether the information to be submitted is optional or mandatory. The
application form will contain fields for following:
 Who is involved in the project (mandatory)
 Description of research activities (mandatory)
 Financial breakdown (mandatory)
 A deliverables list with timeline (mandatory)
 Two-page CVs are mandatory for the principal applicant and named PDRAs.

Application guidance:

Some guidance is built within the application system. Below are some specific details:

Training & High-Performance Computing (HPC) Costs

Applicants requiring access to high performance computing resources, via the Faraday Institution’s dedicated
computing cluster Michael, or otherwise, are expected to indicate within their Justification of Resources the total
number of core hours requested for their proposal.

Eligibility Criteria and Conditions of Applying
To be eligible for funding, the individuals and research organisation involved in the proposal must:
1. Meet the eligibility criteria for EPSRC funding. Please refer to https://www.ukri.org/councils/epsrc/guidancefor-applicants/check-if-you-are-eligible-for-funding/ for details.
2. Facilitate the work of the Faraday Institution by allowing participating postdoctoral research associate staff
the freedom to work solely on the work of the Institution.
3. Accept and comply with specific terms and conditions that will accompany the grant offer letter, as well as
adhere to general Faraday Institution terms, conditions and management principles as defined in the
following document: Faraday Institution T&Cs of fEC Grants.
4. Provide access to facilities funded by the Faraday Institution for the entire Faraday Institution community.
5. Work with others in the innovation chain, specifically across innovation and scale up activities.
6. Be prepared to work with the Faraday Institution HQ and to be directed by the overarching governance
structure.
7. Agree to sign up to the relevant project collaboration agreement starting from 1 st April 2023. Please note, only
successful applicants will be sent the appropriate collaboration agreement to review and accept at time of
review process outcome notification.
8. Agree to fully integrate and actively participate in the existing team and arrangements. Including: Faraday
Institution hosted project meetings; consortium meetings; attendance at regular project meetings.
9. Secure institutional acceptance of the terms and conditions of the Faraday Institution within the application.
These include conditions specifically relating to the management of the outputs from these research projects,
such as intellectual property. Applicants will be expected to obtain their institution’s agreement to such terms
and conditions as part of the funding process.
The Faraday Institution reserves the right to reject proposals deemed to not meet the eligibility criteria of the call.
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The Review Process
Assessment and Award Process
The outline process from submission of application to decision for inclusion in the major projects is as follows:
1. Applications, once screened for eligibility by the Faraday Institution, will be subject to an independent peer
review for Research Excellence and fit to scope by subject-matter experts and ranked according to the criteria
described below.
2. Using the recommendations from the review panel and in consultation with the PI, the Faraday Institution will
select successful applicants in line with its research portfolio criteria.
3. All applicants will be notified of the outcome of the review process. The successful applicants will receive a
notification that they have been successful in their application and that their project will be incorporated within
the major project. No formal grant letter will be issued at this stage, the intention is that each successful
applicant will be incorporated into the major project with a start date of 1 April 2023.

Peer Review Assessment Criteria

Proposals will be assessed against the following criteria:
1) Fit to the scope of the call item as defined: this is an assessment of how well the proposed activities fit the
required need and the likelihood that they will deliver the desired outcome.
a. Alignment of the proposal with the specific scope of the call and clarity of links to the overarching project.
2) Approach, methodology and capability
a. Is the scientific approach appropriate to meet the challenge presented in the call? Is the research
proposed of sufficiently high quality to add to the research excellence of the overall parent project?
b. Is the research methodology proposed appropriate to address the challenge described in the call?
c. Do the applicants have the necessary capability and expertise to undertake the research required and to
deliver the relevant outcomes as part of the parent project on a two-year timescale?
3) Value for money
a. Does the proposal represent value for money?
b. Does the project appear adequately resourced for the work to be undertaken?

Role of Reviewers
The Faraday Institution will convene a panel to assess the research quality of the applications received. This review
will be conducted by an independent panel composed of individuals from both industry and academia - internationally
renowned experts in the areas of electrochemical energy storage, battery technology research and battery
engineering. The role of the panel will be to review and provide recommendations to the Faraday Institution executive
team for final funding approval. The Faraday Institution will convene and facilitate the panel review meeting but will
not participate in the discussion or scoring of proposals.
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Equality, Diversity and Inclusion
The Faraday Institution aspires to create a truly inclusive environment where all its researchers can thrive and feel a
sense of belonging whilst empowering everyone to have a voice. We celebrate individuality and know that combining
the skills and talents of a dynamic and diverse community brings great strength. The Equality, Diversity and Inclusion
Working Group, headed up by The Faraday Institution’s Chief Operating Officer, is looking at positive ways to ensure
these values are lived out throughout our community. https://www.faraday.ac.uk/working-group-edi/
The Faraday Institution is a member of WISE and committed to promoting gender balance in science, technology and
engineering. https://www.wisecampaign.org.uk/
The long-term strength of the UK research base depends on harnessing all the available talent and the Research
Councils have together developed the ambitious UK Research and Innovation Equality, Diversity and Inclusion Action
Plan.
The Faraday Institution and EPSRC expect that equality and diversity is embedded at all levels and in all aspects of
research practice. We are committed to supporting the research community in the diverse ways a research career can
be built with our investments. This includes careerbreaks, support for people with caring responsibilities, flexible
working and alternative working patterns. With this in mind, we welcome applications from academics who job-share,
have a part-time contract, and/or need flexible working arrangements.

Ethical Information
Applicants should use the Ethical Issues section in their proposal to demonstrate to peer reviewers that they have fully
considered any ethical issues concerning the material they intend to use, the nature and choice, current public
perceptions and attitudes towards the subject matter or research area. The Faraday Institution will not fund a project
if it believes that there are ethical concerns that have been overlooked or not appropriately accounted for. If the
research will involve human participation, or the use of animals covered by the Animals (Scientific Procedures) Act
1986 it is recommended that applicants pay particular attention to the guidance highlighted below. The Faraday
Institution reserves the right to reject applications prior to peer review if the Ethical Information sections are not
completed correctly.
Other relevant guidance includes: EPSRC’s policy on animal use in research
https://www.epsrc.ukri.org/about/standards/animalresearchpolicy/
And the Responsible Innovation Framework https://epsrc.ukri.org/research/framework/

Conflicts of Interest
The Faraday Institution is committed to maintain the highest standards of impartiality, transparency and fairness in all
aspects of its work. From time to time a situation can arise where there is a conflict of interest. This is particularly the
case where the Faraday Institution requires expert advice and those best placed to provide the required expertise may
be actively involved in the field. These situations will be managed by adopting a clear policy for dealing with potential
conflicts.
The Faraday Institution requires all individuals involved in such activities to agree to act according to our policy on
conflicts of interest, which is available on the Faraday Institution website https://faraday.ac.uk/conflicts-of-interest/
Reviewers should declare any potential conflict of interest and panel members will not be present during any
discussions of proposals in which they are conflicted.
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Confidentiality & Privacy
The Faraday Institution Privacy Policy, which describes how we manage personal data can be accessed here
https://faraday.ac.uk/privacy-policy/
The Faraday Institution assess all the grant applications through a review process proposal and such applications are
sent to reviewers for comment. Applications are treated confidentially and only supplied to reviewers who have
previously signed confidentiality agreements with the Faraday Institution.
Reviewing panel members are asked not to share or discuss reviewer comments/identities outside of the Faraday
Institution management. Reviewers are asked for feedback forms. The content of applications, proposals and feedback
forms are all kept confidential. If reviewers have any paperwork or have any additional notes, they are required to
keep these secure and delete them as soon as the information is no longer required.
Whilst we ask within their submissions that applicants describe their proposed project in sufficient detail for reviewers
to assess the application, potentially patentable results should not be included in a proposal until after a patent
application has been filed. Under no circumstances should any applicant contact individual panel members. Reviewers
are required to notify us immediately if any applicant contacts them directly. Under no circumstances should any Review
Panel member contact bidding individuals.
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Appendix A Open Call Scope Items – Detailed View
1. SOLBAT

The all-solid-state battery (ASSB) is of great interest due to its potential for superior safety, longer lifetime and higher
energy and power density. ASSBs would enable step changes in safety, driving range, charging time and longevity of
future electric vehicles. Previous attempts to develop ASSBs have failed due to a poor understanding of the processes
taking place in cells – they are therefore one of the most important challenges in battery research and development.
Historically, research in this field has focused on improving the ionic conductivity of solid electrolytes. Ceramic solids,
particularly sulphides, are now sufficiently conductive that conductivity is no longer the biggest hurdle. The challenges
now lie at the electrode-electrolyte interfaces, in the mechanics throughout the cell and in processing. SOLBAT brings
together a multidisciplinary team to tackle the fundamental science, understand the issues that have prevented
commercialisation and use this knowledge to devise solutions to the problems.
In recent years, the SOLBAT team has made great progress in understanding some of the issues preventing the mass
adoption of ASSBs. Some examples include voiding and dendrite formation and the importance of stripping vs plating
critical current density, the effects of strain and interphases at the cathode-electrolyte interface and the processing of
sulphide electrolytes.
In the coming years, SOLBAT will use this fundamental knowledge to identify solutions and prioritise research in the
following areas: preventing voiding and dendrite growth, minimising operating pressure and boosting performance
through processing of solid electrolytes.
A close collaboration with a consortium currently being established to deliver solid-state battery prototypes will
accelerate the practical implementation of the proposed solutions.
Characterisation and modelling will be cross-cutting themes and it is for these that Expressions of Interest (EoIs) are
requested.

Open Call Item 1.1: First principle calculation of grain boundaries
Scope

Many promising solid electrolytes are polycrystalline materials. It is therefore essential to understand the Li-ion transport
mechanisms at grain boundaries and their effect on performance and degradation. Differences in material properties
and electric fields at these interfaces can affect the ionic conductivity and be a source of resistance. Grain boundaries are
also believed to play a role in the deposition of lithium within solid electrolytes which results in short circuiting of the
cell.
This modelling theme will use first principle calculations to develop an understanding of the atomic structure at grain
boundaries which is ultimately responsible for the changes in Li ion transport compared to the bulk. Working with the
experimental team, these insights will be used to improve transport across grain boundaries.

Objectives
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Model, at the atomic scale, grain boundaries in solid electrolytes to understand ion transport and lithium
deposition.
Investigate ion transport as a function of processing conditions, grain size, etc. to understand their effects in the
properties of grain boundaries.
Provide insight to experimental team to allow optimisation of conditions to improve ion transport

Open Call Item 1.2: Computed Tomography at the Diamond Light Source
Scope

Tomography is an important technique in SOLBAT and has helped to reveal the processes taking place in cells, such as
crack and dendrite formation. Multiscale tomography will be a key tool in the next phase of SOLBAT and we request EoIs
from scientists at Diamond. The characterisation theme interacts with all the SOLBAT work packages and tomography
experiments will provide insight on performance during cycling. Tomography will be used to study all components of the
cell to understand the effect of cycling conditions and processing parameters on causes of degradation, such as volume
change and dendrite growth.
The emphasis in this activity will be to use tomography to image cells and provide input to optimise composition and
processing in other work packages.

Objectives




Conduct multiscale X-ray tomography experiments
Investigate the effects of composition and processing on performance using in-situ techniques
Provide insight to the experimental team to support processing and component design.

2. Recycling of Lithium-Ion Batteries (ReLiB)
Aim
The aim of ReLiB is provide a technology platform for a world-leading and sustainable EV battery recycling industry within
in the UK capable of maximizing the economic and environmental gains of the EV revolution and contributing to the
security of critical raw materials supply for UK industry.
To this end ReLiB has established a pipeline of new technologies, tools, techniques and processes that enable the efficient
and cost-effective recycling of existing battery systems to reclaim and regenerate materials that can be reused in new
battery cells. The project seeks to employ the principles of Industry 4.0, the ‘internet of things’ and its suite of smart
materials separation and valorization processes to enhance the level of recyclability of EV batteries to those comparable
to the recycling of lead acid batteries.
Project objectives
 Minimizing the cost and time to dismantle packs
 Development of an in-line process to determine in real time the most effective route for reuse/recycling, for
current and future battery packs, chemistries etc.
 Maximizing recovery rates through efficient processes for both high and low value materials
 Minimizing the cost of remanufacture through short-loop recycling and the upcycling of active material
 Informing cell to pack design for efficient reuse, recovery and recycling processes

Open Call item 2.1: Developing a Data Driven Decision Making process for the recovery and recycling of LiBs
Scope
Battery recycling is likely to transition from mechanical shredding to a de-manufacturing process, driven by the added
value in separate passive components (casing, wiring, electronics etc.) and active components (modules, cells, electrodes
etc.)
This work package will seek to combine the fundamental understanding of batteries and data collected in-use from smart
vehicles, and through in-line testing, to deliver a real time decision making action planner for any pack, module or cell,
laying out what is the most efficient (and profitable) series of actions or processes to take during processing.
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Objectives
 Obtain a full, fundamental understanding of end-of-life (EoL) batteries through multi-vectored data sources
derived from both in-field and EoL measurements.
 Enhance the research and understanding of in-line testing and smart battery data to enable real time decisions
on dismantling, reuse and recycling routes for lithium ion batteries based on big-data frameworks/enhanced data
passports.
 Design a decision making framework based on evolving real-time data to enable selection of the most effective
(and lucrative) downstream recovery and recycling processes for individual modules/cells within the pack.
 Develop a visualization approach to show operators key information and decision points to support dismantling
and provide QA of the process. Information is needed from pack to electrode scale, enabling decisions to be
made across these scales, aiding operator input and understanding of decision processes.

Open Call item 2.2: Optimization of technologies for transition from the laboratory into the UK recycling
industry
Scope
Research activities enabling transition from a proof-of-concept scale to a potentially full process (tonne-scale) by
understanding the critical challenges of larger scale operations such as (but not constrained or limited to): heat and mass
transfer, powder handling, solvents, reaction engineering, hydrodynamics etc.
Objectives
 Evaluation of recycling plants using current SoA technology to guide UK industry on short to medium term options
 Understand and define the pathway and impact of retooling current shred-and-sort plants to incorporate
advanced valorization of ‘black mass’ to enable production, for example’ of higher purity carbonates and
sulphates
 Develop design concepts and frameworks that seek to maximize plant efficiency considering layout, processing
etc. understanding the relative footprints and requirements of different steps and processes
 Report on limiting factors in developing, retooling and upgrading recycling facilities in the future
 Support wider commercialization opportunities around an ambitious and bold vision to build a demonstrator
facility to support the adoption of turn-key battery recycling lines by industry covering smart
disassembly/dismantling, optimized shred-and-sort and delamination processes

3. LiSTAR
Overview, Aims and Objectives of the Project

LiSTAR Phase 2 will build upon the success of the existing research programme cementing the UK as a hub for the
development and commercialisation of Li-S technology. Using a similar ‘whole cell approach’ to that described previously
the programme will focus on:
 Overcoming the remaining commercialisation barriers for Li-S batteries, particularly the use of LiNO 3 to expand
the operating temperature window
 Understanding and mitigating the anode dominated degradation routes of Li-S cells
 Identifying and developing routes for long lifetime and ultra-high energy cells
 Demonstrating the scalability of components and feasibility of the technology at relevant scales
By achieving these we intend, by the conclusion of Phase 2, to be able to produce ‘energy focussed’ cells with energy
densities in excess of 500 Wh kg-1 and ‘lifetime’ cells capable of over 500 cycles with no LiNO 3 in the electrolyte.
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Open Call Item 3.1: DFT/AIMD Modelling to Improve the Performance and Longevity of Li-S Batteries
General Description

In Phase 2 of the LiSTAR programme we have proposed to restructure the programme by removing the siloed modelling
Work Package to increase and improve the communication and awareness between modelling activities and
experimentalists. In this work DFT/AIMD will support the continued development of cathode materials while also
delivering an improved understanding of the anode/electrolyte interface. In doing this an improved awareness of the
mechanisms which hinder lifetime will be delivered enabling scientific and engineering solutions to be found. In addition,
the AIMD work will also begin to identify key parameters for electrolyte additives to develop science led discovery and
improve performance.

Scope

This work will sit across WP’s 1-3 supporting experimental work and guiding material development. The proposal should
include approaches to support the cathode development activities existing within the LiSTAR project, particularly
focussed on the catalytic conversion of Li-polysulfides in the liquid phase. In addition, the proposal should consider
approaches to optimise the Li metal anode (through developing an understanding of dendrite growth and/or mitigation)
and/or the development of a science guided electrolyte and additive discovery programme. This will enable an informed
approach to the development of these components in future work.

Objectives





Support cathode development activities by determining the conversion rates of Li-polysulfides in the presence
of catalytic cathode materials
Explore the dynamics of the evolution of the Li metal anode by investigating the anode/electrolyte interface
Determine key properties of electrolytes & additives to enable the identification of promising compositions for
Li-S batteries
Liaise with existing experimental and modelling activities to ensure the realisation of the discoveries from this
work

Open Call Item 3.2: Developing and Demonstrating an All-Solid-State Li-S Cathode
General Description

The use of a liquid electrolyte with polysulfide solubility is likely to provide an upper practical limit to the energy density
of Li-S cells far below the theoretical energy density. This limit may be surpassed by considering alternative cell formats
including all solid-state (ASS) Li-S cells. Should a sufficiently thin electrolyte be produced it is feasible that cells in excess
of 600 Wh kg-1 could be produced. This work will expand the range of cell formats examined within LiSTAR to open
approaches in ASS systems potentially enabling significant improvements in safety and energy density. The work will be
undertaken with sight of the developments achieved in the SOLBAT project to maximise the prospects of success in
producing this new cell concept.

Scope

This work will focus on the development of a solid-state composite cathode for Li-S cells which can accommodate the
large volumetric changes which occur during the S8 to Li2S conversion with a sufficiently high sulfur loading and utilisation
to enable high energy densities. As part of this development activity the work will be combined with a solid-state
electrolyte to examine the evolution of this interface during cycling. The work will be undertaken with a view on
processibility and scalability.

Objectives


Produce a composite cathode with sufficient sulfur loading and utilisation capable of achieving in excess of 500
Wh kg-1 (at the cell level)
Please Note: While this could be achieved using either a ‘low cathode loading/high sulfur utilisation’ approach or vice
versa the intended philosophy should be detailed in the call document
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Examine the electrochemical and mechanical stability and durability of the cathode/solid electrolyte interface
with a view to optimising lifetime
Develop an understanding of the degradation and aging pathways in ASS Li-S cells with routes to optimisation
identified
Investigate suitable elastomeric materials to combine in the cathode to maximise the ionic and electronic
conductivity in the electrode
Demonstrate cathode performance in a full cell of sufficient scale to ensure scalability can be achieved

Open Call Item 3.3: Developing Separators for Li-S Batteries

General Description

Separators are an area of battery research which receives little attention; however, in the case of Li-S batteries there may
be significant benefits associated with the incorporation of a separator capable of blocking the polysulfide shuttle and/or
promoting the conversion of polysulfides in solution. This work will develop such a separator enabling the improvement
of the rate performance and cyclability of cells while keeping sight of the need to manufacture components on a larger
scale.

Scope

The development of Li-S separators to mitigate polysulfide shuttle may enable improved cyclability of Li-S batteries. To
date most of the work has utilised Li-ion type separators, however in this work functional separators capable of blocking
the mobility of polysulfides towards the anode will be developed. The separators must be developed with scalability and
processibility in mind and be sufficiently advantageous to mitigate additional cost and weight which will be incorporated
into the whole cell.

Objectives





Develop functional separators to block polysulfide mobility and retain polysulfides toward the cathode
Examine the durability of the separator over timescales equivalent to 100s of cycles to ensure the viability of the
approach
Consider the scalability and manufacturing routes which may be used to scale up the production of the separator
ensuring there are no steps which would inhibit these steps
Explore various mechanisms to integrate components and/or functional groups to promote the conversion of
polysulfides

Open Call Item 3.4: Developing a BMS for Li-S Batteries

General Description

The management of Li-S batteries and battery packs is an underserved area in the literature; however, developments in
this area are vital to ensure the viability of the chemistry for early adopting applications. The unique shape of the
discharge curve provides challenges in determining the state-of-charge and consequently the state-of-health of cells
which necessitates approaches that diverge from those used in Li-ion systems. This work will develop a framework for LiS batteries and validate the BMS system against simulated mission profiles and drive cycles of likely early applications
including aerospace targets (HAPS, HALE, UAV’s) and HGV’s/buses.

Scope
Current battery management techniques have largely been developed for Li-ion cells which have significantly divergent
cycling characteristics to Li-S cells. In this work the framework for a Li-S BMS will be developed working alongside the
Diagnostics PDRA to determine key parameters capable of describing the state-of-charge and state-of-health for a Li-S
cell and module. The work will be conducted with likely early applications including aerospace and HGV’s/buses in mind
to aid the acceleration of the viability of the chemistry and will finally be tested against simulated drive cycles using cells
produced by PDRAs within the project.
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Objectives





Identify key parameters to monitor the SOC and SOH of Li-S batteries considering the likely early applications of
cells
Liaise with PDRAs in the project to aid the integration of new methods into BMS systems
Develop a BMS system for Li-S batteries using the methods developed through the project
Examine and validate the developments using real cells/modules using simulated mission profiles/drive cycles

4. Multiscale Modelling (MSM) of Lithium-Ion Batteries
Aims and objectives of the project
The Multiscale Modelling project aims to solve some of the hardest challenges in battery research, delivering impact by
fostering collaborative working. The key objective is to produce models reflecting the state-of-the-art of understanding
in the behaviour and ageing of lithium-ion batteries and beyond, to improve design of battery cells and packs and
predictability of their performance. Researchers in the project are developing methods, tools and standards, employing
models at a range of scales, from atomistic through to whole systems, and including experimental work for model
validation and parameter estimation.
Through the project’s open source modelling framework, PyBaMM (Python Battery Mathematical Modelling), new
physical models of cell and pack performance are being developed, for use by the international battery community. This
platform allows models to be compared and evaluated against each other, so that the best one can be selected for a
particular cell chemistry and window of operation. The models already developed within PyBaMM include thermal,
mechanical and electrochemical models, as well as ageing models for describing and combining the main forms of battery
degradation. A similar core python framework for reduced order models is being developed, called Parameterisation
algorithms, Reduced-order Industry-focused Simulations, & Machine learning (PRISM).
Models developed here can be used to understand battery behaviour, predict performance and lifetime and also make
design decisions for cells, packs and applications. This includes sustainability, in the form of holistic life cycle assessment
models.

Open Call item 4.1: Modelling formation processes
General Description
This work will sit within the PyBaMM Work Package on cell-level modelling and will involve developing models to
understand the effect of different formation processes on battery longevity, particularly in modelling the formation of
the Solid Electrolyte Interphase (SEI) layer. The work will be done in close collaboration with an experimentalist and an
atomistic modeller in the Work Package 1 on Experimental and Digital parameterisation, looking at formation monitoring
and parameter estimation.

Objectives

The objectives of any proposal should include:
 Develop a continuum model approximating the physics of the formation of the SEI.
 The model should be implemented in PyBaMM and should be compatible with already existing parts of PyBaMM.
 The model should interface with at least one (ideally multiple) existing models of SEI layer growth implemented
in PyBaMM, (e.g. the states in the model that evolve over time within the formation model should either be the
same, or inform the initial conditions and parameters in the SEI layer growth model)
 The model should be experimentally validated, against experimentally observable changes in a cell behaviour
during and after formation.
 Successful candidate should also work with the experimentalists and atomistic modellers, to help design the
experiments/atomistic simulations to parameterise and validate the formation model.
 The results are expected to become part of PyBaMM which is open-source and therefore should not rely upon
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any encumbered background IP.

Open Call item 4.2: Automated generation of Reduced Order Models
Scope
This work will sit within the Reduced Order Modelling (ROM) Work Package and will involve developing tools to synthesise
ROMs automatically from data or existing models (e.g. from PyBaMM or PRISM). The work will become part of PRISM
and will be done in close collaboration with existing reduced order modeller and control engineers.

Objectives

The objectives of any proposal should include:
 Develop novel approaches to Reduced Order Modelling for estimation and control
 It should be possible to parameterise (i.e. automatically generate) these models from either experimental data
and from (at least one, ideally more) other models already available, i.e. from PyBaMM or PRISM. For example
(not exhaustive) already available models currently include:
o P2D models of varying complexity, including various and multiple degradation mechanisms
o Single particle models (SPM) and including electrolyte (SPMe)
o Equivalent circuit models (ECM) both lumped vs. distributed and traditional vs. physics informed
 The models should be experimentally validated, against data that is representative of real world operation for at
least one commercially relevant cell. Other members of the consortium will already be producing data suitable
for this purpose and would work with the successful applicant.
 The models should demonstrate at least one, but ideally more, improvement over existing approaches. This could
be: improved estimation of certain states under particular conditions; an improvement in cell performance under
application relevant conditions; more efficient implementation in embedded controllers, or easier/cheaper
parameterisation and calibration.
 The results are expected to become part of PRISM which may become open-source and therefore should not rely
upon any encumbered background IP

5. Degradation

Aims and objectives of the project

The overall goals of the project are i) to elucidate degradation mechanisms in next-generation Li-ion cells and ii) to
propose commercially viable routes to mitigate degradation and to extend battery lifetime. The project will build upon
the learnings and utilise the capabilities developed in phase I of the Degradation Project, where NMC811/graphite full
cells were studied. The project will work in three parallel work-packages towards next-generation systems with 1)
improved mass energy density (e.g., Ni-rich layered cathodes//graphite/SiOx), 2) lower cost and cobalt-free (e.g.,
LMFP/graphite), and 3) improved volumetric energy density (e.g., zero-excess Li metal).
We have already made significant progress, developing new analytical tools to study lithium-ion batteries. For example,
operando optical microscopy and solid-state NMR measurements have been paired with continuum modelling to build
new understanding of intraparticle lithium dynamics. We have also identified key capacity fade contributors for
NMC811/graphite cells. X-ray CT, coherent diffraction, and TEM have identified various cracking modes in polycrystalline
cathode materials. Long-duration XRD show the formation of a fatigued phase that grows with cycle number and from
which it is difficult to extract Li. Yet despite these cathode failure modes, most capacity fade occurs via slippage (Fig. 1),
i.e., from trapping of Li in the anode SEI. As illustrated in Fig. 1, Li inventory loss subsequently causes the cathode to
reach higher potentials (in this e.g., after cycle 312), triggering further capacity fade.
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Fig. 1. Slippage analysis of a NMC811/gr cell showing that capacity
fade is due to loss of Li inventory (3.0–4.3 V, C/2 with 3×C/20 every
100 cycles, 25°C). (CAM) (a) Anode/cathode contributions to cell
voltage. (b) Fitted slippage vs measured capacity loss (C/20, cycles
as numbered). Accelerated capacity loss is seen after cycle 312,
when the lowest voltage anode process is no longer accessed.1

Building on this established toolbox, we now propose to use
these methods alongside new experimental and theoretical
approaches to correlate degradation and full-cell crosstalk processes in next-generation cell chemistries.
1

Dose, W. M.; Xu, C.; Grey, C. P.; De Volder, M. F. L. Effect of Anode Slippage on Cathode Cutoff Potential and Degradation Mechanisms
in Ni-Rich Li-Ion Batteries. Cell Reports Phys. Sci. 2020, 1 (11), 100253. https://doi.org/10.1016/j.xcrp.2020.100253.

Open Call item 5.1: Computational Studies of Electrolyte Chemistries for Zero-excess Lithium Metal (‘Anodeless’) Batteries
Scope

Zero-excess lithium metal cells (a.k.a. “anode-free” or “anode-less”) offer significant improvements in volumetric energy
density over lithium-ion cells using insertion/intercalation anode materials (e.g., graphite). The practical implementation
of anode-less lithium cells requires new electrolyte systems that can vary significantly from graphite anode lithium-ion
analogues. This work will apply advanced computational chemistry methods (e.g., DFT, AI-MD) to study best-in-class
literature electrolyte systems and to develop novel systems within the consortium. Of particular interest is relating the
cell lifetime and performance to the parent electrolyte composition (salts, solvents, additives). Also of interest are
proposals that use machine learning methodology to identify novel electrolyte systems.

Objectives




Apply advanced computational methods (e.g., DFT, AIMD, ML) to study mechanisms of SEI formation and
maturation and/or to identify optimum electrolyte compositions
Results should determine the relationships between electrolyte composition and cell lifetime/performance
Project should complement experimental projects, e.g., by providing predictions to test

Open Call item 5.2: Characterisation of SEI layers for Anode-less Lithium Batteries
Scope

Zero-excess lithium metal cells (a.k.a. “anode-free” or “anode-less”) offer significant improvements in volumetric energy
density over lithium-ion cells using insertion/intercalation anode materials (e.g., graphite). The practical implementation
of anode-less lithium cells requires new electrolyte systems that can vary significantly from graphite anode lithium-ion
analogues. This work will examine the evolution of the solid-electrolyte interphase (SEI) on novel anode-less substrates,
with emphasis on the relationship between the electrode surface, the electrolyte composition, and the physical
properties (thickness, Young’s modulus, etc.) of the resultant SEI layers. Methods that replicate the ‘real’ conditions
within a cell are preferred, using NMC811/Cu as a reference system and including cross-talk interactions between positive
and negative electrodes. In situ and/or operando methods are especially favoured including
microscopy/spectroscopy/etc. (e.g., AFM, Raman, TEM).

Objectives
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Study and define the physicochemical properties of SEI layers in anode-less cells during formation and evolution
stages
Results should provide insights into the relationship between the electrode surface, the electrolyte composition,
and the resultant SEI layers




Relate findings to conditions within a full cell (i.e., NMC811/Cu, etc.), including the effects of degradation
products on SEI stability (i.e., cross-talk effects)
Project should complement experimental and computational activities within the consortium

Open Call item 5.3: Synthesis of Novel Electrolyte Systems – Salts, Solvents, and Additives
Scope
This project will focus on the synthesis of small molecules, salts, etc. for the evaluation and understanding of novel
electrolyte systems for next-generation lithium cell chemistries. Of particular interest are Ni-rich NMCs, lithium metal
phosphates, and zero-excess lithium metal cells (“anode-less”). The work will complement cell prototyping and
electrolyte screening experiments within the consortium. Successful candidates and compounds considered of particular
scientific interest will be distributed within the work-package for detailed mechanistic studies (e.g., SEI formation
studies). This research may also include the development of improved synthetic routes for the commercially viable
production of electrolyte components.

Objectives




Synthesize high purity (battery-grade) electrolyte components for evaluation in full cells
Target compounds should include a range of best-in-class from the literature (e.g., LiDFOB, difluoroethylene
carbonate) and compounds for novel electrolyte chemistries, designed from the understanding gained in the
consortium (salts, solvents, and/or additives)
Collaborate with consortium research partners for mechanistic studies (e.g., SEI/CEI formation)

6. SafeBatt
Project scope




To investigate and understand the science behind failure by implementing state-of-the-art instrumentation,
imaging and high-speed techniques to characterise failure modes.
To create a UK research virtual centre of excellence for battery safety; to inform the design of safer batteries by
understanding the fundamental safety failure modes and subsequent hazards of cells and battery systems.
To join up the major UK battery safety research stakeholders under one umbrella project, giving a clear point of
access for industry and government bodies seeking knowledge and engagement on battery safety related issues.

Project aims and objectives
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Understand failure events through state-of-the-art instrumentation, imaging and high-speed techniques.
Understand the safety signatures of degraded cells.
Investigate how material properties cause safety concerns or varied safety signatures.
Demonstrate detection methods and mitigation strategies, e.g. the use of ultrasound to predict TR.
Determine the toxicity of Li-ion cell fires and run-off, and the composition and explosive behavior of vapor
clouds.
Understand the science behind the safety of emerging chemistries.
Initial model of thermal runaway, cell to cell propagation and reaction pathways; data to parametrise the
models.
Give a clear point of access for industry and government bodies seeking knowledge and engagement on battery
safety related issues.
Generate and disseminate safety-related information (e.g., SOPs) for the use of first responders and other
stakeholders.
Advise and influence government strategy.

Open Call Item 6.1: Next Generation Chemistries - Safety Challenges of Next Generation Li-ion and post Liion Chemistries; Safety Testing and Evaluation
General description of what is involved:

As part of an expansion of the current scope of SafeBatt, we will use our knowledge of safety and abuse responses of Liion chemistries to extrapolate and provide an informed evaluation of the main potential safety challenges of emerging
chemistries and technologies. Alongside this we will assess the applicability of current tests, regulations (e.g., transport)
and standards to these chemistries and cell formats. This work will require SafeBatt to engage with other FI projects to
assist with their safety qualification, discuss possible experiments and carry out agreed abuse tests. This is particularly
important for those projects looking to scale up, as even those perceived as ‘safe’ will require safety qualification to
enable commercialisation. Even in those cases where cells are not yet readily available, safety-related tests can be carried
out, which will provide significant insight into the safety response of the system. For example, DSC measurements on
the electrode materials and electrolyte can provide critical thermal stability information.

Scope
The aim of this task is to investigate the safety of emerging and next generation chemistries. This task will engage with
other projects within the FI, as well as industry, providing advice and insight into potential safety issues, help with
qualification of the safety claims of new technologies and inform how to improve their safety.

Objectives




Understand and define emerging safety challenges for next generation chemistries.
Define the particular safety challenges of metallic anodes.
Evaluate standard Li-ion abuse test methodologies and standards applied to non-Li-ion chemistries.

Open Call Item 6.2: Modelling Thermal Runaway and Propagation
General description of what is involved:
This task forms an important expansion of scope in the SafeBatt project, and focusses on the ability to understand and
predict the consequences of severe failure, which result in cell fires. To deliver this we wish to develop approaches which
consider the modelling of cell failure and fire, the initiation of thermal runaway and how it propagates. This task will
include heat/flame propagation from cell-to-cell, as well as the electrical and mechanical component of cell-to-cell
propagation.
This work will be closely linked across the SafeBatt project, informing research activities in a number of complementary
areas.

Scope

In order to predict cell-to-cell propagation, a model is required that predicts thermal runaway and simulates the external
flow of gas, heat and ejecta during failure, and which can then be extended to developing a model of module-level cell
failure interactions, in particular cell-to-cell propagation.

Objectives
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Develop a parametrised model of the multi-phase, high-speed flow external to cells and within modules and
packs.
Determine the impact of cell-to-cell interaction on gas/flame transport.
Investigate the relationship between module/pack architecture and flame behaviour.
Create a spatially resolved model that predicts thermal runaway behavior in cells.
Extend the model to predict cell-to-cell propagation within modules and packs.

7. Research Pouch Cell Manufacture
Scope

The aim of this work package is to manufacture industry-like single layer pouch cells, of defined chemistries, aligned to
the renewed Degradation project. They will have sufficient quality, volume and reproducibility to underpin the advanced
characterisation studies in order to identify the key degradation mechanisms at play and strategies to overcoming them.
This includes both operando and post-mortem studies. To achieve this, the work package is split into two main
components: WP0.1) Manufacture of the coatings and pouch cells for dissemination within the Degradation consortium
and WP0.2) Pouch cell conditioning and characterisation.

Objective

Produce pouch cells to support degradation studies undertaken by the Degradation consortium.

Open call item WP0.1: Manufacture of Industry-like Single Layer Pouch Cells.
Aims

This work package aims to produce pouch cells of industrial quality that will enable reproducible and reliable degradation
studies to be undertaken by the rest of the consortium.

Objectives






To manufacture a minimum of 400, single layer A7 format, pouch cells over the term of the contract; in the order
of 25-50 being produced per quarter. These cells and selected coatings should be available for dissemination to
the rest of the consortium for their research studies.
Incorporate learning from progressive degradation studies into future generations of the pouch cells where
applicable for this project.
To share the fabrication protocols for the cells within this project and with Faraday stakeholders.
Use and handle kg scale volumes of battery grade W-doped LNO for use in the cell fabrication process.

It is expected that learning from this project will be fed into other Faraday Institution funded facilities.

Open Call Item WP 0.2: Optimisation of Pouch Cell Testing
Aim

The aim of this work package is to fill and form the pouch cells for the cycling conditions which will be used in the
Degradation studies. This includes defining the optimal cell formation and aging conditions for the consortium as well as
the ability to use electrolytes/additives identified from this consortium. It is expected that a range of electrochemical
studies will be undertaken e.g. differential voltage analysis, Dq/DV, and Electrochemical Impedance Spectroscopy,
throughout the development activities to fully charachterise these cells. Another key component of analysis will be the
ability to undertake operando X-ray studies of these cells at various stages of aging. Through collaborative working with
the rest of the consortium, increased understanding of the degradation mechanisms at play will be fed back into this
work package to make iterative improvements.

Objectives
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Define, through a systematic approach, the optimal cycling parameters for suppressing capacity fade of the
chemistries under investigation by the consortium.
Supply conditioned cells/electrodes for the consortium for either post-mortem or operando measurements for
degradation studies.
Perform electrochemical impedance testing and characterisation that can be used and analysed across the
consortium.
Ability to underpin operando X-ray studies with the specified cells at various stages of aging.

